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ABSTRACT

The swine industry and pig ‘production, hyper-prolific sow breeds are
commonly utilized to increase both the number of piglets per litter and the annual
productivity per sow. However, this practice often results in low-birth-weight piglets
and high pre-weaning mortality rates. The objective of this study was to investigate the
effects of supplementing medium-chain triglycerides enriched with lauric acid,
combined with phytocannabinoids extracted from hemp leaves and sglycerol
monolaurate, on growth performance, immune response, redox status, and intestinal
microbial diversity in piglets. The study consisted of four main experiments as follows:

Experiment 1 aimed to determine the optimal conditions for phytocannabinoid
extraction and was divided into two parts. The first part investigated the raw hemp
material to establish the optimal extraction conditions, using hemp leaves and hemp
roots. The raw materials were prepared through
a process of selection, cleaning, air drying, oven drying, grinding, and sieving through
a 100-micron sieve before being packed into cloth bags. Subsequently, a preliminary

decarboxylation was performed using an autoclave at 121°C for 21 minutes. For the
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solvent oil factor, Refined Palm Kernel Oil (RPKO) and Crude Palm Kernel Oil (CPKO)
were utilized, supplemented with the emulsifier Tween 80 at a rate of 2% (w/v), sodium
erythorbate at 0.3% (w/v), and butylated hydroxytoluene (BHT) at 0.8-1.0%. The
mixture was then placed in a hot air oven at 110°C for 4 hours. The experiment was
designed as a 2 x 2 factorial in a Completely Randomized Design (CRD). At the end of
the accelerated reaction, the quantities of CBD (0.168 and 0.073% w/w) and CBDA
(0.083 and 0.267% w/w) extracted from hemp leaves were found to be significantly
higher than those from hemp roots (P<0.05). The use of Crude Palm Kernel Oil (CPKO)
as a solvent vyielded  superior results compared to RPKO, with
a total phenolic content (TPC) of 48.34 mg GAE/g DW, total antioxidant capacity (TAC)
of 25.65 mg GAE/¢ DW, and DPPH, ABTS, and FRAP antioxidant activities of 26.489%,
46.40%, and 38.33%, respectively. These conditions were subsequently applied to the
second part of the experiment, which evaluated the influence of the ratio of hemp
leaves to CPKO oil (6%, 12%, and 18%) and the duration of heating for accelerated
decarboxylation (0, 2, 4, 6, and 8 hours). The experimental design was a
3 x 5 factorial in a CRD. Under all conditions, the mixtures were supplemented with
Tween 80, sodium erythorbate, and BHT as specified and heated at 110°C. The results
indicated that the optimal condition was heating at 110°C for 6 hours with
a 12% ratio of hemp leaves to CPKO oil. This condition yielded a TPC of 57.38 mg
GAE/g DW, a TAC of 21.55 me GAE/¢ DW, and DPPH, ABTS, and FRAP antioxidant
activities of 34.439%, 64.33%, and 53.18%, respectively.

Experiment 2 was conducted to investigate the effects of medium-chain
triglyceride (MCT) emulsions on growth performance, hematological indices, and blood
biochemistry of suckling piglets. This emulsion formulation was developed based on
the optimal phytocannabinoid extraction results from Experiment 1, which were
incorporated into an energy-supplement emulsion designed for neonatal piglets. The
emulsion formulations comprised palm kernel oil, rice bran oil, palm oil, soybean oil,
and lauric acid powder. The treatments included: EML (Emulsion of Medium-Chain
Fatty Acids containing 30% Lauric Acid): lauric acid content -30%, EMPL (Emulsion
containing 40% Lauric Acid + Phytocannabinoids): lauric acid content -40%

supplemented with phytocannabinoids, Mono-EMPL (Emulsion containing 40% Lauric
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Acid + Phytocannabinoids + Monolaurin): lauric acid -40% in which 1.8-2.0% of lauric
acid powder was substituted with monolaurin powder. This experiment was divided
into two parts. The first part studied the effects of two emulsion types (EML and EMPL)
and two administration levels: a low level (3.5 mL/dose x 3 doses) and a high level
(3.5 mL for the first dose, and 6.5 mL for the second and third doses). A total of 1,063
newborn piglets from 75 sows were used, with a control group (CON) receiving the
antibiotic Toltrazuril (100 mg/dose; 2 mL/dose). All experimental groups were
administered the test substances three times: within 8-12 hours post-farrowing, on
days 3-5, and on day 18 or 8-12 hours before weaning. Data on birth weight, and body
weight at 24 hours, 3 days, and 18 days postpartum were collected. Blood samples
were randomly collected on day 18 postpartum. An augmented factorial design [(2 x
2) + control] was employed. The results showed that the H-EMPL and H-EML groups
had greater weight gain in the first 24 hours compared to the control group (0.13 vs.
0.09 kg, P=0.001) and a lower pre-weaning mortality rate (19.7% vs. 29.4%, P=0.001).
Specifically, the L-EMPL g¢roup showed a significant reduction in mortality due to
diarrhea (2.96 vs. 10.24%, P=0.001). Additionally, this group exhibited significantly higher
Total Protein (TP) and Globulin (GB) levels than the CON group (TP: 5.40 vs. 4.12 ¢/dL,
P<0.05; GB: 1.71 vs. 0.79 ¢/dL, P<0.05). The second part evaluated the efficacy of the
L-EMPL emulsion compared to the Mono-EMPL emulsion and a control group (CON;
Toltrazuril 2 mlL/dose), administered orally three times (3.5 mL/dose). A total of 509
piglets from 36 sows were used in a Completely Randomized Design (CRD). From 18
litters, 108 female piglets (6 piglets/litter, 36 piglets/group) with an average birth weight
of 1.20-1.50 kg were selected. Social behavior was recorded twice (after the first and
second administrations), including the frequency of behaviors within a 2-hour period
and facial lesion scores during the first 5 days. The results indicated that the 24-hour
weight gain post-farrowing did not differ between the Mono-EMPL and EMPL groups,
but both were higher than the CON group (0.13 vs. 0.13 vs. 0.09 kg, P=0.001). Colostrum
intake was significantly higher than in the CON group (336.73, 327.73 vs. 276.76
mL/piglet, P=0.006). The Average Daily Gain (ADG) on day 18 was higher than in the
CON group (172.38, 173.67 vs. 151.88 ¢/d, P=0.046). The pre-weaning mortality rate for
the Mono-EMPL group was lower than the CON group (14.27% vs. 29.40%, P=0.012),
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with reduced mortality from starvation and diarrhea (P<0.05). Blood analysis revealed
that the Mono-EMPL and EMPL groups had higher TP and GB values than the CON
group (TP: 5.13, 5.16 vs. 4.00 g/dL; GB: 1.76, 1.51 vs. 0.61, P<0.001), while the Eosinophil
count in the Mono-EMPL group was the lowest (0.25 vs. 2.00, 3.75%, P=0.002). Facial
Lesion Scores (FLS) were lowest in the Mono-EMPL group, continuously decreasing to
a score of 0.56 by day 5 (P<0.05), reflecting reduced teat competition and injury
compared to other groups. Therefore, it can be concluded that the EMPL and Mono-
EMPL emulsions are the most suitable formulas for suckling piglets. However, due to
limitations in the preparation and stability of the emulsion for practical industrial use,
a spray-drying process  was - employed to convert the emulsion into a
microencapsulated powder in Experiment 3

Experiment 3 aimed to determine the optimal conditions for producing
microencapsulated powders of medium-chain fatty acids (MCFAs) enriched with hemp
extract and monolaurin, using spray-drying technology. The experiment was divided
into three parts. The first part was evaluated and selected the optimal ratio of Tween
80 (hydrophilic) and Span 80 (lipophilic) emulsifiers to achieve maximum emulsion
stability. This part also studied the effects of two factors: the concentration of lauric
acid in the core material at 40%, 50%, and 60%, and the Tween 80: Span 80 ratio at
90:10, 80:20, 65:35, and 50:50. The experiment was designed as a 3x4 factorial in a
Completely Randomized Design (CRD). Controlled factors included a homogenizer
speed of 12,000 rpm, a total soluble solids (TSS) content of 40%, and a core-to-wall
ratio of 1:3, using maltodextrin (MD) and sodium caseinate (NaCas) at a 4:1 ratio as the
wall material. The results showed that a lauric acid concentration of 40-50% was the
most suitable proportion for the core-to-wall material ratio of 1:3 (P=0.007).
Specifically, an emulsifier ratio of Tween 80: Span 80 at 80:20, under 12,000 rpm
homogenization, yielded a droplet size of 79-103 nm and a zeta potential of -42 to -
57 mV, indicating high emulsion stability. This was consistent with microscopic images
at 40X magnification, which showed particles smaller than 50 pm with uniform
emulsion molecule distribution and clear encapsulation of the phytocannabinoid
extract within the core. The conditions from this experiment were used for the spray

drying study in the second part. The second part investigated the spray drying
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conditions using two variables: the lauric acid concentration in the core material at two
levels (40% and 50%) and the inlet air temperature at two levels (190°C and 220°C), in
a 2x2 factorial design under a CRD. The results demonstrated that a temperature of
220°C combined with 50% lauric acid yielded the highest encapsulation yield (89.73%)
and encapsulation efficiency (83.40%). This condition also resulted in a powder bulk
density of 43.69%, a total fat content of 35.26%, and Gross energy and Metabolizable
energy values of 6,160.78 and 5,838.88 kcal/g, respectively, which were significantly
higher than other conditions (P<0.05). Meanwhile, the condition of 190°C with 50%
lauric acid maintained the highest proportion of lauric acid to total fatty acids at 45.36%
(P=0.002). Field emission scanning electron microscope (FESEM) images confirmed that
the combination of 220°C and 50% lauric acid in core material produced a
microencapsulated powder with a spherical surface that was dense, smooth, and had
reduced porosity. The third part was examined the reconstitution conditions of spray
dried powders by evaluating water solubility and emulsion recovery. A 3 x 3 factorial
CRD was designed with two factors: water temperature (70, 80, 90°C) and powder to
water ratios (1:0.75, 1:1, 1:1.5). Results showed that reconstitution was optimal at water
temperatures of 70-80°C and powder-to-water ratios of 1:1-1:1.25. Particularly,
powders produced under conditions of 50% lauric acid and 220°C inlet drying
demonstrated water-soluble powder ratio (WSPR) and turbid emulsion ratio (TER)
values of 99-100% after 2 hours of reconstitution, confirming this as the most suitable
condition for solubility and recovery of encapsulated powders.

Experiment 4 aimed to evaluate the effects of a microencapsulated powder
containing medium-chain fatty acids, phytocannabinoid extract, and monolaurin on the
growth performance, hematological and biochemical parameters, redox status, body
temperature changes, and intestinal microbiota of suckling piglets. A total of 850
newborn piglets were utilized in a completely randomized design (CRD) and allocated
into three groups: a control group (CTR), a group receiving the Microencapsulated
Powder with Phytocannabinoid (MPL), and a group receiving the Microencapsulated
Powder with Phytocannabinoid and Monolaurin (MPLM). The piglets were orally
administered the test substances as an emulsion, prepared by dissolving the powder

in RO water at a 1:1 ratio at 70-80°C; the emulsion's temperature was maintained at
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28-30°C during administration. The feeding was performed three times: (1) within 8-12
hours after birth, (2) on days 3-5 postpartum, and (3) on day 21 or 8-12 hours before
weaning. The results revealed that the MPLM group exhibited a higher average daily
gain during the first three days (359.24 g/day) compared to the control group (173.30
g/day, P<0.001) and reduced pre-weaning mortality to 7.27%, compared to 25.20% in
the CTR group (P<0.001). Blood glucose levels in the MPLM (132.37 mg/dL) and MPL
(113.62 mg/dL) groups were significantly higher than in the CTR group (75.84 mg/dL,
P<0.001). Meanwhile, the MPLM group showed significantly elevated levels of IgA, IgM,
and 1gG (P<0.01), along with increased White Blood Cell (WBC) and platelet counts
(P=0.05 and P=0.014, respectively), indicating improved health and immune status.
Microbiome analysis revealed that MPLM increased the abundance of Firmicutes, while
reducing Proteobacteria and Fusobacteriota (P<0.05). The relative abundance of
Lactobacillaceae rose to 20.88%, whereas Clostridiaceae decreased to 1.78%
compared with 7.58% in CTR (P=0.015). UniFrac analysis demonstrated clear microbial
structural differences between MPL and MPLM groups (R=0.179, P=0.003), confirming
that MPLM effectively modulated gut microbiota, contributing to enhanced intestinal
health and growth performance.

These findings indicate that newborn piglets supplemented with medium-
chain triglycerides enriched with lauric acid, combined with phytocannabinoids and
glycerol monolaurate, in both emulsion and microencapsulated powder forms,
represents a highly promising strategy to reduce antibiotic use, enhance productivity,

strengthen immunity, and support sustainable swine production
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Rarefaction curves (A) and species accumulation Boxplot (B)
displaying sequencing depth saturation and microbial diversity in
fecal samples of suckling pigs under different dietary treatments
Rarefaction curves illustrating relative abundance and sequencing
depth saturation of bacterial communities in fecal samples of
suckling pigs under different dietary treatments

Phylogenetic tree and relative abundance of bacterial phylum in
fecal microbiome of suckling pigs under different dietary treatments
Phylogenetic tree and relative abundance of bacterial phylum in
fecal microbiome of suckling pigs across dietary treatment groups
Beta diversity heatmap displaying pairwise phylogenetic community
dissimilarity among fecal microbiome of suckling piglets under
different dietary treatments

Relative abundance of fecal bacterial phylum in suckling pigs under
different treatments (A) and treatment groups (B) in suckling pigs
Relative abundance of fecal bacterial family in suckling pigs under
different treatments (A) and treatment groups (B) in suckling pigs
Relative abundance of fecal bacterial genus in suckling pigs under

different treatments (A) and treatment groups (B) in suckling pigs
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Figure

4.22

4.23

4.24

4.25

4.26

a.27

4.28

4.29

4.30

4.31

Taxonomic abundance cluster heatmap of bacterial genus based on
relative abundance in fecal microbiome of suckling pigs under
different treatments

Taxonomic heatmap showing relative abundance of bacterial genus
in fecal samples from suckling pigs across treatments

Venn and Flower diagram

Ternary plots comparing key bacterial genera based on relative
abundance in fecal microbiome of suckling pigs under different
dietary treatments (family)

Ternary plots comparing key bacterial genera based on relative
abundance in fecal microbiome of suckling pigs under different
dietary treatments (genus)

Pairwise group comparisons of phylogenetic distances in fecal
microbiome of suckling piglets under different dietary treatments
using unifrac._metric (A: weighted unifrac distance; B: unweighted
uniFrac distance)

Principal coordinate analysis (PCoA) of fecal microbial communities
based on weighted uniFrac distance (A) and unweighted uniFrac
distance (B) among suckling piclets under different dietary treatments
UPGMA cluster tree Bbased on weighted unifrac distance depicting
phylogenetic relationships and microbial community similarity
among fecal samples of suckling piglets under different dietary
treatments

UPGMA cluster tree based on unweighted unifrac distance depicting
phylogenetic relationships and microbial community dissimilarity
among fecal samples of suckling piglets under different dietary
treatments

Phylum-Level comparison of fecal microbial abundance between

control (CTR) and MPL groups by T-test
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Figure
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4.36
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4.38

4.39

4.40

Al

Phylum level comparison of fecal microbial abundance between
MPL and MPLM groups by T-test

Genus Level Comparison of Fecal Microbial Abundance Between
Control (CTR) and MPLM groups by T-test

Microbial Function Prediction Based on COG (Clusters of
Orthologous Groups).

Microbial function prediction based on EC (enzymes commission
numbers).

Microbial Function Prediction Based on KO (KEGG Orthology).
Microbial Function Prediction Based on KEGG Pathways.

Microbial function prediction based on PFAM markers.

Phylum level microbial community profile based on metagenome
sequencing

Genus’s level microbial community profile based on metagenome
sequencing

Agarose gel electrophoresis of DNA and PCR products from Piglet

fecal samples
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ABTS
ADG
ALP
ALT
AST
AW
BHT
BUN
CAT
CBC
CBD
CBDA
CBDV
CBN
C
COG
COX-2
CPKO
CTR
DPPH
EC
EML
EMPL
FESEM
FF

FLS

Abbreviations

2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
Average daily gain

Alkaline phosphatase

Alanine aminotransferase
Aspartate aminotransferase
Water activity

Butylated hydroxytoluene
Blood urea nitrogen

Catalase

Cannabichromene
Cannabidiol

Cannabidiolic acid
Cannabidivarin

Cannabinol

Creaming index

Clusters of orthologous groups
Cyclooxygenase-2

Crude palm kernel oil

Control group was fed with RO (Reverse osmosis water)

2,2-Diphenyl-1-picrylhydrazyl

Enzyme commission

Emulsion of medium chain triglycerides with 30% lauric acid

Emulsion of medium chain triglycerides with phyto cannabinoids

Field emission scanning electron microscope
Foam fraction

Facial lesion score



FRAP =  Ferric reducing antioxidant power

GML =  Glyceryl monolaurate

GPx =  Glutathione peroxidase

Hb =  Hemoglobin concentration

Hct = Hematocrit

H-EML = High dose emulsion of medium chain triglycerides with 30%
lauric acid

H-EMPL = High dose emulsion of medium chain triglycerides with 40%

lauric acid plus phyto cannabinoids

HLB = Hydrophilic-Lipophilic Balance

IgA = Immunoglobulin A

IsG = Immunoglobulin G

IgM = Immunoglobulin M

KEGG =  Kyoto encyclopedia of genes and genomes

KO = KEGG Orthology

LCTs = Long-chain triglycerides

L-EML = Low dose emulsion of medium chain triglycerides with 30%
lauric acid

L-EMPL = Low dose emulsion-of medium chain triglycerides with 40%

lauric acid plus phyto cannabinoids

LFS =  Latency to first suckle

MCFAs = Medium-chain fatty acids

MCH = Mean corpuscular hemoglobin

MCHC = Mean corpuscular hemoglobin concentration
MCT = Medium-chain triglycerides

MDA = malondialdehyde

Mono-EMPL

Emulsion of medium chain triglycerides with 40% lauric acid plus

phyto cannabinoids and monolaurin



MPL

MPLM
NF-KB
Ol

PDI
PFAM
PI

RBC
RBC
RDW
ROS
RPKO
SACS
SF
SOD
SOLR
Span 80
TER
THC
THCA
THCV
TOE
TPC
TSS
Tween 80

WBC

Microencapsulated powder of concentrated medium-chain fatty
acids, which contain concentrated medium-chain fatty acids,
lauric acid and hemp leaf extract

the same as MPL but supplemented with monolaurin
Nuclear Factor kappa-light-chain-enhancer of activated B cells
Oiling off index

Polydispersity index

Heatmap protein families
Precipitation index

Red blood cell count

Red blood cell

Red cell distribution width

Reactive oxygen species

Refined palm kernel oil

Stability against cream separation
Suckling frequency

Superoxide dismutase

Surface oil layer ratio

Sorbitan monaooleate 80

Turbid emulsion ratio
Tetrahydrocannabinol
Tetrahydrocannabinolic acid
Tetrahydrocannabivarin

Teat order engagement

Total antioxidant capacity

Total soluble solids
Polyoxymethylene sorbitan oleate 80

White blood cell count
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a5uUNeAIY Figure 1

NINAaRsd 1 Msvmanngiwianzailunisadaasiilauauundussdandye
(Cannabis sativa L) faevifuudaludidufivsansunszuaunisiauendiadu uaz
dnenmlunisldidundnsaiasundsnudmsugnansgaun wialu 3 nseaesdos way
YeunnITInaesaselUll

nsnnaes 1.1 msadnashilauauunduessannsin uaslufuedaeldihiulasna
walsnananans (MCT) stinenae)

1.1.1 fnquszasd ilailSeuifisudneainvesdiunneg veadnes (unazsin)
wazafinvasiiiy (hifusdeluunduuians (RPKO e refined palm kernel OIl) wagtiiiu
wanalul1audu (crude palm kernel oil w3 CPKO) Tl udviazatslunisadnaislla

wAUUNTUBYA



1.1.2 vauwanmaaes Anwdadevesingiudayee (Jade A) Ae Tudyys uae
FINfeYwe way favhazate (Uade B) Ae uduwdalulrduuians (RPKO) wazunsiuudnly
Unduiu (CPKO)

LY a [ o

1.1.3 nszuiumsfnen dingaudywsnviililie unasden ussghugadi

q

ilUeuilag e (autoclave) Liiensesuans (decarboxylation) neutiluugluirdudvi
avangarliniusou
1.1.4 a3 Tausenaunie JAasigUsurasusenasui uadnsay (TPO),

AuEnsalunsiueyyadase (TAC, DPPH, ABTS, FRAP) uazesrusenauniuail

Experimental diagram

Reduce redox reaction Piglet behavior

4 t “FLIR imaging"

Lauric acid (C12) &

Menolaurin powder Stimulate Energy

= Growth performance

- _ f Boost immunity
‘ Emulsion test formula &
w i : -
v I, ‘ &
1

. N A
MCT 0il & CPKO -> 06 = B |-‘i{w b -> o o -> {v‘ wml) 'Balance gut microbiome

4 o B g om0y
‘k . . 8 Suckling pig ’

3 * Spray Oryer Suckling pig Reduce
- . ’ r] Pathogenic
g N !
Phyto-cannabinoid extract .ﬁ;ﬁﬂn bacteria
from hemp leaves and roots in -
palm kernel oil.

reduce antibiotic in farm
Decarboxylation

Experiment 3

Experiment 1 Experiment 2 (Wilaiporn Farm)

Experiment 4 (Boonmee Farm)

Prototype factory for producing livestack

® Phyto cannabinoid extraction ® Testing the e re and optimum volume additives and science park
from hemp leaves and roots for oral admi ing suckling piglets. « Optimal Spray Drying Conditions
* Optimal ingredients for 2 experiments - Experiment 1: [(2x2)+11 + Testing the Chemical Properties and Water ® Three experimental groups:
emulsion formulation - Experiment 2: 3 groups. Solubility of Microencapsulation Powder » Blood biochemical indicators, production performance,
o Indicators: Blood biochemistry, production + Testing the Physical and Chemical Properties immunity, oxidative stress, and intestinal health.

efficiency, behavior, and diarrhea incidence. of Microencapsulation Powder ® Behavioral studies and their relationship with FLIR imaging

Figure 1.1 The diagram provides an overview of the research steps.

N151AA89 1.2 HATITLELIATUNTZUIUNITHAISUONTLATULALENTIEIUNITANR
yosfyerethifusdaluliduiu (CPKO) Mifidoasdusenounmgnuiaiinazdneninnisdiu
ouyadaszvenituamsatnlnlanauundussd (Effect of duration of the decarboxylation
and the extraction ratio of hemp to CPKO on the phytochemical composition and
antioxidant potential of Phyto cannabinoid oil extracts)

12.1 Taguszasd (il emsnsndruvesludguesedavinazails (CPKO) uaz
sroznalunslinudouiivangaudian flimssddquarvidueyyadasygs
1.2.2 voulan1snaaed Anwitadesnsndiuluiywsne CPKO: 3 s¥aU Ao 6%,
12% uay 18% (netminseusunng) Had A) uarladussoznailiianuiow: 5 sziu fo

0,2, 4, 6, uaz 8 Halua ﬁqmuqﬁ 110°C (U338 B)
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1.2.3 nszvaumsdnw WringAvludyeannviliuis uaaziden ussglugadi
udthlueuilantafeinies autoclave) iilonszduansdaenszuauns decarboxylation
Aouthluutluthsiudnyhasanenudadiuvesiiads A waglimudeunuiadonaivesiiads
B

124 #2% TaUsznaudie Jiasieriusunaansuseneuiluednsau (TPO),
AUENNaluNIUBYYadaTe (DPPH, ABTS, FRAP), asrusenauvainInlusiu wasusunm
ansuauwIDuess (CBD waz CBDA) Tuansatniild

n1sNAaasdl 2 navesnisasudiatulasndiwelsaanenarsfifianslilauauund

a a

uoynkazluluaesu AaNIINNINNITIIYLAULR NeANTIUNNEIRL AmelaiadneIuas
Fuafludenluansszozgau woaflu 2 msvpaodes uazreuiwnnismaaosieluil
N159NaeY 2.1 navesvindiladulnindigelsaaionais uazszaunislise

aussan IR Uln Usinausniivdos diunildsu sazamisladiainen lugnans
JrULAAUL

2.1.1 faquszasd eiFeuilsuussansnmansdifatusming Saduves
lasndwelsdaanansiifinsnassn 30% (emulsion of medium chain triglycerides with
30% lauric acid; EML) wa¢ diaturaslnsndiwelsasnasifingnaesn 40% tasuanslla
WALWITUBYA phyto cannabinoids) (emulsion of medium chain triglycerides with 40%
lauric acid plus phyto cannabinoids; EMPL) wazii e urnnstounselda (dosage)
[msunnfimanzaudviugnanstasgaul Aedsansnamnsiasgiaule Amnslaininen
wazTLeAiiluLden

2.1.2 Yourmnisnaassil 2.1 ldgnansusnidn Eninaass) S1uau 780 1
NuENs 75 wil wusnqunnaendu 5 nau A nauaiuau (LWsuenufdue), ngu Low
dose emulsion of medium chain triglycerides with 30% lauric acid (L-EML) n aq'm High
dose emulsion of medium chain triglycerides with 30% lauric acid (H-EML) ﬂaq'm Low
dose emulsion of medium chain triglycerides with 40% lauric acid plus Phyto
cannabinoids
(L-EMPL) LLazﬂaq'aJ high dose emulsion of medium chain triglycerides with 40% lauric
acid plus Phyto cannabinoids (H-EMPL) Ingldunun1svnaass augmented factorial design
(2x2 + control)

213§ ¥a UsganSamnisiasqivle, Usunaunisiuuudnndesuas

YUY, BRTINTANENDUNGIUN Anlaiininetkastaiiluden



n1IMAaeY 2.2 MaUTeuieulssansanvesdiadulasndwelsdaenanaasulo

Tnwauurdueed wazluluasiu wWisuiisuiunauildeufjdug deaussaninnis
WIaAule Amaladininewastuailluiongnanssrezgauy

2.2.1 Taguszasd leUssiudneninvesgnsddaduiifingaainaanis
naaedgos 2.1 (Ae L-EMPL) Wisuifisulszansnmivgnsiiaiuselaluasiu (Emulsion
of medium chain triglycerides with 40% lauric acid plus Phyto cannabinoids and
monolaurin; Mono-EMPL) LLasﬂa;uﬁié’%’umﬂgjﬁuus&iaﬂszﬁw%mwmiw%mlﬁﬂm AN
ladininewasdaiiludon lugnansyiiigau

2.2.2 ypulwansvaaesil 2.2 I9anansusniin (@ innas) $1utu 355 &
NS 36 Wil wiinguneaesd 3 nau Ae nauauew (Wue1UfTue) nqu EMPL way
nas Mono-EMPL Inglgununisvaassuuuduanysal (completely randomized design)

2.2.3 01370 Uszdndniwnastasavle, YTuaunisiuuudnidosuay

[%
o 1Y 1

Wy snnsmenaunguy Amelainingiuaziiaiiluifen uag ngANTIUNSEIAL-N13
AR
NNSNARBY 2.3 NSANYINGANIIUGNANTUINNA: HANTENUVBIFTLATUABAIY
wdausauaznsdadafiuuul
2.3.1 faquszasd iievszifiunavesasgniddatusuuuuronuudauss
WANITUNIYAULYBIANANTUSALAA ANNAvesHgAngsuAsaaduldTafunu uazan

14

ANUTULsvasseslsauLluminiinNNseg

Y

1%
[ Ly

2.3.2 YUWANISNAGDIT 2.3 QnENIUINLAR (818 1-5 1) Aflumdnusn
Ain 1.20-1.50 nn. 913 108 67 91nuligns 18 67 wusngueasadu 3 ngu fie nguatuay
(Asuenu¥ue) nqu EMPL uag nay Mono-EMPL tagldununisnaassiuuduanysal
(Completely randomized design) danauaziiudayanginssuuarseslsalugaa 5 Tuusn
NAIAADA

233 i n AUANULTIUT BTN ANTTUNTRAUN USTNBUAEY Ay
N13QAUN (suckling frequency; SF) wag izsznmﬁ'qﬂqmtfﬁwﬁqLéhumu@muma%ﬁm%zaLLiﬂ
(latency to first suckle; LFS) d@umungfingsuniswaatunisdiny duiinngAnssunisuyady
\fiougadnuy (teat order engagement; TOE) uagAudvasmgAnssuiniifiedusondn
wi uay Azkuusaslsauulumi (facial lesion score; FLS) TuUNIgAUAINUTULIIVD

UIANAvUlUNT (Useidiu 4 seu)



nsneaasil 3 namannzivzaluniswdandilasieunaugansalusiuans
nanadutuiiidunanvesansadadye wagluluassulagldnssuiunisiuiuuuniunles
wisnsveasadu 3 Msnnaestoy
MInaaad 3.1 nsmdnandiadleasfunrasoaiosnmuosdiadu
3.1.1 daquszasd Wevndnduiimunzauiianseninedsiadliess Tween
80 (¥0Uth) uax Span 80 (weuthify) fdmwalildsiatuiitiadosnmaan dmsussdua
dudurensaasinfiunndniu
3.1.2 UAULIANITNIAABY ALHUNITNABDILUU 3x4 factorial in CRD Lagld
ﬂﬁ]é‘]’&JmuQumﬁmﬂmam'iﬂ/lmaaﬂ‘ﬁ 3.1 (homogenizer 12,000 rpm, core: wall ratio 1:3) &
Jadeiidnuesi
Yady A (szauninasinlu core material) Usznounae 3 5¥AU MO
40%, 50% sy 60%
U948 B (d@na2u Tween 80 o Span 80) Usznauay 4 53AU Ap
90:10, 80:20, 65:35 way 50:50
3.1.3 #1340 Ussduwafissninuasaaauifvosdiaty mudsnnsdaden
anefiaf gatit ety Tieseludusely Ussnoudas Auaudinianisnmdugiu
Usznause USinaasudeiemaiiazansld (total soluble solids: TSS) Aramiliunsn-tua

[y

(pH) AwiinasuenguA3 N (creaming index; Cl) AviN1TANNENDU (precipitation Index; Pl)

AuAITasonTsIenduas (stability against cream separation;SACS) Stinnsuenduningiu
(oiling off index; ON) AMLwiln (Viscosity) dngdiulnuludiati (foam fraction; FF) wagn1s
3meﬁsﬁguqa Usznausag (dmsuannizimngas) davuineynia (Droplet Size) N3
n3rA1emIvedaunIa (PDI) Laga@nddni (Zeta Potential)

NIMAase 3.2 NsAnwtadeiiminzanvesnszviun iU iuleese
AN mveIndlilasouLAUYa

3.2.1 TnUszan T of nwan1nzn1syuisnuunuiles (spray dry) 7

wanzanfign 1ndadeanududuvesnsnasin uazgumnfianieunidn deamninves
wanAnusdlulasieunalyadilsnndtatuannsinfigaainnsveassieunii

3.2.2 YBULIANIINAADY 1TUNUNITNAABILUU 2x2 factorial in CRD &

'
av o v

Jasenfnwnall Ja3s A (vlaveddiady) Usenaunie 2 5 aRatuninsaassn 40% way

50% uaz Y93y B gauuniiauseuvidn Useneume 2 seau 190°C uag 220°C
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[
[

3.2.3 da¥Tnuszilliugunimvendndueinddulasiounaugaludiumigg
Usznausng

1) UseAnBnImnIzuIun1sNan LauA wawdn (spray drying yield) way
UseAnSnmn1svienu (encapsulation efficiency)

2) AauaudRnInIen e laun ATTU, water activity (a,) A1
nu Uy (bulk & tapped density) AUiN159ARIVOINS (compressibility ratio) ANAINITA
Mms@mmm%u (hygroscopicity) wagaasansalun1sazaie (solubility)

3) Aavantaniaad lawn asrusznaumanil Ysunansaluduyiindieg
WAZANAIU

4) ANPUENIIAUFIUINGT HIUNI1TATINEDULATIAT 196 I8NE B
QavssmiBidnaseunuvdssnsaniiaussouzeas viafandtatu (Feld Emission Scanning
Electron Microscope; FESEM)

n1ARas 3.3 mifnmtlade uaraniznisaranumesslulasleuLaUga
3.3.1 fnquszasd WevszillugaunmnnsAusdifudiaduremslaulagieu
uaugaiiothinazaen warAnwmaresdndiunisasanorolatie snmuesdiiatuiils
3.3.2 yauinnsnaass Yindlulasieutaugadildainaniizmsiuieiia
flan (@nn1svaaes 32) wAnvianautinisazate laeddadefidnudsd guvadvos
fldazane fua 3 sefugasind Ae 70 80 uay 90°C wazdndruszninandlulasiounauya
siothfldlunisazans a4 sedu fa 105, 1.0.75, 1.1, uay 1:1.5

£

3.3.3 %0 Usznaudie USiamendwisnuniiavaneld (total soluble
solids, TSS) dndiuvesdya ”ustjwé'qmﬂmsaza'mfﬂ (turbid emulsion ratio; TER) dndau
%ﬁuﬁaaaagjﬁ’aﬁﬂ (surface oil layer ratio; SOLR) Wag dndruvesdudiliazansrianue
(total insoluble ratio; TIR)

n1sVAaasd 4 navasdiatunilulasieunalgansalvduaienarsdutusiuivans
analulawauurtusee uazluluasiu Asaussaninn1sasgiaule aAmslainineiuas

a

Fuall Uisensnend wavgdunidludldvesgnansyigauy

4.1 Ynquszasd eUsziiulszansamvemdnsasindlulasiounauyansa
lusfuaenaraduduiiddiunauarsaalilauauuidused wazluluaeiu (11nani1agd
IMNEALYNUNARDIT 3) Aeaussonmnsiaiapiuln Avnaladisineuazduadl U§ATen

Inend wavgaunidludldvesgnansyigauy



11

4.2 YULUANISNAABY gNENTUINAABATIWIY 850 A1 NULFNTINUWIU 63 67
wisgnanseanidu 3 ngunisnaassaiuau (Control Group) Qﬂﬂauﬁ’haﬁw RO (Reverse
Osmosis Water) (CTR) wisuifisuiungugnansnguitlésundlalasiouuatgansalusiuans
nanadutu 2 ngu Uszneuse 1) adlulasieunaugavesnsalusiuaionatadudugs e
drunauvoInsaluduaenanttudy $2UA28 NINTAADIN waza1sannanlui gy
(microencapsulated powder of concentrated medium-chain fatty acids, which contains
concentrated medium-chain fatty acids, lauric acid and hemp leaf extract; MPL) itag 2)
MPL @3ululuaesu (Monolaurin) (the same as MPL but supplemented with monolaurin;
MPLM)

4.3 ¢1¥¥a Ussneudie aussonmmsssgdiule (srowth performance) A9

a

Ta#ainen (hematological parameters) wagduaillutden (biochemical blood parameters)

o

seAunddudy (mmune levels: IgA, IgM, 18G) UfjAse15nond (redox reaction) 3aunselu

kY

ald (gut microbiome) LLazqm‘wqﬁiNma (body temperature)

1.4 FUNAFINYDINTINY
1.4.1 ledaunaulasndwelsdaonansiidninasings sawdvansadalnlauauuid
URYANIUN YT haznatgesoaluluasisn zdroiNUsEdnsnawn1sasyivle szau

U

piiAuiy wazUSuuTanueUisesnendluifenvesgnanstiagalag

1.4.2 lénspurumsiesesdiiadusas msviuiuuuriudosluannefungauazyi
Tldnslalasiounpuganiinmiatios an1nzasi uasUseansnngs

1.4.3 Isnslalasiounavgaiindnaindrunandsdu aunsadllddmivgnans
uazdnadonsiinanssnnmmsaTydAule seRUQRALTY warguamMmaALeMNTUDIgN
GRERPKIAIIEY

1.4.4 navein1siasunslulasiouwalyavzdinanonnuainatgiazlaseasig

UsyNIRRUMSEIUTEUUMNAAUD M TVRINANTAAUL DL TALIU
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UNN 2

awv ad v
L@NENILLASITUIIENINYIUDY

2.1 aanunisaluasiadeidwadadnsinisaieneunetunlugngnsaneiuggnan

s

nsiuTIINgnansiinaInuslansateuganan (hyper-prolific sows) lasunis

Wanneiugnssuliignunniu wu viewsuiinandnds 37 Asewdansded egrdlsinny

o w v

PuINTudaianssuazindnsnsagiounguslugngnseg1aiied Ay ndeys

vosrhsuluaiu wudmslansgnaniidnsinismieneunguaasde 20-25% Fegeninunfisgg

Y

un Weiflsufuwignsanefusunafiidnsiaesn 3-6% lnendelurhsudisingdansd diw
Tuusgwmalngainnisfneves Nuntapaitoon and Tummaruk. (2015) 1A91891UNAE159
UsganSamnseanann 47 Whsugnsvuneineg ludssmalng wudnsinisaensungiuy
\ady 11.2% laydnandusnseiuluseminerinia faud 4.8-19.2% %uagiﬁuﬂa%’wmaﬂaznw

WU @eRUTIIUIUGNANIIAANSBUAYN wazUInUNgnansLIntin Ll eWa15u1a1N

' [
6 e 14 o =

HANTENUINATARLGDNAERUGNUIINITARERNWIANTA e iugaNAN TGN I WIUNINTLE

Y

waaiugnsIuAdaudsusnannssendinuesqnans dasimssendintaziuiugnansy
vehuildimnzanazanasinnsinidenliauga Insdasnmssendinazanaaiefignunnuay
iningnansiadsanas uiiinansinyiinsdnidenssvannafisauiednurgnaniay
Snsinssendinriilanusoannadnsmeauilatas iy msfsimingnansuazandne

nsmngluyeniowaznIsiagsgn
AWMAVENYRINISANENRUNE N gNENT wiatadunismelavane Al

(%

1) NM3Qn¥iU (crushing) Wuanmsmanfinadutes aeamglugnansuinintes
wargnuvivsazaaenvsensniin Andudndiunisme 2.1% vesgnansiiie

2) ATBADIMITNIBANUAINTALUNTATITINAT (starvation & low viability) gn

[

ansumdnusniiadesindenulusumeldiiome lianansadifahuulaiu dilugane

] '
Y o o v 4 Y o
q

andsnuuazinuiu mslasuihunlinedumeddgiiiiignansigiduiumuazidss

Y 9

FOlIARIe

3) vioude (diarrhea) Ll uannndAgfivinlignansgeunsuazidedinlaves

lnganglunsundlaymeiunuielsalussuunisiuems
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4) Y9389 1w ANULUTUTINYEENINYTDINA N15IANITHISUT Mlmunvay

Wy N13dnueu gnansililasunisguasgdlnddalugiusnifinuasseuzifegn lsafnlie

[y

WwNEngy Wy ansndseaugiiauiulsaiiensensiea (Porcine reproductive and respiratory

Y

syndrome; PRRS) liiasiniauauessenadenasiodnsinisaenounguy uazndmeuy {Ju

£

AU

anmdgymilinauntdudmansznuidaasugialugnamnssugns wesaindu

= L%

nsgadeauuluniueImis msdanis nmsdanisdesiulsa niseruduenldludanis

o (% = dy YA a a a v dy

$hwn uag Josiu sautanisifedviddnsinisnigidulamudmneniseanldianbeun
é’ a g L% a ° o gj o 4 =) o

T Inglulszmelnegngnsiwninusniiae wazliensinsaiegaduazyilvgadednanin
masegnaveshstlvsduummadmanraieauumset lasamzvsuvuna e ings

° - ax Y v o vaa & W W !

ANANIIINILLIN UBNWMUBIINITNTIANTNAIWTVUTIAAL WY WwImen1suA ludanana
Wenslinandaueiansieasy Wy n153ansligngnslasuansons waendanuLiesnon s
wsniiia wiupsiansiasulagasaiaiunasusaralauiy apnudssnlsaineiay

9

p1nsvieddy Uaguuilndsdueilunguaunauvaslasndwelsnangnaendanududunsna

a

93Na9 YIUATLH UNH1ULTIAIULAAULT BUUATILSeTinalsA LU Streptococci Uay

)

[

Clostridium wesnwiaunmaldvesgnansla uagdniaduwiAnnisiatuaisanialilauauwn

Nea &

Juoyn LNBYILaNAIUATENDDNTLATY USUdunasruudiauny wazdaasudunsdniduy

U q q

Uselopdluszuumainamis Wnganyaaneveshsulinudasnisanmslidediue an

AUYUNINGR LNUSEaVEA NlasauUaendveanansiuignsiussuvanaIvnssy

2.2 #@353INYazVINAVDIANFNSUINRUNUSNLNNT D8
U 9

angnsusnifianiidmindes laenluninefgnansndumidnusnifiaginil 1.00

'
1 I

nn. Fadunauniauiimien1sassInemateusznis Tendamaitadwansenulagnsise

9

dn3n1sTendinuazUszansninnisasyiulnluszezenn Jyuiddanuddgyosisdelu
gaamnssunsHangnsadelval fedadumsusulsaiugielviuignsanunsalignladiuau

winluwsazasen n1snulgnsilgnandawalvidgnansinnunilaiaumSeauiuvimidndinies

&

ndunn Minlniidnnsesydulatiiardnsnismegaindizuuuunsdanisaaay delady

A [ ) v [ o

dfynande naswdsedlusine gnansusniianndmindsudisesuglvedlnalaiauy
waylvuegednie wilugngnsuminides USunaumdsnudisesgaiifesaslusn lnguniue
Inalauiiazanludunaznauiieazgnldlieg nsmsinigly 12 Hilussnrdinaen wie

ShwszAudimaludensaraiaanuioulninenie widwiugnansnauil wasunasaul’
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o A

o1dliiifisswasiarnudiosnisvesinenislutisanddyl amendanushiiilugiediiad
aoafie ArwansalunIsmuALgMmMgdis1en1es (thermoregulation) gnanstiviintasd
flufifndemanigganingnanstminund shlsaaudeanudougauandoldeuassn
Sosamfundanudisesiinn ﬁﬂﬁqﬂqﬂimjmﬁﬁmmL?'%&Jagwiamwéfmﬁuﬁu (hypothermia)
Faduanngdfguonismelutisusnvdinaon sesraneiiseutewazndanusi silign
ansuihmiintos dndsuivdeddenn uadldauunitlunmsdifad s Sslunddy
ngAnssumIktsiuresgnansilnyluronifeaiu hwidnusnifinuinni 1.2 nn) Badu

a o v =~ o - H = A g ] o Ao o
ﬂ’]iﬂmﬂUﬂqiLmqﬂﬁu’]UNﬂJ@QQﬂQﬂim'ﬂLaﬂ GUQUQJU']LVT@EN"LNLWSQLL@L‘UULL“@QWﬁQQWUWﬁ’] Y

Y

Naatuyag 24 Falususn widaduunasweagiduiudniagy (Passive artificially acquired

q

immunity) Alasuainusl mstisunudivdeditiimevsetuiuly vilvgnanslasundsau

Y o o

e NANAUA NN AaNals 1IN auLBUAZIAEWBNTIAALTRA

wan N gnansusniindell sruundduiunasssuuniuaueIm sl

q

(%
L4 Y 1

auysal luanansdmtindey anglaguinisnanusiusninngsdanalinisimuivesssuy

Y
¥

wianitadlddn viladanulisenisfiadalussuuniaiuamsiaziinningnoudaladie

[

= & =~ [ v o o 1
Fedusnanilsanngranvasnisneglugnansszezaauu Jadevivuaddsdmansenulusses

'
Y

g13fe dnIINNSRIALleR gnansimindesisentinunlandinasdonsanisasyiuled
anIngngnsdadulumenieiiu uaginenaanatedugnswaszinsy (stunted pigs) &adl

UszanSammsuasei wazluidundainisvasnas

2.3 nsnlvduasnans (MCFAs) wazlasnaiwalsaaianans (MCT): nalnnseangnsuaz
Uszlevulugnans
nsalvtiuaena1sgaUsEnaumensaluluniesuau 6-12 avnau warlnsnawalsa

a1enans uansermsnunumdidyegedwoguamuazdnsin1ssendinuesgnans

v v Y

lnganglugnansusniiaidumindides anaudfanizdlunisgndesuazgaduagi

'
a o

590599 1A MCT WHuuvaandanuindrdnariiuselovivanssiu (Zentek et al,, 2011)

o

2.3.1 Useliun15miuAneamiis1anie (thermoregulation) 1H18391ngnansusniin

fanumesgiannlunissnweumgisineliegluseauund ewinindenudisesly

3

sulnalaauuazlyduinin Ussneuiugudmuaugumgiluanesdilalumandadaianunly
auysal (Prado et al,, 2022) wuinnalnnisyineuves MCT iuunasmdsauiindouldanule
Wudl (readily available energy) Wagnanslasu MCT aggndasuazaaduidrgnssuaiion

Taonsiazaudalugiduiietluas i d und s anusg 195905 IN1UNTLUIUNITRONT LATU
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(%
o w 1

wsudildundfianudfysensyuiunsduiieadrsninudou (shivering thermogenesis)
Fadunalandniignanslilunisadrsmnudeuiionediunnizduduiiu (hypothermia)
Tuaag 48 Flususnudsnaen (Hanczakowska, 2017) M3lESUNS1IUIIN MCTs e19520157
lignansannsainwgamgildnduluanmuindouiifoumniish (Zentek et al, 2011)
2.3.2 Usslaunasaudnses (energy reserves) gnansusniindngdsanudrsoslu
franetiossnn wavdeftanindsnuanuunmdsadundn nslaundsnuasusadu
Zesndu nuiinalnnisiieu MCT uwansnea1n LCT Taannsges MCT laldesendaroulasila
Wannsduseuuavinaenmluusinanin WAZENIINAATUIENTTUALTDANTUN1IVRDALTEA
smadita (portal circulation) llnenss lifosiuszuttiwdes nalnidvinlsd MCT Huunda

naungaduladeuaysans wangdmsugnansiissuunisyesludud wamunliaud

(Hanczakowska, 2017) Asdunisiasy MCT Faelvignansineanizdaniiminusniiniosdl
(% T~ ° Y a o & 1 Na = = a - v

AU Rganed nTUAINsINN I dulut s nvesiin desauiennsiedeulniivenidiu

wikarNsIN¥IgMNgHs1eNe (Hong et al., 2012)

¥

2.3.3 ATUNTAHUIVBITTUUNUAUDINITUAL T UUYRANNY tBnI8 MCT uax

a J

MCFAs Ll susilvindeny widlinafseauninvesdnlduasseuugiigunulagnse a1nnaln
3vhauYes MCFAs Saairutimugadn lasamzndouuafidoinsauan iy Salmonella
uazuuaiiislunquladnedy uanainddioysudsdlassastsveadoydild (intestinal
epithelial mucosal structure) ¥il¥in1sgaduansevnsiiuss@nsamunntu uasUiuauna
99398un3dluald (intestinal microbiota) n1sta3unatvasealuluasisn (GML) a1y
sutudveininaein Saeifisimsinuvesoulsflaualudldidnuasiissiundsn

(AMP) lutgoywisald (Cui et al,, 2022) salun1sUsuadaal dunsduaziaiuasIanIy

Y

wawssveilialddivang UAnisalvedsaviessasminainnsinie wazdaasunisvinn

Y v < ] )

YassruuniAuiu Falanuddgyegredsludmdmeunignansinudyiuanueseauagi

Y 9
[

mmﬁmmmﬁm%ga (Gebhardt et al., 2020)

2.3.4 ATUAINUAIUITOIUNITHYSTULN BLY 1D IUNUNNA DY NI5bASUUNULNA D

o w o

(colostrum) TudSunaiiiesmewazsinimdinaendutadedfyigadonissendinvesgn

o

Y av vo | & a °o § v = a4 A v I3
?jﬂﬁ Waﬂﬂ’]uw‘lﬂﬁ‘U@SWQi?@Li')f\]']ﬂﬂ'ﬁl,ﬁill MCT Vlﬁlﬁ/i’sjjﬂ?jﬂimmmmzmaiaiuuammﬁLLN

)=

WNTu nNsAnwnaeunuitgnansiudusavsiinuaiunsalunsudsduiiomdniiae

unvadkuargaumdedldfTy Felidswudaglisundanunasaisemsiidnduintu
wadslasunliduiunddyannuaans senedesiulsaiawenieg Tudiusnveamsiinlyg

o
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nuATeNUIINaEEy MCT Tuemsuignstisferesnisiaiosdmalignansiisammanie
anasuaziimaaiaivladiaty Tnsanglundugnansimiintdes (Prado et al., 2022)
2.4 AnganvasnInaeInuazayius (nflwesealuluaaisn) Tun1sdugadn

nsnae3n (Lauric acid; C12) ¥ udunsnalufuaionats wazeyiusveasiuegis
ndwesoaluluasisn wief$3niulude Tuluas3u (Monolaurin) lesunissensusgng
nhernasnuantilunisiudegadn dauueiidouarida Tnsameliluaosudaduansd
Annnssanivesnsnasiniundiesea dedndigninisdanmitsuusiniinsaasinlugy
dasy (Pluske et al., 2018)

2.4.1 nalnmsvhanerdssaduuaiiieresnsaaeinuasiuluaoiulilunissudade
@dnAemsvhatsaaaysalvendeiuead fufanssnIsunsnTusazyhatederuead
udrunilsvesfanssuvesnsalusiufenanun uaudindisaisanusedeiy (surfactant
properties) luianavesnsnaeinuasluluasiuannsodummsndlutulwiuvoadorumad
(lipid bilayer) souidpqadnls nisnseviddmalilassaircveadeuead oanm, i

o w

AMNELNTaLUNISTNNIU (permeability) wagyildulsynevdnunieluwasialuassnun

(%
v w1

Fauhlugnismevessadlufian (Pangprasit et al, 2020) Snvisdsapdudaoulesinasns
NAanSuvesliBuUATidy osthensnassnanunsodudsnsineuvenevlediisnduse
N5AS 1T TadUaILUATILSY 11U 1oulesl MurA (UDP-N-acetylglucosamine enolpyruvyl
transferase) sutoulsadanilsiifiunumdfalunssuunmsdansisimiseadvoswuniis

vindfissufAsertuneunsnisuiulunisasendswaaluilalnanau (peptidogly -
&

L 14

can) ¥9NANL THI L UTUNIUNTEUIUNITAS WA UTRNTad nlvnuariseliaiunse

WwiAulanazuusmlaniuund (Borrelli et al., 2021)
2.4.2 Mmsdugndenalsadfgyluans wudinsnassnuazluluaesuliussdnsanluy
- a v = a & o &
nsfugudensalsnnasisanudemenmaasegialugnamnssunisdesans ludagiue
1254 PEDv (Porcine epidemic diarrhea virus) sulisaniivudenyiudulediu vililasenis

gnihatemenseaeInuazliluaeiu NMSANYINUIINSETUNIAREINENNTAAAANNAINNTD

Ly | a

lunshnieves PEDv 16 uenaini viddearandstiuduin luluaesu dussdninmaslunis

(% 1%
v 1

Jasiunisiine PEDv lugnans laganunse dudsnisuusivethifaniounsgisanainusu
wwigInsvieads wariuaiiuenveiala ananneniemsvianvdaldlagelifale
(Zhang et al., 2022a) WU Streptococcus spp. Feduiislunguiiduwuaiiiounsy

TReyradlsatadniay Wernauesdnay waznsiawelunseualionvesgns

P
UINTILUUA LR
5

1%
v v A a v [

ﬂiﬂaa%ﬂﬁq‘w UL B Streptococcus Maﬂaﬁiﬁmlﬁaéwuuaﬁmm (Matsue et al., 2019)
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g & A ~ A1 Y a a o a
wag Staphylococcus aureus \Juweililunuafiissunsuuinineliinlsalmduazn1sin
WORAN99 NTANWINUIINTAADINANTEUTINITRTEAULRVY S. aureus lasvinliaalin
nswWaguwlamedugiuinewagiatganuanysalveuouwadlnensa (Borrelli et al,,
2021)

2.4.3 WluaeTulifnenimuaznalnnisesngsimuigausgadsdmiugnansluge

= < = My 1o & £ ' 1 1% ¢

Anuy Wewnluansiianunsasenguslaviuiilaglidndudesiunssuiunisgesmeioules
lawa (Lipase) @slugnansivdoussuuioulasiiidaimunldfiun dwalmuluassuluasid
UszAnSamgalumsiaty wdadueiasasulunguuunauny vsendenuy dwmiugnansais
anuy audluuenuideenslinunalaenssvediluasiudesnsnsiasyiulavedgnans

wailsluaeTuilunumaAglunisyiganainugulsiveseINsviends wazduasunisiuy

a

lasaasedld Wneaniznisiuiianuenivediala (intestinal vill) Aignyitaneainnsniie

Y

'
v o v A

1254 PEDv EﬁqLﬂuﬁﬁmammywﬁﬂﬂgjmiiam%”?mLLasmiLﬁﬁiy,LaUImﬁﬁiuixazsm (Zhang et
al., 2022) lusunfiduiu luluassudeidduaisnsvinuvesssuunfiduiulugnanside
Zo PEDV Tngnuinnistdlaluassudaenfinsuauwad sinidonu1a (leukocytes) uazdlodly
a (eosinophils) Faduiwadddalunsnevauesanisinide wenani luluassudae
Uunsaumaadunisduwmesineseu (interferon pathway) daduszuudasiulisandn
193319n18 AmaliIMeansaiudnzaunalfsaiEaBtu (Wang et al,, 2024) ludu
AdAiluagansiueyadasy wuinluluaeiudlgansenurad blood urea nitrogen (BUN)
Tunanaun Fsaeioudsussansnmlunisldiusinvesssmediaty Snedufiufanssuves
ulwilinueuyadasydiday 1Y superoxide dismutase (SOD) ae catalase (CAT) Tuidon
wazaildluey miﬁmauy)aﬁaﬁyma'wﬁyﬁummwﬁ']ﬁ’aﬂumﬁaﬂmwLﬂ%maaﬂ%m%’u
(oxidative stress) A ARIINNNTAALY DUALANIIZAINLAT IANNITIN WA 9 (Wang et al.,
2024) Tawasy luluasiudaduarsemsiasudifiusslovdlugsivgeuresgnans 4ae

iesuaasvuugiAuiy anauTuLITedlsaiaie naenuduasunsHuavnmalduas

q q

a

UszanSannissasaiulaluszezed 39Ul uniadonin lun1swauInIsIanIstawuInis
v

o

wazaunmgnanslursudagiu

2.4.4 MInssuvesean-naesealuluasisn (A-GML) Aeaunavesqaundluald

9

a6

(gut Microbiome) Lilasaufiunisiasunsaaesn dunuimdAglunisuiuaunagfunidniu
nalnuan 2 9 Av
1) NSV WYaNDLTALALMNTS LAGLANIELT DLUATILS UWASUUIN FIYI8AANTS

a a dy J A [y 1 a
wigAulnveagonalsaidufunassuun1aiueInis
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1 a o

2) Mmsdaaiuaunmald densannsdniaukazianainanuLln e N

'
o v A 1 b4 a

oY = & o 19 = ! a a N ea &
a'ﬂ,ﬁ "?NLﬂu{jﬁ]‘ﬂﬂﬁqﬂmﬂsﬁqEJ?ﬁ'Naﬂ'TJ%LL?@@@@JWL'Vill']%ﬁllW@ﬂqﬁLﬂﬁmLmUimsU@QﬂaumiﬁwL‘Uu

Usgloilluald

NMSANBITeL Li et al. (2022) Anwlugnansvguunudinisiesy o-GMLyiely
Tuae3u Hrewfiuamgsvesiala (Villus height) ludldidndruagtiunazlodonldodiedl
odndey uenani nsldnsm aesediumsvhemedflnduiuweaifey (C12-Ca) fAthesiia
mnugs wazamniwesialaludldidndruleidenldiduiu misdldiauysaiuazudas
Predlosiunisgafuvesansiv uszdelsaddnivuadon aonadestunsannssniay ua
amzinfunoondiaduiiled@y a-GML Fetheiusyiulelalatifunissnau (IL-10) uazan
lelalasifineliiAanissman (TNF-0) ludfu uenanddudinianssuveoulesifuoyya
das¥ (glutathione peroxidase) LaranasuId nElAsERDanT ATy (Malondialdehyde)
nsaamsdmausaznMzassavilianmandeuludlddenan nivlavesgduniens
Uselemiannaa (Rebucd et al,, 2021) TngraainnalnsansfidwaldiAnn1sasunas

} %4

ageldedAgluesdusenevresrfunidlualdgnansvguuiiaiusie o-GML lnedinis

a

W g ugeshuafitselulndy Firmicutes wazd1a Lactobacillus AU Blautia & a1 ungu
Aa A oa L% ) = o i a J £ a LY oA
LLUﬂWLiSWN@Wﬂi@iﬂ@JUﬁ’]BﬂU (SCFAs) %QLUUﬁWiWﬁQLﬁiME‘ﬂﬂ’]WﬁWIﬁ VUSLAYINUNUITUNTT
anasveskuasululngy Bacteroidota tag Campilobacterota 59uf931@ Campylobacter
= & & J Lo 1Y 1 Z a a a 1 [ ¥
Fadugenalsa wenanildsandndiuves Eubacterium rectale Vl@']ﬁ]iJNﬁLﬁ‘EJG]EJEj“UﬂWWﬁ’IVLﬁ

(Li et al,, 2022) satdudsamnsaasuladnmsiasunsnaein wagluluasiulugnansyieusu

a a

aunagdaunidluanldlaegeiiuseansain waunalnnisdud wiianelsnlaenss saudunis

duasugunmuenilidlduazannisdniay Sas1sannziandeuivuauligdunidndu

q

Uselegtiasgyaulnlanau

2.5 Illauauundusenanigveasszuuaulauauuuaenlugngns uae AuauUAiiu
NIANLEULAZATUIYLADETLURIATANAN Y

lugnamnssunsnanansyalndyatunisannsidenuiue Mswarmnansiasy

ada a a P (% Sa

AINTITURNUUILANTAINWLN @ﬁ\‘iLﬁ%ll?j“lJﬂ']WLLﬁ%Lﬂﬂi@ﬁ]i’]ﬂ’ﬁi@@ﬁm@‘ﬂ@\‘@ﬂaﬁi Taglanny

naundumdnusniies dodulandideffinudAgednsde arsatnaindeyms (Hemp,

Cannabis sativa L.) §agaulunigaisusenausangniniedinmuvaiengy saudengulnle

va

wanuIduaes (Phyto cannabinoids) lasuaduaulaiiuuindu ilesainaaaudaq
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v [y

NAINYANY 119N1TAIUNITENLEU (anti-inflammatory) A1ueuadase (antioxidant) kagnis

USuaunaszuugiiauiu (immune modulation) nalnniseengnsvesasinlauauurtuess

q

druntlafnainnisyineusiunussuuteulauauuduess (endocannabinoid system; ECS)
Faduszuudygradinmidegausssuritusiiniednd ssuuddunumddglunis

AIUANNTINBUAUDIMYIANTY N158nlaU TIudansshwianuaunaniglusianie n153de

9 9

lugnsuazdnineasdu q nuitlilauauuiduesdaiunsayigannIsenaukazAILLATen

a v = < v o W o v PN a a
3neendndu Fududadedridnyiidieusuleguainlagsinnagiiuussdnsainnis

o ]

Wigdule uenand Inlawauundueeddiduasunisviuvesssuugiduduiasydiean

q

HALFEINNTAAT B IUTEUUMGAURIMSLAZ T8 UUBY 9 PasAnauURmanll asainandsy
gedudunisluddeniiuiauladmsunsiaurdndugiomsasuiasdiienisguainly

'
[

gAaMINIILENs telAnnsifwgiididusasannsfiemenfTuglussozen
2.5.1 Wilpupuindussauaznalnnisvinusiunvssuueulawauundusenlugns
szuuieulauauinBuses (ECS) Wussuunsdemsseriaeadidudaulusamedniidesgn
MUl SUEeENs Hunumddglunismuanwazshvaunan19e3sInen (homeostasis) ¥4
$9MY WL AINBINDIMIS N155USANNAUYIN B3ual wazNITYINIWBITEUULTANiY
(Rocca and Salvo, 2020) svuuliUsznauday 3 daumdn 1¥ud
1) fsunAuuduosn (cannabinoid receptors) fiunanil 2 wiln As CB1 uaz
CB2 (Cabral et al. 2015) Tngit 6%y CB1 wuunnlussuulszamaiunans (central nervous
system) LU aues npdlunumdidglunisamuaunan1sdnusyam (psychoactive effects)
ANNBEINEINT ANKITUUIA MsiAdeulm Aumsed waznsiiens (Cortés et al, 2023)

wenaNiiisu CB2 wuluwaavassyuugilauiu 1w B-cell, macrophage siufiaiilowdodu

q

v

Uane99319n18 10U 113 Aouveuda wasnaugaagiinuiuaug CB2 Junumddglunis

q

ﬂ%’UﬂWima‘uauaaﬁuaﬁzwQﬁﬁuﬁ’uuazmmmizmumié’ﬂLa‘u (Cabral et al., 2015)

9 9

12

2) ulalAauuduss (endocannabinoids) lWUANSNTIIN18AS 19V UL DTV

v A

AUAI5U CB1 wag CB2 fog19d1AyAD anandamide (AEA) ag 2-arachidonoylglycerol (2-
AG f9819d1AYAD anandamide (AEA) wag 2-arachidonoylglycerol (2-AG) (Donvito et al.,
2018)

3) Loulwaifi vhuing duasiziuazaansioulanauunduses (endocanna-
binoids) HunumaAglunismivauaunaLaznIsvinuvesssuueulawauuduees (ECS)
TneeuleslivaniazadraasviansansdeUssamitidnuziuanslasiu Fahudddudads

dyaaluszuu ECS iiashwauaunaveseniglunalgssuunessuuyseam ssuy
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o

AfiAuiu wagszuuduiug ludiuvesansainandyys (hemp extract) wuinUsenaunaelu
lauauu1Uuees (Phyto cannabinoids) 11A371 100 ¥ila Gﬁqmiﬁlﬁ%’umiﬁﬂwmmﬁqﬂLLas
duatseongns na'n léwn Cannabidiol (CBD) uag Tetrahydro-cannabinol (THC)
Cannabidiol (CBD) Lﬂumimzjﬁqw%‘@iaﬁmﬂizam (non-psychoactive) wadlAuauUANI
ndineniilaniu Wy fun1sdniau dueyyadasy wagtisanauianina lag CBD
gangnsiunalnfidudou wu dsvriauauundusedsinnis (putative cannabinoid
receptor) wiagildnuwazyaiugnIsuiiunneinsandiu CBluay CB2 us GPRS5 funuivily
sTUUUsEAMULAYSEUUMGALeIMS Hdaumisidestunisiuianuduiisuaznisdniay
saudsnalanisas sinealuanlduazauss wag transient receptor potential vanilloid 1

a

(TRPV1) yihiiinnanaundyiviainnanguariused@nsaings (Cancino et al., 2014) Tuvay

) U

fi Tetrahydrocannabinol (THO) \Juans7i dgns s e3nuszam (psychoactive) t{ulushiu

Foamalesauiivihmiiinsisdutazaiuauamngiisisnsuazaiuidniiuiin uazduiu
#13u CB1 lnamss ilsiiineIn1smouauenIUsEa LA Ng AN 9 v09519n187
Lﬁmsﬂ’aaﬁ’umﬁufﬁuaﬂwlmLmumﬁuaaﬁ' (Opyd, 2024) WU 3 @11 Tnsnnsvineu
srufuvesansusznousieg lufges nelilaueuunduess westu wasraluess folwiin
UsingnisaliiGandt nalamsvhausiuvesansvansviielua suauuiduess (entourage
effect) Faidunsiasugnid siuuaziu ilrarsadalagsudusrdnsningandinisld
miﬂizﬂamﬁm"] (Rocca and Salvo, 2020) dwsuluans mstiegvesmiasunauundueeniy
wad Susauuau Sslstinseuu ECS gradunumlunssussanatasduasunisinemsia
3nme (Cunha et al., 2024)

2.5.2 puaadaiunisdntaulaziueuyadase nalngnisdaasuguningnans an
ANTWINLAA Iﬂ&JLawwsﬂq'mfmﬁ’ﬂﬁaﬂ TAHBAUN1I8ATHAINAISUTUA T AU
anmwndenlnl mshinide wazmssniay %dﬁﬂﬂﬁm’agm‘%amaaﬂ%mﬁu (oxidative stress)
asaftinaniywaasadaniunumlunmsussmdgmivaniinalasg

1) nalnn1saaunise ntd@u (anti-inflammatory mechanisms) U0 3&19
Cannabidiolic acid (CBDA) § e1duansaaguaes CBD funumadglunisdudseouled
AelimAnnsdniau Tneamzieulasl Cyclooxygenase-2 (COX-2) Fudiusmdnlunszuiuns
DNLAU ﬂﬁ']EJﬁ’uﬂfjuméhumié’ﬂLauﬁlﬂszialﬁmaaﬁ (NSAIDs) (Cunha et al., 2024) wonanil
CBDA deanunsausuaunaveslalalail (cytokine modulation) lalagnisaiuaunisiiau
youwad T-helper (Th cells) Inganniswanlalnlatfidaasunissniay wu IFN-Y uag IL-12

AMnwad Thl waziiunsuanlalaladaiunisoniay Wiy IL-4 1nwad Th2 nalndvieannis
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novaueIn1senausunseiululusanie vilvinsdniavatuatuazanauidenieves
{Wede wasnudndn CBDA dawhwihiduasinueyyadase Faiganmnuasensenndui

NNANMTBNLEY Arenuiignslun1sAuaunsinuvesssuugiauiundudoulaesiuns

9
(%
v v v v

nTzAuLazdudIiasuag 9 Tuszuueulanauuiduess (Endocannabinoid System) $2ufis

9

N13N3LAUAITU PPAR-Y 71938AUANNIENIaULasLUI U laduTesas Inedlauideaign
ganudn CBDA 81adunumilud1un1simuleoyduniduaziigana1n1suinnaeniue 1n1s

ﬂaiﬂ,ﬁ ‘UﬂLﬁiiJﬂ’J’]ﬂJLUulU‘léﬂUﬂ’]{L%L ‘lJEJ’Wﬁii?,J“U’W]ﬁQJﬂﬂEJﬂ’]WVI’Nﬂ’ﬁiﬂ‘lﬁ‘lﬂ@ﬂ%‘maﬁﬂ‘Via’]EJ

= a

Snvie CBDA Safudumsoongviiiddnamgslumsannissniauegieiiuszansnin iy

[%
Ly

msfudaeuluififendes Usvaugavaslslalad uasdaeiunsyhauiivanzauvosssuy

v

piiduiu Wnglinalmfanatiafeamadnusgaminuluans THC Javilnduanssssuwi

Y1auladnsunIsWaIuInIsS N e lsAT LA 839990 UNISONLEULAZAIURAUNRYBITEUU
piiquiuluswian (Donvito et al., 2018) wagangasluunUATEN LHBIIINNILATEANTS

$1me wazdnlavenseiumsvdseesluunosinea (Cortisol) ddluszazanavnaniduiunay

q

[y

duasunIsnau WenarsannsasusnswAuluiywluansssesju-guaunnansyau

S

a

gosluunpsaveals (eAfNA uagAMy 2565) N15NTEANTTUUNT

Y

[y

ANUIN ﬂ’]iLﬁ‘iﬂJﬂ’]ﬂLllﬁ@

o)

ﬁ@ﬂqiuaﬂwwiqﬂwshuummmLﬁmzéfugﬁﬁmﬁ’u loM uae g6 1 FudunananduaSuves
ashilaupuutuess wagnsUTuadnavessyuuninuiulaes iy (WA wasauy 2565)

2) nalan1sAueuyadase (antioxidant mechanisms) Tasansnguiluadnuazy
a1luegalungys 1Y cannaflavin, kaempferol kag apigenin AUsEANSANgslun1sAngu
uaranUinueuyadasyluinievesdsd®in lasanamariauisauinalelasauuieyya

dasy MU isegnlavinebiinmnudenieselvaddugaa (Casedas et al., 2022)

Y

[
o

uana N msé’fvmnmﬁmuua@mvﬁqLﬁmﬁushuﬂaiﬂmsé’ué’j’j«,aulszjﬁ Lipoxygenase 34:du
Lau"lfzmmﬁmiuawsaawmamé’uﬁﬁQIMLﬂﬂmiamammmmmaumaamu asfuednlunsy
gaanunsaduivlesswrennin @adulaurnmesveseuley) ilneulsildanunsavhauls
Snadsannsaduiuleseulansidedou (chelating- transition metal ions) Fwanaudedly
mMaAnUFATe1een@indusitut§ATen Fenton uay Haber-Weiss lé8nyanils (Nimse and
Pal, 2015) Fadnndosiu Figure 2.1 ansuanurdussslngianiz cannabidiol (CBD) fqns
AueyNadaTzuaranAAIenandnduluwad Tngausavineus1ufisu cannabinoid
wan ldun CB1, CB2 wazfasudu 19U GPR55, TRPVI %a%hamuquﬂ%mmamgaﬁmz
(Reactive Oxygen Species, ROS) AAnTuneluad uenani CBD A1113aNITAUNALNNIT

Ausuyadaseluiianieg lnedwmanonisiiuseauveauluddiAny lawn superoxide
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dismutase (SOD), catalase ua@ glutathione peroxidase (GPx) & 43 %117 lun151U4 o
reactive oxygen species (ROS) fiidusuyadasy Tinareiduasiivasnds 1wy 11 (H20)
wazoendiau nalnilvisanainudemensigad WU nsyateidule n1siin lipid
peroxidation ngluBeriuiad uazanmafinnnednaudassfifsatoaty oxidative stress
nsLEsu CBD Falifnan nlunistesiunazannanssnuannANLAIEnoanTLATY L@suas e

[

guaAMuazANaNysalvessruugiauiuludnd uaz CBD fullnadududunanisdedyayiun
NILAUNITBNLEU LU N15AANTAI9 cytokine LYW Tumor Necrosis Factor-alpha (TNF-OL)
Larann1391191UVeY NF-KB, Cyclooxygenase-2 (COX-2) Fuluinansdrdgylunssuiunis
[ = v a o = I t4 a a

sniau Feasuladn CBD wazansuauuiduegnay o dumuiniduaisitueyyadasendae
Untosgadainanuideving YIsann1seniay kavduasuauamveseadtiunalnnsAIuny

ROS LLazLﬁumqé’mmﬂmmﬂumaﬁaéwqﬁﬂizﬁw%mw

4\\

CB1 CB2  GPRS5  TRPV1

1 GPx

\ soo ?Catalase
\ ‘ Y = H20
@

/

ROS ’\ TNFa

Mitochondrial
dysfunction / MEK\ \ ! coxz\
N2 / l Rk NFxB - pGE2
P P38 INK
2 \ INOS = INFLAMMATION
5 PPARS l DNA Modifications lipid OXIDATIVE
& I peroxidation cell damage STRESS
HO-1

Figure 2.1 Overview of antioxidant property of cannabinoids, especially CBD, have been
shown to act as scavengers of free radicals via neutralizing the reactive molecules,

preventing them from causing cellular damage. (Hassan et al., 2023)

1% & [ a 3 [y 2 Ao o Y @
W’JEJﬂa‘lﬂL‘Wa’TL! ﬂ?iﬁﬂ@l?\mﬂLLﬂu‘L!'TU‘LlE]EJG’]"U’]ﬂﬂﬂQJfU\‘i"D\‘i@Jﬁﬂﬂﬂ?WfﬁjﬂUﬂ'ﬁuqmﬂﬂiLﬂu

arsiasuavamdmsugnansdmnusniintes tneviauiiudussuuieulawauuiiusen

Y @

Y945°19M18 FUYUTTUUTAIUANANAANINEITING WATYILANNINDUAUBVBITZUUTANY
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I

MmAuauTndulugvuuurensdnay sunsisunlesgadainaniisiasunaandndui

WudadedAgfinnaunissendin wazdwmaaunaussdnsamnisiasadulalusseziusu

v 9

Y9eNgNs NsAnyITeLTadnneriunalnmsesngnsuasnavedlllawaunduselugnans

Y a

umdnusniiades asdussdnnuiiugiuiddglunsiauinasyssyndldndndueian
s3sumAdeldnenlunisannisldeufuglugnamnssunisidesgns diedaasunin

gagunavaunmdnilussezend

v 1

2.5.3 natnn1svinauvaalilawauun T uss AN uuan 9 ss U UL UlALAUUI T UBE:

<

LIMIMsaLESIiauINIsvessEUUNINAne I skazniiauiulugnansszusgau

anansluyiswsaiia nglamenguandnsumdnusniintes (low birth weight

piglets) 1unqudianus9u19g9 1T839 N sEUUN RN I Ska ST UL RANAUS W

Ilaiauysal vliAswomspndeluszuunaiueims inoinsvieads waelidhiinisson
Finen ansafinantyusfigauseasoongnimstanm Tasewigllauauniuess (Phyto
cannabinoids) lakansdneninlaanulunisdsasuguaingnansiiuyinauswivssuulou
lawauuItusgn (ECS; endocannabinoid system) G’ﬁﬂLfJuﬁzwﬂ’qummqamaa%ﬁwm
ddyrosinniedn ssuvivimihiiuedoriedoasssnieadifieinwaunavesinnie
(homeostasis) (Donvito et al., 2018) suudnuldludnifinsgn ndundmnvin siudsgns
wazflunumdiAglun1sAIuANNTZUIUNITNITININAIR9 LPU AI5ENEU AU
szuuRAuAY kagmsyhiuessrUUMaAue g Ingasdusznaundnves ECS Agades
funsiutessEULaRLe TN IAaenval fsteasiBondial

1) msannsdnaulugild (reducine sut inflammation) n158nuaufinilaanld
Huamnddgivilnisgaduasovnsanasiasiinonisieads lawaunduesd 1wy
CBD waw CBDA fignantfidulunisfunissnaulaefudiouleifideliiAnnisdniau n1s
anmsshiauiteitunanmvediala (vill) TudldlFndunanysel dwalsituiiindniuge
Fuasemaiindu uazdrelignansidfuansomnsnnituuwiegnadud vonand lula
uauSuesddite Uiuaunagdunigludld (modulating gut microbiota) Faidutiade

LY o

G mmamwué‘[mamﬁuqmmwﬁﬂé’ (Brown et al., 2024) 991 Inlpwauuduasn 1wy CBD

o

Wy THC a1u1sailuin139un1uvesnidsald (gut permeability) MHAUNAT wAnaINNT

snwaulvindugn1izunila (Cohen et al, 2023) lnaieulosvadfanssy ECS dauduius

=

LUUARIN14 (bidirectional relationship) Augaun3dluald naife ECS Yrodnasy

[
a 6 1

amwumaawmmuammaumwL‘Uuﬂiﬂwu LazRAuNIoNAmaIiaunsoduasunis

¥amved ECS lumanduiuld wenainil ECS Swneannssniay wavaisan1ieiisonanis
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TRy UeRAuUNIdaluvnzandndiugdunidnelsa (Srivastava et al, 2022) Feapnnavsiu

v a

Figure 2.2 adugunumvedlWlauauundussnaindyeseiauniussuueulauauuiusea
(ECS) Fa¥rgduaSuiauinisvesssuumaiuemsuazg i uiulugnansyisgauy

Inglan1zgnansuIminusniina11iauUs1gu19e e 18992 UUNILANDIMITUAY

Y v W

piiduAudsliimuAud wuinszuu ECS Wunismuauaunanivassingilusianiednd vi
wihiduesenedoansszninaugadiiesnwnisaunavessinie ashlawauundused wu
CBD, CBDA, THC agzduganisonauludldmenisaneuladiinelminnisoniau duluniu

afifuiu Wlawauuidusedasyinanulagnsydudisu CB2 Neguuwaa)iAuiu wu B-

9 9

= v 9 a =
lymphocytes, T-lymphoeytes tag macrophages 99403¥AUNIIAINLDUAUDA IgM LAy 18G
dsuAuLduswessruugdnuiulugnans Waelignansanuisasuniuielsalafa
Tagsaual nasvinaueeslilalauuiduseasiunvszuulaulauauutuosAY 8 dLau

4UNINGNANTHIUAITAIVANNITINLAY UTUANARIAUNTY AUaNITINIUYesald wavlasy

CYRRE 4

sruuiiANnuag1aliusEansam

q

q

2) n1sAruANNISLAE eulnessld (Regulating sut motility) & g1 8 umndd elu

=

WnangnanvesnuiTelfgoan1s@n®iAuna1naIeeIUsevInIaunsgaiumaia

o
a v o a

Next Generation Sequencing (NGS) DAV IA11T00 AU UNANALTID DUVDITEUUN LAY

9 sUsBAUNIAIUANNSIAAaulveanld (resulating gut motility) Tae#l ECS funum

Tunsauaunisfudavesdild n1svirnuiiaunaved ECS Frglinisiedoulmvesdildidu

U

Uni andayvvasin visevietdeiiinannistumiinunild (Zheng et al., 2022)

3) NMsANATUTEUUNANTUYBINANTY9RAUN (Immune modulation) N5

Y 1 Y 1

daasuszuuiiduiuvesgnanstamaun gnanslasugiauiudiulvaannuuiimviosvasu

Y o

wiszuunlAuiuvesiesdeiadldianlunismun neanizlilauauuidusedaiunsatie
suastasuasenuudwnswessruugdauduldniunalanisusunisiauvesead

2dAuiulagnse (direct modulation of immune cells) Iagdlfa35u CB2 Fearunsanula

9

(3 ¥ a

MUY UUUH IV LYRE LUz uudA A U B-lymphocytes (wadasiawauiven), T-

(Y v v

lymphocytes ag Macrophages n15% lllanauunduseaid ludunudsy CB2 a@1unsn

[
a v v ¥

UuiAsumevhauvensadivanildlnenss (Simard et al, 2022) Bnvisn1snsedumsads
WOURAUBA (stimulating antibody production) %ﬁdamﬂlmzé’uqﬁﬁ:uﬁu IgM wag 1sG lag
nalnidululdde ms‘ﬁLmumﬁuaaﬁrﬁﬂﬂﬂizéjumaé B-lymphocytes W1usasu CB2 vinlu
waduusiauasiauluidu plasma cell ivminiindnuoufived (gM waz 19G) leundu

(Simard et al, 2022; Tanasescu and Constantinescu, 2010) & 9@0AAA BT UNANITIT VDS
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Jui wazanz (2565) WUINISIERNNINUAAT Y YIlUANIUEUNTANTZAU IgM uaz IgG Jauana

P & o a a ! a & &
NAUAUNUNLUILLIIVU IWEJ |gM L‘UULLBUW‘UQWWWULLiﬂIUﬂqsmaUﬁu@Qm@ﬂqifﬂﬂLSU@LLagL‘Uu

DN

Y
Y @ [

piiAufuvanlunszuadon N1sisey IgM wag 186G gelatheiiunNuanIalunsdediue

Y

lsalugnanslaegnadivsednsnim

¥CI

( Barrier function )

o~

- 4\ / o . '
L

N

. ®

v Immune function )

Epithelial-immune
crosstalk

Microbiome-immune
crosstalk

¥

Figure 2.2 Endocannabinoid system (ECS) interactions with barrier, immune, and

microbiome systems. (Cuddihey et al., 2022)

2.6 walulaglulaseuuavgiatulagnszuiunsiuisiuunurasdvunandudiiasy
f9uEns

walulaglulasiouualgiadu (microencapsulation) ABNTEUIUNITATIUATE
dostuvuadnluszdulilasiuns ilevieuasoanqns (core material) e Yaguisviovy
(wall material) Figure 2.3 @918Unlasansdrfgyainaniizuindoud lifisUseasd wu
AuSeu mnuty sendlau vieUfAseneddy o lunsuanewmsdnd meluladlulasion
LLﬂU?gLa“quulﬁﬂaﬁEJLﬂum%@ﬂﬁ@ﬁ’]ﬁtﬂﬁiﬂﬁLﬁmﬂi%ﬁ%%ﬂWW%@QﬁWiLa%NIﬂﬁljuz anNTaRAY

a a

@1508NgVd wastiemuaNn1sUanUdeyansegaliuseansnmlussuunmaaue msvesdnd

A 1 v o a

nildluisnislulasieuwaugatunlasumnufisuuasioiduaiian fe n1syiuiwuuiurey
(spray drying) Badunszuiunisidsuansazanevsoasuivassluglresviailinatedu
NaWelAeg193IA57 AensHuveamaIIdieseuwianligungiigs inlviazestveumad

- 1 < 1J Aa a ] o/
53LMEJU'W@EJ’]QTJ@Li’JLLaSG]ﬂﬁ]%ﬂ@uLﬂuawﬂﬁﬂluiﬂi&lﬁﬂuﬁﬂllliﬂiLlIG]i VISJﬂ’JWiJLﬁﬂEJiQQ GRIEAY
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12 [ '
A v A

nsruIUMITIusLUUUkeeldveddsd (1) aunsandnansiulasiounaugiatunivuin
ashauauazauAulsl (2) Winegnsiiuinuvesansidalasannisaatei (3) dreuntes
asoengvisTInAITuLazeendiy (4) Tduunsrdndiileisutuislulasieunaugiady
sULUUBY 9 (5) wzdmiunskaslulTmnannnuazasnsauivruianszuaunsisde
feu welulaglulasieuwaUgatudenmsiuiuuuudosiaduisitussansnmgauay

winzaulunITRIUINERSUIES N1 SER (PudZiuvelyte et al., 2025)

Multilayer liquid - J Shell —
crystalline microsphere

A B
Figure 2.3 Structural characteristics of the emulsion before spray drying (A) and the

microencapsulated powder following spray drying (B).

2.6.1 ménmsvhauvesmaliladaiUsoass Wunszuunsuusuildsuanuioy
gilunswdnlalasiounataa laonssuaumsiUsenause 5 duneuvdn fedl
1) n19m38uv031aa (liquid feedstock preparation) Dudunouusnuazd A1y
fign ngthansoenqudfisosmaieriu (W nanluduatonans asadndyw thifuveussive)
wnnanfUTanuil (gu sealmandviu way Tusiu (us) Tusvhazans @ndugiindu
WeadraduaisazaredeifoatuiiFondn S¥adu (emulsion) 3o a1suvIuaDy
(suspension) Tagristades 2 Useifiu ununana (core material) Aoansoongniiisndesnis
vy 1 dnfuneusse MCFAs vieansadalnlauauuntueed Wy wag a1sedeu
(wall material) Aoansiviminiidunisimsieuununaly dlvginduaisngs
aslulawnsm (Wu vealanndniu) wielusiu (Wu iadw) farunsoazatsiild Riadini,

2020)
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2) msvhetaduliiduilewieniu (homogenization) dhdunauvoanalInty
9 a a ¢ . Y & A o 9 v % W
men3edlaludluiwes (homogenizer) AeANLTIEe WieviounIAvIMNUNATS (U15W)

(% 3 [ ° A %’ = @) :J’ o w a 1

nszaednduneaans wazaltanoluaisieaou (U1) Jududunsudifgyidinasoniy
iwdesveddatularUseaninmnisvieniy

3) n1snueley (atomization) veanaidiaduinieuliszgniudiginesiuia

1 1 1 v a < o Y a
WUUNUH©E (spray dryer) LagNWUNIUMIAATUIALGN (nozzle) lianduazesslos
= £ v v ¥
azuanszednlUluisseuausou
° v | & . . & o ' R

4) NM5¥U199E19590L33 (rapid drying) aveainegruIAlaNTIgNTULIEBIDY
rlasumnuseuainauseuiloamaias wu 190-220 °C viliinluansinfioussimesanagnd
590157 Fagwisasienisudeinazasiadunseyniauisi usznaunieaseangnslu

<

Lmuﬂmmgﬁml};’as}wﬁum (microcapsules) msmumsv‘mﬁaaEi’mmmﬁaﬁmuqzyuﬁ]ﬁﬁ@
ﬁszhs;l%’mzn@mmwmaamiaaﬂqm‘éuazammu?{amamqmﬁﬁamqmamw
5) A359UTIUNEAA I (particle collection) dlofavhazatesemeeanty oz
Aol B INaLAIIUALan (microcapsules) ﬁqwgﬂLLsmaaﬂmﬂam%fauuaziwsmimsgw
lelaau (cyclone separator)
2.6.2 i iamsinenaansiendes MionisusdugnininuagUszaviamue

wandnurlalasieuuauga Al

[
v A

1) frinAnnmMYaediaty (emulsion quality indicators) Usenausie Auiinis

1%

<

gj a o @ . . 4 dyo./ = a v o 1 ‘&J
WENTUVBIATN/AUNU (creaming/oiling-off Index) WudAinAaRysUR DAY Inuu
fansuentuvedludunsensueaneinit aunauaan (droplet size) Lufusvuavemen
Tasfuneludiadu InswuinfidnazaneinanuanosiazUssdnsnmaesddaduuiniu wag
AINN3NT2188 (polydispersity index, PDI) kansAmdLaNavavwInoynIAludiaty
A1 PDI Muansfian1snszaufainazalilaue

2) #% Tananinvesnslulasiauwauga (powder quality indicators)

Usz@nSn1mn1svieniu (Encapsulation efficiency) Sausunuanseangnafignvenuladnsa
a (% a :j PN a I LY c’l/u o o A 1 a a
WisuAvUTuuasisuadlglunszurunisuds 1Wuaid Ind1Agnvsvonlszd@nsanasy
nszvaumstulasieunadgiadu tnefiagdeslsilunnauiiniinignmuedns (physical
properties) Usgnausaig AMNaU (moisture content) wuasd dailldiiousziiiuaiuasi

LAZeINIAUTNHIVBING dIUAILARIAYEIUN (water activity; a,) LOUAITIAAIUANNIS

5L AUlAYRIRAUNTI WAL AIULANETVOINANN 9T dIUAIUMUILUUYDING (bulk and

1% 1%
Y [

tapped density) @313 inlldmSuUTEIUNITUITALNITINATDING LagAINaINNTabY
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nsazane (solubility) 1udidinarunseuldnuresasivierudodgssuumaiuenns

(Pui and Lejaniya, 2022) uazn1suseiiuniuanuyaen1sdugiuinet lagldndssqanssadl

v
1 v ]

SldnnseuluUdeIngIA (SEM) Ilegsusisdnuvaizsuasfiuiinyeseyna
2.6.3 avufinminuazdadefiaasdieddumalulagnssuiunsvhuisuuuniudes
Tnefinufnvtveanaluladnisviuiswuununes (spray drying technology) a13nsaUs
pnszuIuskasnsmuauiladesing « Tawsd
1) Mawneuveanaitieu (liquid feedstock preparation) Sunauiiiinudiay

ag9ddanuN MvBINARduTianTNe LagdasiinnanauanURvetaseangns wse nquans
a v v . v < v VY o= Y

Mfean15Wilu core material azdaluasndeiNIsrenu Jsluanamnssuesmisdnidn
Wuansniianusizune dndulufislseasd riadasnisirinadiudedenzitdvane wu nge
lagfugnenans ddunenssine danulineniseendadu NIABUN3E (organic acids) tioli
Tueengnludnld Iniuuazussiniaalunadng wu 3918w A D uag E uag WWslulednd

(probiotics) taUnUasrnanasalunseinizenis

'
=

2) Yanuifs (wall material) {0 ua15719a3190913% 0% core material 1l
Undesuazaivunisantdesanseangns dagtudinisimunldfanivainvaisuniy
sufamanannansSanvanoviadiolilsnaauiinnainnaeuazmsngauiutmineg 1wy
nsldualmandniu (maltodextrin) fiavansihi uasdsaign udilruanansalunisadig
Sifadud Auezsadn (gum arabic) TiilnaanTRdnunisassdiadunaridudndosimdouus
Age drumsilsiunfivuazuy 1y lusiu veluifeuatiun soivihmdudiad
yhoos uasifiumiuasialinandagt SniinadenTanildannuanaosldvesgnainnssy
g Ly wfaeadBad TsAuanninanlua viedulsanidendy dunsduaiuuuin
WAsygNanWIBY (circular economy) WAYARYBLEEY fias1a(Pudziuvelyte et al., 2025)

3) ddadluleasuazdadiuesAusznau (emulsifiers and composition ratios)
nsfuusviinuazdnadiuvediadiieasiimuddysenisaidiadufituniuasminzgay
@ 11508 Tween 80 (woutn) was Span 80 (gautgy) ludndaufiunnaeiuii onnen
hydrophilic-lipophilic balance (HLB) flusinzaufuszuulusiuidanududou (nAu uaz
Aty 2562) Fedanalagnssionnuaiosnmuazaaninvessdlulasieutaya anunsa
osupiunpuRIMsAuAUgaNoalATATlauasTrIsAITe U WaR Ty Tumauusn

Ao n1sUsznaudug (Bilayer Assembly) iinaainluanavealvddaisoedaiududug

Y

(bilayer) Tnewaii woura (hydrophilic head) usanlus1uusn daunied veuusiy

(lipophilic tail) viuLtIniu i lvialassas e ugIuea e owad Tunounass N13lA990
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Y84L3%LAa (Vesicle Curvature) LlAnYY bilayer 2813 1lANBLAYIIUAD TIULTIRIRILATUTY

77
Yo %

nszanevasluanadumndnduliduiisedunseunsoudmiunstanateilunsinay nslas
! a ! ! 2 o [ [ ! a{' o ! 2/ g = 1w
Jotewseutesitanelulidmiuiuanseng q Magthluvieru wastunauil 3 n1snefives

wAUga (Capsule Formation) wladu bilayer Uasaduwranauinduneaiya nssnauilazin

z o

WAUTsasUsznaungeuln (hydrophilic compound, 29naudinku) wazudu MCT (MCT
oil, Awdeudndes) 1inelu lassassilildumegswesauna HLB 917 vinlwaunsaussgans
sangisaewliansauiulunilualya InetieainmuninwaraluaunsUanUdesansiusyuy

FINNATONAN A UNAUADINTT

hydrophilic
l compound

A=\
oo

MCT oil

Step 1 Step 2 Step 3
Step 1: Bilayer Step 2: Vesicle Step 3: Capsule
Assembly Curvature Formation

Figure 2.4 Schematic representation of phospholipid capsule formation illustrating the
balance between hydrophilic and lipophilic properties (Hydrophilic-Lipophilic Balance,

HLB), resulting in the formation of a lipid bilayer surrounding the MCT oil core.

dmsumsidenliddaglveasiunumdrdglunsauavauna HLB aeluuauya
lulasieuuaugiadulagianizideld Tween 80 (hydrophilic) uag Span 80 (lipophilic)
Samdiunesasiassindavdmadenuauifuasanuaivsvediaduiiiaty Wy ns
a$adu lipid bilayer fiiesunnunans MCT oil I¢ogsfiuszAnsain (Debraj et al., 2023)
lonauianununats (MCT oil) Yanuewy (phospholipid 3 elusiy) uazdadlioes
(Tween 80 Wag Span 80) fMeLA3Ba homogenizer finIiiIsougs lianavesdiiadlvlons

gludnisseiNRiendidulaziasuasalaseasne lipid bilayer neuen dewaliiialule
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sieunavgaiivunuin asiaue fuans Figure 2.5 uazasiluszuuiildumn n1stmua
HLB Trivnzautnetiosfunismasmementidiy anvuineynia wasiiulssansnwluns
ihdsuazUanUdesanseengrisaenadeaiuns@nyives Chong et al. (2018) wuinAnaxna
HLB fimanzan (4 10-12 13U O/W nano emulsion) aglédsiadunifiafiosnngansiy
dnduv0e Tween 80 Lag Span 80 Frpasreiuinfimnzaudniumsundesununatsiitu

WaENIINITANBAIIULN

Figure 2.5 Schematic depiction of the HLB balance and formation of a phospholipid
bilayer encapsulating MCT oil, stabilized by Tween 80 (hydrophilic) and Span 80
(lipophilic), resulting in a lipid bilayer surrounding the MCT oil core.
faulasaadslulasieusatgalununaassi ordonalnvesdiadimesiivhay
faufurunmstunaniisuuss deliAnduievufiufsuazauna aseanguiaeluldsu
nsundesuazUanUdesegsfivszans amluddatuiliades snisnisinundndiui
wsngauvesdsiadlnieasauldan HBL vediadulutig 8.5-9.0 Wuanngfmueaudmsy
msvhufauuuriules wagnslandlulasiouuatgaduiiannnazaieildd oakeauma
HLB lughaidUsiinansanussiisia (emulsifiers) flassadreiivmnzanlunisasstuildusou
weAtsTy (MCT ofl) Seiivhduiiveuih (hydrophilic) LAzYOULT (lipophilic) egludndiu

[

Nauna Freanussiiszwinaaludusaziibisasegamnzay vlidunszaadudu
NUALANS Lagnunon13TIMUled lnear HLB Mvunvandsihlrinddadusdauinlutingu
(O/w) Madies Wnsundumanisuen wasihdugnniuegluneadny dwmsulunszuiunisiy

v 1 a av o a 1 Y A Y
LI UUNUN DY ﬂ']'WﬁJLﬁﬂﬂﬁm@ﬂ@maﬁﬂuumﬁﬂﬂﬂmiﬂmaﬂ'ﬁi@lmﬂlﬂﬂﬁiLE]ULLﬂUﬁaV]ﬂJIﬂi\TﬁTNLL@%
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QJQQ‘Q 1 d‘ 1 ¥ d‘ 1 Gl o d‘ U g 901 b4
ANENTRA A HLB MwsnzautielvineiilaliasevSaunnduiieeiull awnsaazaieuils
A uaganusaUanlaesaiseangnalatudnyasneuauls lnenisidenldddadlneasagng
Tween 80 uaz Span 80 @ailA1 HLB uans1eiu (Tween 80 89 ¥OUUI Span 80 YBUUIAT
N1 wigeuLsiuaind) ludndruimunzan awnsoadadu lipid bilayer auysol wiawss

1 U aa s = 1 4% IS
waztieshwauauganeidndiniinelululasieunauya uag Yrlvnelulasiouwalyad
AMUAIFININIEATINLALLAT LU OZET) (Chong et al,, 2018; Debraj et al., 2023)

4) gaumaiauseauvidn (inlet air temperature) Jadenanfisinasnenisseiveyn
LAZNTEUIUNITUIN FIRENAINNINARBINUIIUNANN 220°C Tinandngandn 190°C oge
A v o w 2 N - a o 1 a a o
v Ay uwideuaniUaeu (trade-off) Avaunigelidwaliuszdnamnisviey
(encapsulation efficiency) anas asanluduuuiiuiang (surface fat) HUSHIMERY dana
AoRmunnslalasteulAUYa

5) gnsiniatlou (feed rate) Wuanusslunistlowraavaidiatudnginiasnu
Hoe fasuulimungauiveamgiividnielinmsssmeunauysalkaynaningilanunwia

6) nsvililuazess (atomization) ¥lnvenindnuazusedun ldlinanavuin

av o = o < Y - ! b4
WenUeddliaty FazivunrunavesdanslulasioulaUganld vunnepminsausyeli
HafldnuzallarouAslANaIURNTININADINT
2.6.4 Tadgidamsaransinvesmslulasiouiaugalagnseuaunsinuiskuunusley
Anuansalunisazal ke sauU udiatuiaies (reconstitution) feilunaauis
e Aryeddsdmsunandasiatuemsdailugiuuundlulasiounauga Tngansnindue
e lunaudineunisldanu Wy iandnsidmsugnansgaul 1NBNa1INITNARDS
aunsaszyladevanniinadenisazaleuila 3 viu loun ananuuzvens an1vlunis
azany wavosAUsEnauveIdlatuIiY
1) pudnuazvaindlilasiounalya AuaudAnInIsn nkasLAlveINanla

[

NNTTUVIUNTHUNBBAIHAlAURTIsiaALEINITal U Tazatsdn lasdesAlsznaudiAy
fatl Usznauaie 1) UszAndaimnisueu (encapsulation efficiency; EE) foiduiladed
°o v A a a v o a o a = o & a

dfyian mnUsgavsninnisvieviua asinluiudaseviseludiuuuiuinslulasieuualya
TudSua (surface fat) Feludfudiutiagdnviansduiassnirahiviagudsidnazaeinla

<

A vibinslulasieunadgaavatslasinuazileniaiinnisdudnduneulsd (Domian and
Wasak, 2008; Hu et al,, 2024) 2) A314% UWALA1I8LABS wan7iaf (Moisture and water
activity; Ay) HaNTAUTULAEAT Ay i13zilulduglun1sanAuT N wwind o

(hygroscopicity) so19tilugiymmainizindudou anuszansamnisiva (flowability)
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o A

NUIUBN

Y

wagnsnszanedifiethlunauiuin wenani mmdunazan Ay SududdindAry
il

Yaymnsintlenda (stickiness) Fedawanon1udisavesnsyuiunsnudssegeiivedAmy
uwagduiusegalnddaiunuaudfvesianmila (Pui and Lejaniya, 2022) 3) IuIAOUAALGY
AU (particle size and density) vuinauIATENkAZaLaNe NN UTIRIdUa
H o v Y 3 42( ] 1 . = 1

11 vibinsazarela$Hifu d@ruanunuiniuvess (bulk was tapped density) inasioaiy
Dendu (wettability) kagnmsaumivesuslutn FadutunsuladAgyuenszuiunisazaiy
(PudZiuvelyte et al., 2025)

2) an1azlunisazany (reconstitution conditions) L0 ULUINIINITA N

a

annzkIndeuilvlunisagaleninandaidnaoguinseladsanvesddadunfugy

=]

{esannisazangazdasddiavinasans 1wy davhazateiluuy duldadegungidsd

Y

v

AuddsednI¥nTaEatn lnenuinguvg Bueatintaesenang 70°C war 80°C 14
nadnslunsAugudiaduiiani 90°C Inslawizegsbslugrumssnwenatosvostu
Bsfadusju (turbid emulsion ratio; TER) Bnvisgamniifiguiuly ensrlilassainvedlula
sleuuaugaldens dwalilutuilvaseninuanifinnisusnduiiatu uagsmdetladoves
dadundlulasionuaUganeut wWesndadlunisuaninalasasidernundudures
voaudsflazatsls (total soluble solids; TSS) wagawLaRs sue Bty Baustimeaunse
nszeRuazavaneldiaadlaiusinarhiiiome @as, 2554)

3) 9RUTE NV AT A 36U (initial emulsion composition) Juauaudd
vesdifadunouilunudos Jusiimunamn nuemsrdnfinsianving Gedwarnenisazans

lufige 1wy ANUITNYeIaRngn e 1w asvilulasieuwalgiaty dmsunsaludy

Y

QJQJdI

anenansduduinfiaouznsaassnidudugs e lurmuas azaneun ndulinadnsnis

Ausuiluddatuiiadiosningesndanududun Samneanuiddatuiinnuasiigaasly
WANISWENTUIUTIRINT Y WAALABIUSELLULTIA NATUAINULENESTAINY BIDLaTU (zeta
potential) Ailudad indmsuiausmansenitseunaludiatu Amun (@duysal) uwans
= =l dl 1 Vv = a ¥ = [~4 a o U d‘ = vV 1
feautadesiuinndt waglddanseusaidiunwildunisaugdiluddaduiiaios!
(Wang et al., 2024)

2.6.5 mstnalulaglilasieuualgadululdlundniamiomnsdnd waluladiyle
Wity wagiiuyaen i undndaaiasuemsdnluseavgpavnssulaegiaunn taun

| o v & < = LA
1) Pradsureanalliiluvesds lnsanusaasuaiseangnsnduvesvad

wu dhduriaeige wagnsaludu Wnareluneisilualad (free flowing powder) viliidne
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'
a o

AONITIANTT TNV wagfiddgfeanunsanaudniugnsemisdnd (premix 5o complete
feed) I¥ognsuaiuguavasinaue (Estrada et al, 2024)

2) Freundesanseangniwazifiuauasi Wy asiasulavusnatsvin iy
nnfiu Loulwl vietduvensse Fsfinnalidetafouindon (was arwdou sendiaw)
wazivselenidonadenanmlusnitanszuaunisndn uasiivinwemsdad denns
sierudelalaseuualgatstisuniesasvailvinsanmuasiiuss Anamaagaaunindng
afudily iunnevestaguiihsuniesmsesngrifiegneluaniadeivivliidouann
Wy mseendindu @ududlgmivdnuedlusiuliidu) Yaedaegninfuinu (shelf life)
wazdnuamamalasunagildunuiy

3) au1sanIuANnITUanUaekasiidagidivune (controlled and targeted
release) ffousgloviniddnitanludsgnaimnssy marevudadlansiaiulavus 19y nn
lusfunazansafmanndiy ansnsandewihuaniwmadeniunsalunszimzomsiuldedng
Uaoasy wargnuanudesoenuiludlddudutmmendnluniseengns vinlsinsld
Usglevdanasasalnvuediuseansningean

4) FreUulgnuatRnisnisn e savans wialuladddelwliuae soust
wefislnnuaNTAvnanIoAIIR 19U AaamUWiY (bulk & tapped density) Bazdviin1ssnsi
(compressibility ratio) fitvangas uananidsansnoanuuulitssdafaridanuaunsn
Tunsazans (solubility) wagAugthdudiatuluiléf felinaddyedsBedmiunanfus

[y

v o %,’ ! Yo 6 [} a o 6 o (% a lej
1/|maquﬂﬂaza’mmﬂauﬂau’mam bYU mamm%aquﬂqm@muﬂumm YU

2.7 wu Mg sainaInsssafanaunue U iauzd mivangnsvaenauy

nswasuwlasnnmsidenufduniignisidansainansssunalugnamnssy

o A

ansg ﬁmi‘]quﬁmam{ﬁ’mmwmauauaﬂﬁfaﬁﬂqmmiaﬁﬁagam (antimicrobial resistance;
AMR) saufismnudesnsvesuilaaiisjatiumnuasnsovesemnsuaraaindouetadsdy
maidssgnanslutmausduszeznaniivimieiian Wesangnansdamudneunagauasd
mdssdenisinidelasianivedrebilsatonds wuinnsldasataainsssurifognad

Uszansamdaldlaissusmdumadenlunsnawnunisiderufdausvingu uadudunis

Y o

asuniAuiuazauudnswesgnansannelusenie sudanneluszauad n1susu

Y

AUNRYRIAUNSTIUTEUUNGALDIMNT wazn1TasNaunaTsuUiAuiy Basdwalignans

q

aunsasumulsanazsydulalafvu n1sussendldasannaine ssuyfegnsmangay

Iludssonduanudilafinduferdunalnniseengrsuasuumnanisldfngndes iiveliia
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ﬂizém%maqaqﬂumilﬁyaqqm (Liu et al,, 2024) 1ALUINNAITLEDNAITANAAINTTTUYIA
uagnalnniseangnifiddyannsouusesndunaong fadl 1) AR ULATNTITUYIR
(natural antimicrobial agents) 1w nsalusfuanenats (MCFAs) luluao3u wazansainiiefidl
quddunuafiFeuarlaa 2) arsdunisdniauiagansfiueyyadase (anti-inflammatory
and antioxidant agents) fitigannmznssnausazaeSeneanndulusanie 3) @a15i

1Y

Yreduasuszuu)ifuiy (immunomodulators) 3 aviminiiasuasauagUsuaunanis

q

¥

novaupvesszuugiiduiulivungay war 4) Wslulednduaznilulednd (probiotics and
prebiotics) M¥78Usvanaazfdunidludild duasuaguaimssuumafiueiviseagiiy

UszdnSnmnisgaduansemis dnsusualiunisussgnaldidagnamnssudagdu awnse

£
Y

u9ansatnINs TR uaznalnnisoongslead

2.7.1 wuavnenislddsuneuszive (essential oils) b anaunue1Ufuyly
qmmnsimmiLgmqﬂqﬂﬁm@mum nauvesunesEing 19U 08301y lnsi gA1a U
Lz auwy (Herve et al., 2023) finaandsiugatinlaenss lagazitnluviaantagadues
wupfiSenelsa uasdaeusuaunagaunidludmld dhiFenmsisnsuutui veuenis
MudnYUELUYa9A I (holistic) Lﬁaqmﬂﬁfﬁﬁ’ummmwadqmaﬁ@faqﬂmw wagns
Wiiula nisldsiuiuvanevininlinadnsinninnsldvdndes Wuansadanfieid
#nonmgdlumsianlinaunuend§Puzlugnansdragaus Jaduraedediunzuiuay
Foansmsquariufivay Snvisiniunonssmednalansdudamsfindouarantgmiiends

1%
(% v A

finalnfidhAgeatl 1) n1sauaaTnlagnse (direct antimicrobial action) Whluduuazyiany
% (3 a a U o v % 6 J =) ! o
nivgadvesuuafiisonalsalalagnse vilindawadsanasgaidediulsenovdidgy
(Vondruskova et al., 2010) 2) nasUsvaunaddunsgluaild (sut microbiota Modulation)
UanunlviwuaiiSeniiuselevd Wy Lactobacillus wae Bifidobacterium \a3aiulalanvu
danaliaunavosgdun3dludldfivu 3) n1sann158niau (anti-inflammatory Effect) ansarin
- a a Sy 9 | = U oMY o vovul ovva
nfignateviliadignsaunisdniay Hreanaudenievoinisald inlialdiudlaigy
wagnauLYInINgeTuansemslanuuni (Herve et al., 2023) lngamznalnnisdaesy
naasaiule Wunanitlaensanainnisiguamanldnagaidiurensemedienseiunis
naseulellussuumaiueis wu teulwsilawa wazezluaa vilvigngnsanunsodee
Uunwinazemsiasunlasuldegnelivssdninmuntu wenanlifsisusulsalaseaing
1098114 (intestinal morphology) laefinanugivesiala (vill) Fadunundmiugadu
a15911s Mlisnelasuansenmsliulalunisies g ulalauntu (Ficagna et al., 2024)

v A

Lag LWNAIINUIAUYD99197T (palatability) Bnvisgadinalnnisdsasuaundasnu Tuaniiy
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UnAifignansthevieinde sumeasfesgydendamudununnlufumsdediudelsnuas
nMsgeunTNaILAisnay nsUABuRirn1an1sdNnEs1U (enerey repartitioning) Tnevifunew
semetaedudensiadouazannissnauld ieaunandsnudnasulindululdidons
Wgpivlanaznsinwgumgiisunelfeduiui dadudsdfyededdugnansusniindil
Na91ud1599911A (Herve et al., 2023)

2.7.2 wwmnanslgansusenaunguiluednuaznailiuesa (phenolic compounds
and flavonoids) 1 enaunue U Tuzlugnansgrsgauy lagarsadnainluigea i
drutsznevresarsnani asUsznoumanililydarsormavdn uiibuaramgnuiad

(phytochemicals) ilAnasdAn1@in1ngs wagddasUavaInvegnanstrnauLsunalng

1) ﬂalﬂﬂﬁiﬁma%aﬁaiz (antioxidant activity) LﬁmmﬂqﬂqmmﬂLﬁmLazﬁzj"N
@Jmuuﬁmﬂmﬁmqqﬁ%tﬁm AMzASEReanTndy (oxidative stress) Fuduaniefisrenied
auyadase (free radicals) uaniiuly mwﬁlﬁmﬁmmmammq 11 ASEUIUNITARENAT
gy mslisundsenlifiome mswdsuulasanndon Wiensiale nnuedenil
wvhaneadene Tus1ene vilsignans soune giiduiunns upzidsstonsindoniniu
(Herve et al., 2023) lngunumvasansiivednuagnalmesdimiiiidu "wisefiunin
ouyadasy’ Afvszansamnegs TnsasdnlUuuasylieyyadassaiosdu Josulalily
aneadlusiu lusfu uaz DNA fid1dnvedsnanie FaunsanaIzLAseAeoNBLATUS s
g svyaelignansuduss dndenumdeiissmedmiunissgiuls uazsimuiszuy
iAufulFRTY

2) nalnn1sAIuNIsENLEY (anti-inflammatory effect) n1sentautduyfinzen
OUALEIIBINEAENTANTENEENITUINEY WemnnsshEuintunniuly Tneans
Tuszuumaiuemns agvibindsdldidene nsgeduaisemisanas waziduavnddy
10901159008 a1sUsznounatevdalui e Wity cannabidiol (CBD) 731y
AU ﬁ@mauﬂ’mumﬁﬁug’qLauiezjﬁﬁfiaslﬁl,ﬁmmié'ﬂl,au U cyclooxygenase (COX) wianns
Sniavanas nlsdnldarudansetu (improved gut integrity) anansatesiuldliidolsauay
ansfvdushudgnisuadenldine unsduelvdldndumvminiisesuargaduiumusild
pg198UsEANS AN (Li et al,, 2021)

% Y @

3) nalnmsnszAukazUsuaunaniAuiu (immune modulation) syuugiiAuiu

Y o A

vasgnanswniinduinunliauysal uagdesiannddudunlasuainuudiniosvouy

(passive immunity) {undnviliianudesassionisingen1a ludwduaiusnvediin
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[y

ansnquillallaudsnunisdniay widsheuSuaunanisvitauvesssuugiauiule a1nnis@ny

v a v

v a { o = o N
YD9 TUA LarAUy (2565) W‘U'J'Wﬂ']ﬁIsULﬂ‘HL‘Via@Q']ﬂﬂﬁy]sﬁﬁaqmqﬁﬂmeigﬂUﬁqiﬂﬂJﬂN

Y 9

ﬁe

o
Y [y

(immunoglobulins) 11 18G uaz IgM luidanvasgnInetuu-szestants Aadunisiszau

Y v

QHAUAUTTLANITT1INBYRgNANSHANNNTouNAzsadiuelsalafTy anlon1anis
Yaguazdnsinsneadld lasasuansuseneviluednuasialiuesdluludyys viming
Ju "miheatvayy’ fddgdmsugnanstimaun lnensannisiasenuazannisenaud

Tagndu Vi lis9neaunsadIngsuLazatso1n1si be suanuuunilU1ld i ans

[y

wiyAulanaz MWL STUUAI9Y tnagisfufneniw Lmuﬁ%é\’aqq@ﬁawﬁ’umwiaéfﬂu
ANuULASEALaznITentaunIelusIInIe

2.7.3 WUINeN1stensnduniduarnsnlusiugienand (organic acids and MCFAs)
WienaunusufFiuglugngnstisgaun Tnefinsnduvisduaznsnlauaonans (MCFAs) 1u

asasulngugNidneninagwazlasunisgeausuegeninaadlugenaionnawnuen

'
=

UfTuzlugpamnssugns duddnanddediulngozyadulungnsszesngiun Jaduts

'3
a

wTgyiuanuAseauazniIsiudsuLUamslaswInIsgean uivdnniskagnalnniseen gns
VoA INsaRInqu a1 sat sz nAldiiod wasug un LA SNIIN1TTRAYDINGNS
Tugrgauulaegdidodidny Inewmelugngnsiminusniiadesniianuiussunsgs ssuy

a v U U

MUAUIMThar Sz R uiud s ldauysal arsviededng uil viaudvasuiu

q

'
P

(synergistic effect) tiioas1salaund sunssannielu lpefliuanistaznalnniseangnsy

YY)

Gy zy}m‘ff

1) N9AdUNIY (organic acids) 1HU NSABUNIY 1w nsaneslin, NIATR3N, NTALA
ARN, karnNsAUINsN W dusunsnlunisundasszuumaiuo v sns el dud
yosgnans feiludassaunalszuumaduemis Teefinalnnisusuanimenudunsa-a
wuinsadunidtisand1 pH lunszimnzemsvesgnans dsdwafiaossynsie nszdunis
doelushu LﬁaamazﬁLﬂuﬂi@mwﬁmhaﬂizé’jw,aulezjﬂl,wﬂ%u (pepsin) Isvihawldagu vl
mssiasJT,iJiauiuﬁwumﬁﬂizﬁm%quﬁu (Kim et al., 2005) asanneilidideredelsa lay

Wosuuaniisenalsadiulng 1wy £ coli wag Salmonella lanusaasgiaulalaflu

(%
v o

anmeiidunsn msan pH Fadunsemuauiinadewanidausdume Snvisdsdinalnms
fudauuaiiFonelsalaonss Weluanaveansadunisluguiidsldunnda (undissociated
form) @nusaunsndununtasaguoswuaiisoslule e luneluwaduds nsnes
Uaeglusnousanyn vibingluwadvesuaiisednnuluningauiaung uwassuniunis

uveoulsdiagnszuIunITaTnasu awvlienean1ssyiulauasaieluiign
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=) 1

wazduasuguImalduazannisniay tnevaienuidenuiinsasunIndunsdyisannis
VAIEINTEAUNITSNLEU (pro-inflammatory cytokines) 1y TNF-OL uae Interleukin Tugnld
Ko U 2/ J Y R ) ! a '
wenINUgeUTulslassaiwesd ldliuduse Tnaiudnsdruvesnnugsialasieniy
anvaeAINI (villus-crypt ratio) FamaNefaNUNNIAATUANTOIMNTNLANAY (Cai et al., 2024)
2) nsnluduarenany (MCFAs) i uuwna sndsausansunssugns e ie
Usznaumensanlngdn (C6) nsaanlnsdn (C8) nsnA1U3n (C10) uazlasianizegedensna
a < A a va ' ! a o [ a ° [

930 (C12) Wuansiiauaudflanmuiasiuizaneg9dsdmsugnansusniia dmsunaln
wanued MCFAs Wuwamdnuiigadulasinds Jwansrsainluduaieen (LCFAs) Tnedl
a ! 1o & v [ ! Ao v = v ! & 1
WudNI1 MCFAs lidndudesendenssuiunistesnduden aunsagnandulauisdiunsudly
nsznze1ms wazgninluldilunasnuluduldegnenng wewnauauiRidaauddy
agBsdmsugnansuinteeniing s ud1seddusimeniin nMslasundsanuswiu e
Prglignansanunsadnwaumngisianiesuasinuudwsmenazgauuuimviedld dmsy
granuladnlaednalnnisaingeres MCFAs finulaatau lagaunsarluviane oy
iaa (cell membrane) wetkuaTisaunsuUINLaZlSauswlandideniuduluiu (lipid-
enveloped viruses) LU L%9 Streptococcus suis #38Lala5a PEDv fivduaninndidgyaes
Auaydeluangns Wolansanraren1sUSuU TN MkasduguIne1vesdld n1siasy
MCFAs fgdaiaiuguamassdouald vililassasndialaudwssuazauysal Jadamadise

mﬁaﬂ%umimmﬂuiwsm (Hanczakowska, 2017)
3) wnan1sUszenaldnsadunid (organic acids) waz nsalviiuatenang

a

(MCFAs) 1ieUszansamigsaaiiielvlinadnsnavian leiia1su1annagnsnisiasugns

a 61 Y

(synergistic strategy) nnsldnsadumnidsansu MCFAs linadnsnninnisldansifen egnad
Yodda Wemnnsasunsdasimtfivivaninundenluddliaty luvaed MCFAs oz
Tndanuuazoangudenitiolaenss sunmsmislineluladseriu (encapsulation) lel#insn
Bun3duar MCFAs anansawndausialleangndludiuinevesdldibnuazdldvgld aas
Fonldnansnsifiriumaluladnisviesiu (microencapsulation) Ssagtnegunilesanseangms
Lilignaeduvserhaislussuumadueimsdiuduldideneu (Riadin, 2020) wavdn1skasy
Tuewnsudansiienagmsi duseansamdnusznismilafonisiasy OAs uag MCFAs lu
9IMN5VRANTYIVINBVDINTRUTIBIRAT Y by maamqwéméw%wmmﬁqmulﬂé’qgﬂ
ansrnumainald dudunsadegddutusardaaiuavnmaildvesgnansdausiiudu
(Estrada et al,, 2024) Tagasu nsldnsnduniduay MCFAs W uLuImned Tndngiumis

Wenmanisessvegstanulunsilunaiennaunueuiiugdmivananstigauy lny

Y q
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ordenalnnisuivaugadld nslindanunuussio wenmsdudadonalselnenss Fude
tharldsuiuegiegnis awansaandnainisthouasne wioudnaduninaiosivlnes
gnansléeeadaiiu
274 arudoulosszninansly essential oils, phenolic compounds,
organic acids uay MCFAs slemsiasuulasindnesdusvneumanil wavanstaafives
Fongnanstasgaus TnensldiflenaunuenufTurlugnanstisgaun dwasioosduszney
maeduazdnailudonnaiediu vanalnnfduiu fusyyadasy nednay wavaussous
Maseiuln FTTRddaInNA1Ie (8 WBC, RBC, Hb, n13% oxidant/antioxidant,
enzyme, inflammatory markers) Tngfinuidoslefudeyanisivinisdsdl
1) n3l4 essential oils 12t thymol, cinnamaldehyde way carvacrol Iuauﬂajﬂi

PrgauuiinasgstalaunenInseiuginuiuLazalnassrlsenaumaaiiluion lnewudi

9
essential oils @1unsowusEAUTANAuAIAY Lown IgA, 196, kag Albumin 53u19A1 total
antioxidant capacity (T-AOC) @stigtasuszuulasiulazann19ontal wonanildaiesnw
szAuLgasuinden1y (WBO) wadiladanwas (RBO) wazinaniden (platelet) Tiaglugag

aunailgay uIdedauandbiiiinds essential oils ¥iwan oxidative stress faun13an

AU pro-inflammatory cytokines 11 IL-6 uaz TNF-O kazdstasUsulsanan nuadin
Honuazluslidvedeulasilududnae (Nhara et al, 2024; Diether et al., 2023) @onndas

fun1s@nwues Liet al (2023) way Su et al. (2018) WU essential oils dsnansaiindon

'
A o v

2173 (WBC) LLazLﬁumﬁﬂﬂﬁuqﬁé’uﬁu d1fay Idun leM, 1eG, A waziinAuaLsafiIL
oyyadaszlaenaiavsuiatouluidusyyadass 1y superoxide dismutase (SOD)
glutathione peroxidase (GPx) catalase (CAT) WO 18ATEAUATU 9T v09n15LA N lipid
peroxidation A® malondialdehyde (MDA) wonaNil essential oils Franen1senIEULAY
g8UsuaNna oxidative status 184519018 20Ty reUTUUTIARTdaLEenLAY (RBO)
Usunadlulnadu (Hb) wasdSunandadenunsmoUsinnsidon (Het) eglugiunnsgu

2) a1sUsenaungu phenolic compounds Wa¢ flavonoids HunumanAglunis

a

WaARausalunsiueyyadasy uazannszuIuns lipid peroxidation Tunseualien

V8IgNANIYNAAUY LagasnguildiguTuaunanissniauk1unITanseeu cytokines d1dey
A 1L-1B, IL-6, IL-8 waz TNF-OL Tunymeuy uaﬂmmfé’qszhaLﬁmzﬁugﬁﬁuﬁ’ﬂu%%’m Tauwn
IsG uay IgM mmﬁaLﬁumsﬁﬂmwmLaulezjﬁé’ma%aﬁaizasm SOD wag GPx (Minarti et
al,, 2024; Xu et al,, 2022) lneasulvidiadonv1ingu lymphocyte way neutrophil faau

auna Medsandnsimsiiaviends waziasugisuniulaesin wenanil asnguildiulng
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\Ju phytochemical Nflgndsueyyadaszgs Jaiufanssuves SOD, CATwaz GPx luiden

¥
v v

waranseau MDALTUFTITAU0IN15LAR oxidative stress laag19tmau Tasansiwaiiyiewiy

'
= U v 6

s2U immunoglobulins TeuA 1eA, 16G, leM Tudsu Faduiusfuauasiiveadiadonuns
wazUszansnnlunisadnedlalnatu (Hb) (Beslo et al., 2023; Echegaray et al., 2020)

3) nsduUYsEuas MCFAs aunsadiedsuaunandaidenyn (WBC), Waidan
uA3 (RBO) uar indices madunlaladldognavmnzan uananidsduaiuszuugiduiu
Imasﬁw%aamwé’mauLéla%’aLLazLﬁmwﬁ’uqﬁﬁmmu WU 1eG Wazu19nsel IgA “3e IgM
wioutanszduoulesidueyyadasy léun GPx, SOD uay CAT Bnvistasanszdiu MDA
wansliiiuiansananudemeveadndesuaiasfiuyssavniamnalnnsvudieandiau
Tuidon (Caprarulo et al,, 2023; Kwon et al,, 2025) @2ulun1BAUDIMITNUIINTABUNT
uag MCFAs aeaduayudsesdnsainnisdovemisuastivaunaaaunisludld laoidis
uuLanlanuIfana (Lactobacillus) hagandrulaunuaiitsenalsa tu dlala (£ coli)
wansznuilasieuliiulussduindensniuazid ianssniauludon wu Creactive

protein (CRP) tha¥ interleukin-6 (IL-6) fianas (Jackman et al., 2020; Swiatkiewicz et al.,
2020)

Table 2.1 Standard blood biochemistry values in piglets.

Standard blood biochemistry values in piglets Standards

Group 1: Hematology and Blood Indices (Hematology) ¥

1.1) White Blood Cell count (WBC, cells x 5.5-20 x 10°/pL
10°/form/mm3) 4.9-8.3 x 10%/uL

1.2 Red Blood Cell count (RBC, cells x 10°/cu.mm)

1.3) Hemoglobin concentration (Hb, ¢/dL) 8-15 g/dL

1.4) Hematocrit (Hct, %) 24-06%

1.5) (cells x 10°/cu.mm) 200-500 x 10°/uL

1.6) Platelet count (cells x 10°/cu.mm) 4.9-8.3 x 10%/pL

1.7) Platelet count (cells x 10°/cu.mm) 50-60 fL

1.8) Mean Corpuscular Hemoglobin (MCH, pg) 15-30 pg

1.9) Mean Corpuscular Hemoglobin Concentration 30-36 g/dL

(MCHC, g/dL)
1.10) Red Cell Distribution Width (RDW, %) 12-17%
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Standard blood biochemistry values in piglets Standards
Group 2: White Blood Cell Differential (WBC Differential) ¥

2.1) Neutrophil percentage (%) 20-60%
2.2) Lymphocyte percentage (%) 40-70%
2.3) Monocyte percentage (%) 2-12%
2.4) Eosinophil percentage (%) 0-5%
Group 3: Biochemical and Energy Metabolism Indices (Metabolism and
Energy) ¥/

3.1 Glucose (mg/dL): Level of glucose in the blood, 70-120 meg/dL

essential energy source

3.2 Blood Urea Nitrogen (BUN, mg/dL) 10-30 mg/dL
3.3 Creatinine (mg/dL) 0.5-1.5 mg/dL
Group 4: Protein and Immune Precursors -

4.1) Total Protein (¢/dL) 5.2-7.4 g/dL
4.2) Aloumin (g/dL) 2.8-4.2 g/dL
4.3) Globulin (g/dL) 1.9-3.6 ¢/dL
Group 5: Liver Function Indicators®

5.1) Aspartate Aminotransferase (AST, U/L) < 50 U/L
5.2) Alanine Aminotransferase (ALT, U/L) < 40 U/L
5.3) Alkaline Phosphatase (ALP, U/L) 30-150 U/L
Group 6: Oxidative Stress Indicators)?

6.1 Glutathione Peroxidase (GPx, U/mL) 300-450 (U/mL)
6.2 Superoxide Dismutase (SOD, U/mL) 1.5 - 2.50 (U/mL)
6.3 Catalase (CAT, U/mL) 0.5 - 1.5 (U/mL)
6.4 Malondialdehyde (MDA, nmol/mL or uM) 1.5 - 3.5 (nmol/mL)
Group 7: Immunoglobulin®

7.1 Immunoglobulin G (IgG, mg/dL) 100 - 500 mg/dL)
7.2 Immunoglobulin M (IgM, mg/dL) 5-30 (mg/dL)

7.3 Immunoglobulin A (IgA, mg/dL) 6 - 35 (mg/dL)
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Source: “Thrall et al. (2022); Walugembe et al. (2014); Wang et al. (2020), “Cayman Chemical assay
(Marin et al., 2020; Pistol et al., 2023, 2024), ¥ (Cabrera et al,, 2012; Logan Health Laboratories Test
Catalog, 2024)

2.8 M3BATEIMsIIuIeNenduddlug uazn1snergaunidluald

a

nsAnwIntLasuNUIMveaunsdlualdvesdlitin Niluuyeduasdninsugia

<9
¥

WU gnans Aede1Aen1siaTeideyadlunuaviunidluiing (metagenomes) 881980

Y IS

=2 a = =2 a 1 v - A ] o
ns@nwaunIdlaenisinwiyateyaduiarlusiu nerugiudeyaileswunladnisimmn

Y

' v a

Nfasaunendailaidu ddynenisaensiagiddyqydinalnydunid (microbial
functions) ﬁﬂiaUﬂqm 4 gnunan Wun13vIuesATU (functional prediction) wagnsly
Heatmap Atasgsiszezlnanateszau laun (1) COG (2) EC (3) KO Pathways Waz (4) PFAM
Faraglarursaidenlodlassaiaiusnssudvmiiinisdianmludanmgurulilasivlex
(microbiome community) Inegraiusg@nsSnin (Franzosa et al., 2018; Sunagawa et al,,
2015) COG uay PFAM Infafimsutanguiuuazlusiuuenmilonnmsdnussinndudieg EC
uay KO Tidoalesfuuumueadunazinietiensdnail Baelinisiieszsiaanumainany
vosUsznIvesgaunisludld Tneldgrudoyaiidanudesfugs wagauayuniside
FINe138UU (system biology) (Kanehisa et al., 2016; Tatusov et al., 2003)
Taagrutena COG yaifunsdnngudui intwivdeudulud «i33anarengs
(orthologs) Baiflunnsnensiavthiindnfesnau AN TINIANT1T WaLTTUUIUA
arsneluiad (Gardner et al, 2011) Tuwnued EC number Lﬁuszmaui%ﬁuazﬂﬁﬁ%mﬁ
RendedlasaziBon dullszlevioghannlunisinufonssusumueatuvesyuugaunisi

g o v a Y v

ald 8nvlagrutaya KO (KEGG Orthology) waw Pathways uenamnivideyadinuguna s

ANUALUNITAIANTALEUNVBITEUUILNUaANANinTun e luiIg199a undlugiian

9

(%
A v W

ae o ilinlaladidunisdiinmlagnnsedu wsegndudaluvsunvesguainanld

U
(Kanehisa et al., 2016) uananil PFAM §sldidulnIesfiodrdanaioinseilamulussiu
wazHsAdureslusiulusesAulassadedsnuiinsdnwnisiuasuutas taznalnnsvineun
wansingiu dmsunisuszgnaligrudeyamaiisuduteyaunnidluindiaznisinanuaay

Y]

¢ a o a | 1 awv 9w -
auysnlvesdunsgluszuuniuiue1nis (abundance) ¥28111in3 3wl Heatmap Lite
Uszananmmaildsunlasesilanduliegimnder tayasanuludausedunisuanioen
vseUsunsvesusarlendulungudiegnewing q Fumngdmsunsiuseuiisunngguan

wazMsIansTInmlunudnuaunmaild (Franzosa et al., 2018; Langille et al., 2013)
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[

N193LATIEYiN1syuIefeddunde KO wazaudraylun1s@newinquniaviin
aun3dvosdldlugnans tnenanuideduaunndliiuienisldisnsiuneuuy kolu
msnonsauazulananisvauvesszuululasiulesludldvesgnans wu nisvimind
drdgvanvatgaulusaniguywd Wy AneAImn1sEeseInis QATUA1TEINNT kavnIs

duasugiauiu lnefin1sinsed KO endemsielesdunilanuadigiulunguduses

a adaa 1 v sal ) 1

1588 (orthologs gene) Fuduguluddddndrsaneiusniasdonnussnysesauiuie By

]

=

e Tnsweneenaniilunsyuiunsitawnisiviliinadddingg funszuiunsuunue
A 1y nsdauesievinsnoiily magaduthna arsisiuduad uazansiuoyyadaseu
AU (Vasquez et al,, 2022) @1115Un1517 Heatmap 11lglun1suaninanae KO @1u1a
Wamensiudsuulamwesilaiduinmueadilunguiiogisdne q degau nsiasullag
Anugnvesdudiii gadesdunisudndamsn (butyrate) Msdatasiziandu 9 waznns
MOUAUBIADAIUIAS EATDILTAA LUSEUUNILALDIMIT LAY (Upadhaya and Kim, 2022)
Tneinaneau3dolarinnsAneIn1skaniveess uualumLANeIMg wazANduRus09
AImaINNaBgauNI gluszuungeImns iiiudn KO anansammunnsanmy i ui
Aerdestunisiasyravlnnazaddudy 1y K04487 (cysteine desulfurized), K01057

[y

(lipase), KO0399 (superoxide dismutase) %é\ﬁLﬁ‘ﬁlamimfoﬂavl,ﬂmﬁamwmaﬂiwugﬁﬁ:uﬂu
wazn1sUasfiuanuAIen

Heatmap KO fatuayunisinaunansznudelnwuins 1y mafiuuTanans
wna1UAaLeZl e paandun s iaunan st ssuululaslulenludld
(Grzeskowiak and Zentek, 2025) ¢1aifu 1514 kO Tuna3dnm9dunssvosgnansidu
w3asflontafid fydmsunsrweunisndn waeiaudenleassadnSamnisudn wsens
Useynild Heatmap KEGG Pathways 1un15Us2iliuaua11150n1uunueday wagns
viaruveslulasluleslugngns 199910 KEGG Pathways a1ansalinseunisesuneids
FanmluseiuanuidenlosdmiusEUuBIMUDATLALNMINDUALDIMSTINTH MTUATIEN
Pathways W11 Heatmap ¥agliiuninsiuvesnisuansesnvosduluidunisdinimens o
ImmL’Ja'm%ﬂajm'hashqﬁumﬂ@mﬁulé’%’mﬁm (Chen et al., 2025) @115
miAdelugnansidinedatulélunsinvinanssnuosgasomsiiwansetu Tnensin
nswasuudadluduma Téun

1) Inalpdda (slycolysis) 1unszurunisaanangladlulalageavesad \iondn

ndaulugunes ATP uag NADH Inglddadlioondiau Wutunouusnvasnsmelasedy

waa
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2) Tricarboxylic acid cycle %58 fgﬁ'ﬂimiuﬁ (Krebs cycle) (TCA cycle) 18u
nszurunsstnedmaetulululneewesy Fadudiunivesnisaaleansainisnlaann
Inaledda Trlendanuuniu Tnewasuansdunsady CO2 wsauiunisasns NADH, FADH2

way GTP (58 ATP) winthlultlunssuiunsasnandsanuiaiiy

a [ [y

3) nswwagyludu (lipid metabolism) tWunszurunmsmsduaiinneidesiu
nseey duasient wasldaulviiulusianie wu nisdeglusuidunsaluiunazia K
9598 nsuanwazaanglvsfunundsnu Wudu
4) nsruIuNsALNaLLLA (complement cascade) Wunalntasiumgiifuiu
a d! 1 ¥ Sl d‘ o 1 % o dy ¥
yianivessninig Yseneumeyaldsaunihnausiudulunisvianeiielsa n1snseduns

-2 PR

MOUAUDIMNNIANI waznsdsdaaliisadgiauny

Y

Tngnalpna1dugiang sy waziadudiuluszuumaaueInis wuielfu

9

nMsAN®ITES Wu et al. (2021) #1u Color-coded Heatmap MAAIIZAUNITIUITINEUNIL

U 1% v =)

unueadu ldvagliiniseannsassyidumsiiddieasuasannaniusquanunig
amediliauna (dysbiosis) Tnewiunuduiusiumsiasapivlauagnistlasiulselugnans
(Chen et al,, 2019) Vl¥ Heatmap KEGG pathways 1usnuiwedesiiefifiuselenidmniu
MTINUHUNITUTUEN 501175 Uaen139AnT15eInisans (Huang et al., 2025)

507 9n1331A35129 Heatrap RFAM Uil afinwail el usssiyu RNA wasnnsdum
biomarker Tuszuylalaslulexvesdldgnans wuin RFAM Tdgrudeya RNA drdgyiisausam
Wlugdeya uazildnuans RNA figslilfszyniinvasiusfiu (non-coding RNA) 32usia RNA
Imqa%’wﬁﬁuwmwmuqmwLLama@ﬂsuaﬂE‘Tusl,uiw"’u transcriptional ag post-
transcriptional (Gardner et al., 2011). 1311 Heatmap RFAM 113tAs1z9805ueilenidy
199 RNA wiahiluuIumvesiusululesluley Tnstanizlugnanstaagauy dadudeyai
agviounalnszsuluiana 1wy Msmuaugiiduiu nMsnwnnuanysaiveadeydild uaznns
MOUAUDIA BA1ULASUA (Kaeffer and Chen, 2023) € 101519 marker ¥99 RFAM 18w
biomarker ansateszynsiasuiasueafanssumadanmveslilasiulendiduiusiv
gUNMLAaTAIENSIEUYIe neneuausdran1IAnYIgnTe ISR dAILUANA 1 Uy
(Chang et al., 2021) A7881919U RNA Uszian Fructoselyase (RFAM ID: K00847) aglila
Taslulewldmdsuana$nTnaldfty vnedl RNA iR sadastunisiueyyadaszuay
Auesen nuluauild3unistriadaeans Phyto cannabinoids (Atalay, et al, 2019)
Tag#in1531A5124 Heatmap RFAM Ssatfuayunsieudeyadlufindisnind (functional

genomics) neaeasisluailsiduliianawassevunalntesiulussuumaiue s Wiu
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nsusimInevanasienneseaLaznsUTulasalulasluleundaasuaunndld Toy
UszinuiitaidusngiudAgueansiuudsnistiasomsiaiuuazgnsiidnnuwiugnunn

Ju

AT THUIUINY

MsANEIASILUINISIYRantdY 4 N1sNaass
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3.1 mymanmeimuzaulunisadaansinlawauunduesaanninyys (Cannabis

v
1% o o <

sativa L.) seinduuantulidufausiuiunszuiunisinisuandiatu wazdneniwlunisly
Jundnsaeidsundanudmsugnansgau

3.2 wavesnaiasudtatulasndwelsdaenansfifianslnlauauuifussduaglalua
93U deausIaNINNIsRsAUle naAnsunda Amdaininewarduailubenlugns
JeETAAUY

3.3 manannzisnzaslunsudanslilasiouuaUyansalusiumenaaduduiil
dunauresasanaigwe wezluluassulagldnszuiunsyiuisuuunuseg

3.4 wavesdatuntlilasieunadgansaluiuaenaiududusiuivasaialilauay
wiuses warluluaosu FeausInNINNIT3YRULe Amndlafininewastiall UHA3e13

a

nond uarydunidludlavesgnansyimauy

3.1 MSNAARL 1 NMsmansinnzaulunisanaanslnlauauuIiuseaaniyvs
(Cannabis sativa L.) #rethduadalulidufusiununszuaunisinisuendiadu was

dnannlunisléidundanaueiaBunasudmsugnansanua

3.1.1 gunsal
1) Tuigyssan
2) SINARYV

3) vsfumidsllutnduuIaws (RPKO)

v
o <

4) Wsiaatuliauay (CPKO)

5) QUENYUIA 5%15 LUUALIAT

6) nvugLANTAaT Yuin 250 ml

7) fauauieu 1A 150 83 (Hot Air Oven 150L); Ju JSOF-150 (JSR)
8) LA30IRULTINEI LA Ting

9) \nvesunayulns

10) w304 autoclave U SX-500

11) AZUATITOUTUIN 100 lupsou

12) AwUzdY VIR 200 ml

13) awnlasinlailnes (Spectrophotometer); 1 UV-1800 (SHIMADZU)

14) vaeanaasy (Cuvettes)
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15) Diaazlulastiue

16) LAR0sUNYLN 50 80T (Incubator) $u WIG 1050 (Wies Cube)
17) 919AUANRANNALUULYET (water bath) U WNB29 (Memmert)
18) w3atuin 1wy Jnines naennaaay (Beakers, test tubes)

19) \SeaE (vortex mixer)

20) 1p3asinAn pH

3.1.2 a@15uAdl
1) leihueslsius (Sodium erythorbate)
2) 13U 80 (Tween 80)
3). n3anuaan (Gallic acid)
4) n3AueaRosUn (L-ascorbic acid)
5) @15agan8 DPPH (2,2-diphenyl-1-picrylhydrazyl)
6) @1358va1y ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid)
7) TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine)
8) wlessnaaalsa (Ferric chloride; FeCly)
9) ln1uaa (Methanol)
10) tan1uea (Ethanol)
11) enstviesosdian (Acetate buffer)
12) ansunwesedine (Phosphate buffer)

13) m'iazmﬂiwau—%i’lmq (Folin-ciocalteu reagent)

mMamagas 1.1 n1sanwanmefvnzgauvesnisatnaslauauunduesdaingin
wazlufuddagldidulasndwelsdaanans (MCT) wilnsnag
1) 5’mqﬂizaqﬁlﬁaLU'%EJULﬁEJUﬁﬂ&JmWGUENdawmG] o3 Ye taun lTulazsindsy
% wazivhazansriavesiity thun ditusdaluuiduuians (RPKO) wastdiuwdnly
Urdudv (CPKO) Aldlusvhasanglunisadnanslilauauunduess
2) FNINNADY
2.1 mammaaaﬁji%’t,l,muﬂ'ﬁmamLLUULLWﬂwaL’?aa (factorial design) ¥u1n
2x2 aglanisguanysal (completely randomized design; CRD) Feusznoudedaded A

[ [y

& a Y] o o A & a 5 o a saa
Ao TngAvanndeyws luiyes wazsindye) wastaden B fe wlavesndulnsndelsdnd



ar

nanlvduatenas WWud dsundalutiduuians (RPKO) wastsiuudalutidudiu (CPKO)
ﬁamm,wwjuuwumimaaﬂLLUULLWﬂwaG&Ja (completely randomized factorial design)
VUIA 2x2
Y = L+ A + By + (AB); + €y
Towil
Yijk : AnsIansenadnsdmsuesdusznaudl | vesunlnmesd A, j vewunn
Wos B uarmsvignit k
U : Anadslngsiuvessyans
A : wavostase A Tusesuil i G = 1, 2)
ey

B, : Wava9U9dy B Tuszaudl | §

(AB)] : Na INURFURUSIenINaTad8 A liag B N1526U | wag

€+ AIANILARAAGEUENVI BB RANA AUl usIAE N INARRY

[%
o

2.2 Tupaunsniendngaureslady A dsaundnegiusiniyvaniy

U

g '
a aa [ v o

WUseUn wazAndenimsedwwdanuasunfneg Auluimyyailuninunamieins aso U

o ada v

winuuateing Sanfugndnidenssiidiidulazunayidenlnginzesunayulns wWulody
ysgnuenaenmeile fregraiunazidengnisuriuazingssun 100 luaseu (150 luasew)

2.3 95198 UUT a1 suauuItuad (% w/w) lulunazsindgyvs
Us¥naum18d@15 cannabidivarin (CBDV), cannabidiolic acid (CBDA), cannabidiol (CBD),
cannabinol (CBN), tetrahydrocannabivarin (THCV), = tetrahydrocannabinol (THQ),
cannabichromene (CBCQ) wag tetrahydrocannabinolic acid (THCA) Qﬂ‘imiwﬂm?%mﬂﬂ
InsalnUmegunsallasuilvnifivesvaiused@nsnmgs (HPLO) lnydnede35 AOAC 2018.11
91983lay Correia et al. (2023) diupaAusenounieall LU USuauwes wasau arstulanse
Fulodu lusfu Wsfu uaganudu gnusufiulaeisuinsgiuisidunislay Central
Laboratory (Thailand) Co., Ltd. @ teslui

2.4 Fumeumsdnansiilawauundusesanlufysauarsinfoyes

2.4.1 Yohmdnlusarsnfyveunazidsanussanidonlude 2.2

U3unas 12 NS Uus59a9nainvun 5x15 lwuiues lugasdiuingiudeusunadiinagaie
6% (miin/UTuns) v 12 9 @Emduieudisuaniaznsada 4 Ujdusiuseosnis

71Ra09 WartadusInay 3 91)
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| [

2.4.2 dgad1usIvingAvazgnrienienseatunesdegiiiie uay

Y

a

unlvggeseniseuleurlunias autoclave igaumind 121°C Wuaan 21 wit aneldany

Y

[y

U 0.11-0.15 wnzthaana tieduasunssuiunisimivendiati uasdudiuniwesende
nOAv
2.4.3 thqefhantuneud 2.4.2 ldadumausiffiiunssndooun

250 ml ndantuintigduivinazans (RPKO wag CPKO) USanns 200 misowdn tAdans
Uszanuinsfunazin (emulsifier) Tween 80 8ns1@u 2% (Uwin/J3u1ms) uag sodium
erythorbate 9a3181 0.3% (hwein/d3unns) adluansavarsuavnauiiiatosiunismsiuig
(Tymoszczyk, 2013) nagudlyauadlanunIvusw wdsnnidaninnsugladnuasive
drunanlmaniy

244 \iun1vuruiaanden 2.4.3 luddmduian 18-20 49luq
n¥ntuiilUlanudoulugovandeudigamgi 110°C1funan ¢ 2lus (Fucak et al.,
2023; Ryu et al., 2021) ﬁwm%uzLLf’hﬁussaﬁwmaaaaamWﬂé’au wenliduaamgll 30-
35°C Tuspiin

2.4.5 miaﬁ’mﬁagﬂuﬁaﬁwazmsﬁjﬁmmqﬁ’u%ﬁﬁlﬂ?{aﬂﬂ wazilany
witleanila %Qﬁmﬂ‘vﬂmLmumﬁuaaﬁmamagj wdsntunsesiuitluaeusnn 100 luasou
LLazmsf«gmaamamé’qmﬂmiﬂ'ﬁaqaﬂumﬂmzﬁuLLmLLazLﬁU%’ﬂmﬁqmmﬁﬁm (25+2°C)

2.0.6 AsIEViAENURNSA BNy A daTEYesansana lllauAuuD
usem Usyneaum 18 total phenolic content (TPC) (mg GAE/g DW), total antioxidant
capacity (TAC) in L-ascorbic acid (m¢ GAE/g DW), and antioxidant activity using 2,2—
diphenyl-1-picrylhydrazyl (DPPH), (2,2—azino-bis-3—ethylbenzothiazoline—6-sulphonic
acid) (ABTS), and ferric reducing antioxidant power (FRAP) assays (%) (Benkhaira et al.,
2021; Minarti et al., 2024)

N1SNAABY 1.2 NAVDITTHLLIATUNTEUIUNITAAISUBNTLATULALINTIEIUNTAAR

yosryyreudaluinduiu (CPKO) Afsieasdusznaunangnuaiiuazdnenimnsiu
oyyadasyvostuasatalvlauauuduosd

Y] = J v o

1) TngUszasd liemsnsdiuvesluiyyesasiiinazaiy (CPKO) Layseesiian

Tunmstianuseununeauiiagn Nviansedfwazqnonuouyadasegd

q LA}
2) A5N15N9and

2.1 ANFINLEUNITNAADY LT REUNITNAADILUULNNTBLS 88 (factorial

design) ¥U1Am 3 x5 ma’[,m”miq'uauqiai (completely randomized design; CRD) Wie
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Usziflunavasassiadendn 1dud (A) sasrdlusaasdemisuudnluudufiu (CPKO) uaz
(B) szaetia1nsvilisendnnsuend@iaty (decarboxylation)

Yade Al 356U Ao AL Ao 6% A2 A912%, LAy A3 A9 18% (W1uin/
Uinesludifuinsharvaie)

tlade B 7 5 5udu Ao B1 Ao 0 $2las (nguenuaw), B2 Ao 2 Hala, B3 fe 4
4lus, Ba e 6 F7lus way B5 e 8 4l
AUNTFIMUUNITNAADILUULNAYIDIS A Y19 3x5 dwsunsaifiditade A 3

seaU waztady B 5 syeu anunsaeulasadl
YUk = lJ. +F Ai + BJ + (AB)U + EUK

Toed

Yy A9 A IS enadwsdilaantade A luseaudl i urnimes B Tussiu
7| LaEMSIgRST k

U flo AindeTiuresUssnnsionun

A fo nagoalady A fiszau i Flufiad 3 sea tdun Al=6%, A2=12%,
waz A3=18% (Whwdn/usunasluihdudvazans)

B Ao wavesdady B syav j Fafl 5 sudv laud B1=0 92lus (ngu
AIUAY), B2=2 13, B3=4 109, Ba=6 97134 WAz B5=8 12119

(AB); Ao Ha INURUS sy vintade A uay B flsgsu i uay |

€ AB ANANLARIRLARUALVTOTRRANAIRTIAn Ll UUsIRELIENAaDY

2.2 Lm%af[,uﬁaumﬁmLm%mﬁmﬂmimamﬁ 1 Fadwiin 12, 24, way 36
N5 UaruUIIaIlUINITUIN 5x15 LWURLUAS Wiolhianuidudy 6%, 12%, waz 18%
(nn/Usuastutntudvhazas) dumeudlddiuaugssan 45 g1 (@miuFeudiey
anmzmsatn 15 Uiduiusveamsneaes uartladesauay 3 90

2.3 119§ 131U UA Y wnINgnsIdumun vienlenseaunlegd
ogfifeuuasinlusdeluinios autoclave i 121°C Wuian 21 wit ileduaiunszuaunis
Fensuentiadu uandudiuniswesihidengiu

2.4 y3390sk1vsTluAgrsadlungusuiafii e onda Wuans

Uszaruuiu Tween 80 91UU 4 ml (3L AU 2% WINUNeaUSuInshuLITY) way
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sodium erythorbate 0.6 n3u (0.3% thnin/d3umstuiy aduneuzuds Vandnanwuy
Teehawiunun waziubiludifinduna 18-20 4lus

2.5 ensunmszeznaivuadndunislaglinnufouludevanioud
110°C WJuian 0, 2, 4, 6 uae 8 laa (Fucak et al., 2023; Ryu et al., 2021) dloasunugag
szognativun fegregnyauuasgvasgungil 30-35°C Tudiiln Mnsuituansalio
gnnsesrunzunssluasusua 100 luaseu uazivlunivusiivuasiigumgiivies (25 £2°0)
(Incharoen et al., 2025)

2.6 Tinsgvinaudfnisiueyyadassvesarsainlilauauuiduosd
Us2naun 28 total phenolic content (TPC) (mg GAE/g DW), total antioxidant capacity
(TAC) in L-ascorbic acid (meg GAE/g DW), and antioxidant activity using 2,2—-diphenyl-1-
picrylhydrazyl (DPPH), (2,2-azino—bis—3—-ethylbenzothiazoline-6—sulphonic acid) (ABTS),
and ferric reducing antioxidant power (FRAP) assays (%) (Benkhaira et al. 2021; Minarti
et al. 2024)

3) MTATIINNNEDH Tayadinnisuaaes 1.1 lagnlsiznlaglinisveaes
wuuwlanesea 2 x 2 Tugdiuu CRD dunisnaaed 1.2 Ton1smageswuuunanaiiea 3x5 Tu
sUMUY CRD wiufu wogdouavismuagninluTiemegrinnuudsusau (ANOVA) Wisuiioy
mmLLmﬂﬁhx‘ﬁleNﬂdﬂﬂﬂ% Tukey’s honestly significant difference (HSD) test Farvium

v v LY

seautadAeanan P<0.05 lagtlauenaanslugieninuledu 95% n1simsevideya

o

a

maadanmdadandunisiealdlusiunsy Jamovi 1aeseu 2.3.28 (The Jamovi Project, 2022;

R Core Team, 2021; Fox and Weisberg, 2020; Length, 2020)

3.2 N15NNas¥ 2 Navanstasudiatulasnawalsfanenarsnliansinlawauuiduasa
wazluluaa3u AvaNIIANINNITRTYLAULN WeANTIUNINEIAN AMIelainInenaz el

luidenlugnsszesaauy

3.2.1 dineasiuazlsasou
N3EUIUN1IVARRER Tlunndunaud LU TAULLINNIYBIANENTTINNTIAULLS
239555UMS IER Il UNINARDY NININL18ULSAS (Naresuan university animal care and

use committee: NUACUC) LLﬁ%BJ']UﬂT]ZJLﬁu%@UIﬂBﬂm%ﬂiﬁJﬂ’]iﬂ (LﬁsUﬁLE]ﬂa’li%J‘UﬁﬁN 67

01 002, Juiloydi® 9 nsngIAY 2567) NMsaiun1sAnuluasaldndunnisuansyuLaziy

v

Wuganavd (hsudlans Ymiauasadssd Usendlve) Felasumsiusesunsgiuvsy
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Tngnsuuadnd waznmusedudnenmnisduniieideniegldnismunuguasndaiunme

(%
=< a Y

losulueugmetegnies anuidliunisneaeddseuuta (closed system) BednfasyUy

a

$¥UIBINIARIBTEULTEWELN (evaporative cooling) FauiuN1TANTTaAMAT warns
SYUNEDINFADE NN TE
Tunsfnwadsdl 8ldanansgasgaus anewusg (Landrace x Landrace x Duroc)
NULANTARUYD9 3-6 (multiparous sows) walgnsaneuganan (hyper-prolific breeds)
Fadumiiudilon1suandsgnamnssu (parent stock; PS)
3.2.2 gunsal
1) wdedlslusluwesd nsuwseudiady (Homogenizer)
2) \nveteugumglidmsuiiuinuuaznsmuauUFAnTg (Incubator, oven)
3) gUnIaldmsumsianzidentaziiuineifaegiuden (W 1Tude, nasaiiu
.o EDTA)
8) wisstuissdmiunendsu (Centrifuge)
5) 1ASeIATIERUTZAN Hematology analyzer d1visunsiaiauinidonsiie
6)1A3 peTAnazIlAsIzvineg At d s unaasvlusdulud s (19u

Spectrophotometer %38 Automated biochemistry analyzer)

3.3.3 @150
1) drunauveslvtiulasnaweslsnananais (MCT) Usulvdianududunsnassn
30% way 40%
2) sarinbilauauudusesnluiysmwautngiu CPKO
3) naesealuluasiin (Glycerol monolaurate) 3o luluasiu (Monolaurin)
4) @5AUYALALAIYIYTTUUALAI (WU BHT - Butylated hydroxytoluene, n5a
wiuledn (Benzoic acid)

5) Tween 80 (Polyoxymethylene sorbitan oleate 80)

3.3.4 Maweuiifulasnfwelsfmonadluguuuudady
1) mawieugnsdiaduiiulasndiwelsdatsnans (MCT) sisanugas \3us
Fronaifuthluuiina 13-15% adudusanvesiiiu MCT pndunlelusludiams)
5,000 souUsioundt Lunan 20 undi Tneldiaiesleludludanusags gnsgruduuuy Ao EML

@faturniulasnawalsnaienataningnassn 30%) FUTUNER T UNAULUUTND19D921nAN
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YoYUV URIMIeEY 2503000945 wasidundndurinisnisindegiuiadmienielduy

sudlnlaunum gastiuszneudediunauuntiy MCT naudefiunduuinluuidy didusidn

v '
o w o A

WiduU1dn wagthiugundes sudududadiu 54-58% vesgnsviaiun lnedin siiumansng

o

2

o3niifimmuTan’ 99.9% Tuuiua 14-16% Safianleasendingdu (BHT) TuuSuna 0.8-
1.0% nsauulednil 0.3-0.4% wazniu 80 (polysorbate 80) 1uansvirlwdfadunssialy
dndu 12-149% mdinnesiesdusznounsaluiiufuduiumunsnasinlugasilaitosnd,
30% (EML)

2) ﬁm%’umaﬁ’mmqm@ﬁa%’u%uqq o gns EMPL wag Mono-EMPL i
amududuvesnsnasiniuogiaion 40% lnuandnauvestingy MCT nauauwds 48-50%
wavsiuransnaesndu 18-22% wiaufuususyauves BHT nsmuuledn wasniu 80 Tinsi
ueiugns EML Uaz gas Mono-EMPL TéAusnslaluasiuiifinuuiqns 90% Tud3unu
1.8-2.0% (18-20 n3usionn. #3e 1,800-2,000 fadnsunenlansy) walluandndiuaenens

AADIN

£
U v

UULLINNNTAT WAL UUREAA e zandmsunisUeudimisdinlugn
Y = oA a & v a vaq ¥ & a
ans lngldidudngnu3ums 10 ml auswuamiansedeljialvemvseasiasulunismeass

wazd uNANdNaTY 4.1 uay 4.2 JunaudeniodlaluFlud fiarmasaseu 4,500 - 5,000
rom Mvualvigamgivesdiatuvasdeuazgnaiunulnegsening 28-30°C ialiuilain

1 '
v = 1 o

2
N5daUAITEIMIT tasdseansn1nnisgedueyluseaunfnansdeninn1sinsedagdiu
nsnluiiu esAUIENEUNIALl AUATN LavAuUaRnde199aTIInen tneviaauiRninais
Uszmelng central laboratory (Thailand) Co., Ltd: dailuanuiidinsieiilisunissuses
1NNV URAN1S Tnedinanisdnsigvinanbady asdusenoumaeil wasastailu

a o

dfatu lawansly Table 3.1 - 3.2

Table 3.1 Fatty acid composition of medium-chain triglyceride emulsions (EML, EMPL,

and Mono-EMPL) Experiments 2.1 and 2.2

Mono-
Fatty acid composition (g/100g)" EMLY EMPL*
EMPLY
Caproic acid (C6:0) 0.09 0.09 0.09
Caprylic acid (C8:0) 1.38 1.26 1.12

Capric acid (C10:0) 1.37 1.25 1.21
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Fatty acid composition (g/100g)" EMLY EMPLY Mone-
EMPLY
Lauric acid (C12:0) 3394 41.42 41.23
Medium-chain fatty acids (MCFA) 36.8 44.04 43.67
Myristic acid (C14:0) 5.97 5.93 5.48
Palmitic acid (C16:0) 7.62 9.08 8.22
Stearic acid (C18:0) 1.43 1.45 1.42
Arachidic acid (C20:0) 0.16 0.19 0.15
Behenic acid (C22:0) 0.07 0.09 0.07
Lignoceric acid (C24:0) 0.07 0.08 0.06
Saturated Fatty acid (g/100g) 521 60.84 59.05
Palmitoleic acid (C16:1n7) 0.05 0.05 0.05
Trans-9-Elaidic acid (C18:1n9-t) 0.03 0.06 0.05
cis-9-Oleic acid (C18:1n9-c) 13.21 14.92 13.81
cis-11-Eicosenoic acid(C20:1n11-c) 0.13 0.15 0.12
Nervonic acid (C24:1n9) 0.03 0.05 0.04
Monounsaturated fatty acid (g/100g) 13.46 154¢ 14.08
cis-9,12-Linoleic acid (C18:2n6) 731 i 7.04
gamma-Linoleic acid (C18:3n6) 0.03 0.04 0.03
alpha-Linoleic acid (C18:3n3) 0.40 0.59 0.48
cis-11,14-Eicosadienoic acid (C20:2) 0.06 0.03 0.03
Arachidonic acid (C20:4n6) 0.01 0.01 0.01
Polyunsaturated Fatty acid (g/100g) 7.66 7.59 7.38
Unsaturated fat (g/100g) 21.32 22.42 21.64
Omega 3 (mg/100g) 442 498.42 482.64
Omega 6 (mg/100g) 7,358.63 7,761.14 7,478.79
Omaga 9 (mg/100g) 13,242.06  14,270.29 12,841.89

Note: " Central Laboratory (Thailand) Co., Ltd. ¥ EML: Emulsion of medium chain triglycerides with
30% lauric acid,” EMPL: Emulsion of medium chain triglycerides with 40% lauric acid plus Phyto
cannabinoids, ¥ Mono-EMPL: Emulsion of medium chain triglycerides with 40% lauric acid plus

Phyto cannabinoids and monolaurin.
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Table 3.2 Chemical Composition, Quality Parameters, and Microbiological Safety
Analysis medium-chain triglyceride emulsions (EML, EMPL, and Mono-EMPL)
Experiments 2.1 and 2.2

ltems EMLY EMPLY  Mono-EMPLY

Cannabinoid profile!
Cannabidiol (CBD) %w/w - 0.018 0.017
Tetrahydrocannabinol (THC) - nd nd

Chemical composition?

Ash 0.12 0.12 0.1
Calories from Fat (kcal/100g) 661.59 788.94 748.78
Carbohydrates (g/100¢) <0.01 <0.01 <0.01
Fat (¢/1009) 73.51 87.65 82.42
Water Content (%)% 15.23 15.42 15.32
lodine Value (%)” 47.85 41.89 42.3
Peroxide Value (mEqg Peroxide/kg) ¥ 3.7 473 5.23
Heavy Metal Test (mg/kg) ¥
Arsenic (As) nd nd nd
Cadmium (Cd) nd nd nd
Lead (Pb) <0.050 <0.050 <0.050
Mercury (Hg) nd nd nd
Total plate counts %
Salmonella spp. (in 25g) nd nd nd
Total Plate Count (CFU/g) <10 <10 <10
Yeast and Molds (CFU/g) <10 <10 <10

Note: V Central Laboratory (Thailand) Co., Ltd. “ EML = Emulsion of medium chain triglycerides
with 30% lauric acid, ¥ EMPL = Emulsion of medium chain triglycerides with 40% lauric acid plus
Phyto cannabinoids, “ Mono-EMPL= Emulsion of medium chain triglycerides with 40% lauric acid

plus Phyto cannabinoids and monolaurin.
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aunsaUsiliunavasiiazngunaass Taudsfduiusseninedadelaegauwiug lnsang
TughsiatinusniAafiuensiety uazdnslémsinneiaitugaiionuauiazanain
wUsuniuveeyainnvangnauuazvatedadelunanseaiu

AUNITALVUNITNABDILUY augmented factorial design YUIA 2 x 2 w%’amszu
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Figure 3.1 Diagram showing the design of experiment 2.1

2. fumeunIMAaes
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MvuneaeatnalAesiuliiy 14 Ju

(% L3

2.2 \ilauignsnaeninnisdesiimungnansusnaaenndl Lagyindyayianyal
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Sudi 5, 14 uaz 18 Yundsnasn LLazﬁmﬁ’ﬂﬁwmqﬂqmﬁmq 24 57134, 5, 14 wag 18 Ju
vdanaen lngldinsestsrivianiianuutugr 0.01 n3u
2.7 9NTINTANY ULASHINANITANLNDUNE U AALUAS UAYAUUALLINIGAIS
ﬁuﬁﬂaﬂLwlﬂﬁmsﬁuaﬂqﬂqmmﬂ Jackman et al. (2020); Kongkeaw et al. (2025); Wilk et
al. ( 2021) Gsenansouvseeniu 4 a1 Usenaueie
2.7.1 nseatnua (Milk starvation) vinefia gnansiidsdiadesannnis

Aa151MkaglllAS UL LaRIDINITNBIITIUIN LagHoUVTUBENTULSS
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2.7.2 anzeaune (Weak state) manedia gnansfidedinidesainann
$unefigounaiiods dnwuirfivuiadaudn awsanudiulasinszgnusngdn viedlse
30399720317

2.7.3 gnuaiiu (Crushing) aunsnidadeiilognansganuingnsrunuvildul
ans viiefioimsuansiamegaiignnaviu sy

9

2.7.4 fouids (Diarhea) iszyainenmsiinunivesdldlneseiiles 1wy i
AsUAwEesuTnnsounvin Syaidouniuiname uasdindulsifisUszasd Gesuiindaus
\Nndls 24 %’JI@JQLLiﬂLLawﬂaamj"NiBEJBL’Ja’]m’iﬁ]ﬂum

2.8 Unauaniundos wagiiuuild$u (colostrum and milk intake) Aua
Tngldaunsilauniseessudmiugnansiageu

2.8.1 ﬁmmuyﬁgﬂmﬁmﬁqf}qnﬂﬁ% (Colostrum intake, CI) (mL/piglet)

ATUIMIAYRNNTT = -217.4 + 0.217t + 1,861,019BW,s/t + BWg x (54.80 - 1,861,019/t) x

(0.9985 - 3.7 x 10™FS) + (6.1'x 10" tFS?) (Miguel et al 2021; Thongkhuy et al. 2020)

gt A9 LAaIRan (TIlu9)

=

BW24 fo ﬁmﬁﬂﬁagﬂqmﬁ 24 F3lus
BWB  fo ﬁmﬁfﬂﬁagﬂqﬂmimﬁﬂ
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2021; Thongkhuy et al. 2020)
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195U (misiegnansntleda) lnedayaranuagniiviagiiassiluguuuuiunsgiudmsugn
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Figure 3.2 Diagram showing the design of experiment 2.2
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1 A59 Juil 16 wergenassililunisdudaiingn 4.50-5.50 NN, 9 2467 (GNINAEL) Nau
NAABIAE 8 A7

3.5 UsgiluUseangn nnisiasaiulnveasgnans wasUSinamninmaes-uiuam

(%
v v v

195y 5 fdanan loun
3.5.1 AUTINNINYDIGNANT TIUTENRUAIY YUINATINGNANTITTIN VUM

asentuiun 5,14 uay 18 Tunanaen uwazdmtindivesgnansnely 24 galug, 5, 14 uay

'
o Y

18 u visnaen lnaldiaTosdsmavianiianuulugl +0.01 A3y
(Y] { ! ) ad
3.5.2 9M31M13818 wavanvgnisnienawneuy Wuldaunseudsnig was

ALUAN1TANY AwlUalta1n Jackman et al. (2020); Kongkeaw et al. (2025); Wilk et al.
(2021) Beanusouwuseaniliu 4 g Usenousie

1) nMseaual (Milk starvation) n3184 gnansiidediniiiesannnis
ea1se I shalilasuiiug wanieINIsHenIUIN LagkoulNINoEIITULTS

2) aN1780UKD (weak state) Mg gngnsMidedinilosananin
' a & o LY 1A G- < o 4
SuMefigeuwasese dnnuindlvuadian awnsanuiiulasinseanusingda vieilse
FRERIGTY

3) gAWNTIU (crushing) anunsaifiadeiliegngnsgnnuitueunuusiule

| A A 5 = ) & v

wilgns vseliensuiNTanIzynignnaviu [Wuay

'
= a

4) viouide (diarrhea) N5zynoINsinUnRvesaldlnudaiiios 1wy &

v =2

ATIUAWABIUTIMTEUNIVIEN Hyaleuniusianie uazdndulifieUszad Feduninasud

NADe 24 FIUUINLALAABAYTINTEEELIAINTAAUY
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3.6 USunasuutimdes uaztiuaiild$u (colostrum and milk intake) Fwuasy
Tngldaunsilauniseensudmiugnanstagau
2.6.1 U%mmuuﬁwmﬁaaﬁqmqmlﬁ%’u (colostrum intake; Cl) (mL/piglet)
FulABaunIs = -217.4 + 0.217t + 1,861,019BW.e/t + BW; x (54.80 - 1,861,019/4) x
(0.9985 — 3.7 x 10™FS) + (6.1 x 107 tFS?) (Miguel et al 2021; Thongkhuy et al. 2020)

Tngn  t A9 LAYaIRaN (TIlu9)

v '
A o v a

BW24  fe Wwitindgnansi 24 $alus

1%
A o LY

BWB __fB dnunaignansisniin
FS A8 g9n1snaenvedusians
2.6.2 USaadnuafi LA su (milk intake; MI) g/d Arunalagaunis = milk

required for maintaining live weight + 1.168 X Gain + 0.00425 X Gain? Tnefl uufidoinis

A aaa ]

ednuminga i figinmingy 317 ndusesu luduadiid 1 (Suit 3 89 5) (Misuel et al
2021; Thongkhuy et al. 2020)

3.7 nansusnaAnontiania 509 ¢ duidengnans 41w 355 ¢ 1ugnansd
anunsofnanutmdnldnaen 5 Tueghsdaiau Qﬂ%’mmjmmﬁmﬁfﬂLLﬁﬂﬂaamaamflu 5 S¥AU
Iaun Waminusnaaea@anga 0.9 nn., 0.91-1.05 An., 1.061.20 AN., 1.21-1.35 An. was

1N 1.36 NN nguAuAY (CON, n=90), ngxlé#3u EMPL (n=118) laznquitlé3u Mono-

EMPL (n=147) msfinyasatigatiunisuseidivanudadiavan lawa 1) dns1nsasayduleda

a0

NY39987 24 GIluakay 5Unaeaen 2) USUauiimaesignansiasu (midegngnsnis

%

a H a Yo 1 = o v o o
77) wag 3) USunadiuaiignansiasu (miegagnsuiled) lngtayanvuagniivuay
ATV UYL UUNNINIFIUAMTUNAN TUAGEAIE1aLBENLATIANIELAI WD LWNT

= = < 1 1 o = Ay o = &

Wiguieunaduliegrausiuguaginensaluaiidedsant

3.8 gudadmtinilegnansilengasu 16 Tu ieliengngnsdmiviaisiien oy
A v S v ! = I v ! !
Weniamggnansinag il minluge 4.5-5.0 nn. iiaiudIunuveusiazngunIsNaaes
LAZATRUARNYINMTINLINAEATY 5 939 M1UN15eRNLUUNITAaadludIuN 2.1 dmsunis

! = ! ! ! = o U ! U 1 1 EO/ L%
dunzifenlulsazngy AwdudengngnsduIu 50 67 (nduag 10 i) laglunsazyinimn

1 A o

AUE9NANANTIIUIU 2 F2 N1SAUMBE1LARALALLIIEIARANALNUIADALEEAG (cranial

9 Y 9

vena cava) FaegdnliRantauiingiuneiudeniorn deduvuin 18 G x 1.5 13 1den

v v

nlignusseatlunaeaiuidenyiia EDTA uasiiusnwilugumgd 4-8 samiwaidvariui

Y 9

naanAudenyin1stusennanaunnieias el wndeainanusa 3,000 x ¢ Wuan 10

a A a ~ a o 2 A av v 2 o d'
U NUNNU 4 DIALYALYYA ﬂ']EJIu 30 UNNUAINTITEAULADA Wa’]ﬁﬂ']mlﬂgﬂLﬂUﬁﬂUqw

9 Y
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gauunndl -20 asAwaea nelu 24 FlusnauidnsiadnseilureslUanis n1ns9

9 U
LY <

Hudadonauysal (CBO) sufsmnsfiwesvedndenuns Wadionv wazindaden fae
\5a93iATIviEan ABX Pentra 60 hematology analyzer (Horiba Medical, Uszineans aieia)
LﬁaﬂimﬁuﬁﬂwmwmLﬁammmmmgmmﬂa (Oliveira et al. 2018; Pinto et al. 2023) &3u
nsaszilusAulunatann Ysgnaudisnisinanuidudueeslusfiusiy (total protein)
dayiiu (albumin) uazlnaydu (globulin) lagldisnaaaun1s@uALlINITTIUAUKLINAYDS
neSINeImaRndnIunng (Thrall et al,, 2022) AnudugulusAusIy (Sari et al., 2024) g
ANuuduresdayduialagldls Bromocresol green binding assay Faulasiuneu uay
Anneieniesinduaiiludensnlusi® PKL PPC 125 (Pokler Italia, Uszinadnna) Tuvny
fruiduturedlaaydusiuialognismainnuiansisszndsnududulysiusw
wazdayily

4. MeRATIEneEdd doyaildannimesesiitnseilaglinssuaunisuuy
Tunaidunsesialy (seneral linear model; GLM) HAuluswnsy SPSS 1839w 26 3Lase
ANULUTUSIUM A 83 (one-way ANOVA) seiummilfodidgmsadagnivunlive
P<0.05 dmFuMNN1531ATI99 HadwsTenuagnutausluzUkuUARdsndauA1A21Y

AANALARBUNINIFINTRLAIRAE (mean + standard error of the mean; SEM)

NISVAARY 2.3 MIANYINGANTIUNANTUINAN: HANTENUTBIATHASUsDAIY
wdusauarnsdntasulans

~ 1 M v dy = ) s ~

\esannuiennass esn13nnasd 2.2 kilansawen duduuleuisveesfns Lie
ananmigmnisinlioainnistitaiesie anlon@nisuinlduainnisidinies tagidudiu

wilsaiaRnndnd Asludnnusessesviaunavinalunt dadunansznuvesiunginssy

[

3 ~ a
POUTzaEdn LWaUIZLUNAYDY

[ Y o a =

N13IAFIRUNFIAY WANTIUNITTIVDWAIUY A UT 9L

av v v 1

@NG%MMULLUUG}@WNQJLL%\?LLN anﬂiiuﬂ’li@jﬂuuﬂaﬂgﬂﬁﬂﬁLLiﬂLﬁ@l ﬂ'ﬂ']llaﬁﬂ’eNWQaﬂiillﬂ’ﬁ

q

[

udstudnfadunusl waranmiuguuswesseslsavulunthiiAnanmsied
1. Sunsumsnnaes

1.1 §Adeldidengnansusnifn i 216 2 gnawaderiomn (Gongnans

FIUIU 6 AIWDATEN TIUIU 36 AIFENAL) NUUANTIIUIU 18 ATEN Nnualidanans

dwinusnifnadesening 1.20-1.50 nn. gndudenainnismaass 2 (uiseudnldgnans

509 617 913U 36 uil) wagivualvgngnsusazimgnrineaseminganziazdlaglidlule
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wiU aua 2x3 a1 Aevnamadlitaau WioszyuazAnnusldegnausiug dudunmaifv
Toyarunginssuvedgnansvnintendes CCTV fae 2 Useiiu

Ussidiudl 1 e eufivemmginssumisdsau 2 ass tneadadl 1udsainteu
Awmaaosndedl 1 (Frnmstou 8-12 $1lu9) uazadsdl 2 ndsfleudmnasndsd 2 @asvinis
Joulutuit 3.5 vdsnaon) Tufinenuidvemeinssumdsteuri 2 ads el 2 Falus

Uszifiuil 2 Tufinazuuusessesuiaunatinaluntiwesgnaninaen 5 Ju
NIAADN

1.2 fumeumstiufin uasUssdiunnuiinginssuvesgnans (Wsndudl 1) Ao n1s

fufinanuingAnssuysdsaudmiugnans wu nsimiuausl wneAnssunisduaeadn
Ul uarAUTULIWEINNIsRed Wudu ddutuiindeya 2 afs adsd 1 ndwndeuds
naaesnsed 1 (@ 8-12 F2lae) wagadsd 2 Tutuil 35 Sundseaen fwuafdie uaziuy
wunstufinng@nssuainamilegdouvdwsiussuundenastiadsiamiledusians 1.8-
2.0 Wn3 Usgnoungy

1.2.1 AUInAus v3eAaRAULI AU (suckling frequency, SF)

a

nnefduIUATINgnansudazdtlnai Iy wagldaynaunsoausIuuktansaiely

b
F2a0an 2 Falumdsarnnistleudmaaes dfaulastuneumsfnyingAnssuain Puppe and
Tuchscherer. (2000)

122 388812817 g ngn3id 11 InAuUNAS wInaud1S (latency to first
suckling, LFS) minefisnisd unafigngniusazsamdsanldsudmeans Inoudesnioudy

ndundinasannaislunen Junaitinarilusulsgnansgaundiia Jaaunsaduns

[
Y

WORNTIUNITIVIDNAILN kazn STl IAIIINN1sanuLdsa (i) Faludin

=

A9ANULT LT ILAZAUNTLADI S UVBIaNaNT LazAUd S lun1TlaSuuNUIMADY Use

Y 9

£%
o
atlnaial

B’

\ ///
Score 0:

no visible lesions minor scratches moderate lesions not severe or extensive

(<5 marks) covering the entire face wounds affecting much
of the facial area

Score 2: Score 3:
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Figure 3.3 Grading scale for facial lesion scores (0-3) in neonatal piglets, with 0 = no
visible lesions, 1 = minor scratches, 2 = moderate lesions, and 3 = severe or extensive
wounds.

Adapted from Dividich et al. (2017); Wilk et al. (2021); Zhang et al. (2022)

1.2.3 msﬂsmﬁquﬁﬂiiummaé’ WAZWHANITUNITTUIDWAIUY (teat
v = d' a 1 14 d' 1 %3 ¥

order engagement; TOE) 3aUuiinAMud wgfinssun1ssed tiengaduasasiiuy angly
9739780 2 99 BaIInMsUsuEIMAaRY Lagp19899735n1591n Skok et al. (2014)

1.3 nsUseiiunzhuLuInkNauulunti (facial lesion score; FLS) (Usetiud 2)
MvuatuinAzkuNANTULTIUIRLHAUUlUTITeaNans MruanaduiinAziuuAINgY
L39Y95¥NINAT 10:00 £9 12:00 . (Maen 5 T1) e munanasgIun1stuinuInwgean

| o . [V = P Q{' o v

AZLUUAIINTULSY 4 520U (Figure 3.3) laun Azwuy 0 nuneddddiivinunanuauiule
= <@ v a ] 1 a 1 = o

AZLUY 1 ABUIALKALANUDY (598TndulaiAY 5 WA AZLUY 2 ADUIABKNAUIUNANITIIUIY

WINLALIATAUAGUTILUNT uay AU 3 ﬁammmagmmﬁﬂsamquﬁnmiwﬂwL%‘]u

TIUIUNINUIOVUIR LYY 1n801989TUNBUNITUUTANDIN Le Dividich et al. (2017); Wilk et al.

(2021); Zhang et al. (2022)

3.3 nsMAassil 3 mavanziivanzaulunsuaandalasiouwalgansaluiuaenans
uduiifidiunanvesasaindave uazluluassulaglénszuaunisiudauuuviunos
1. gunsal

1.1 \n3edlaladlinwas (Homogenizer) $u WIGGENS D500 (WIGGENS)

1.2 wdoviaanududutmalaeliuninlnfines (Brix Refractometer) Ju
NicetyMeter 1-50 Brix

1.3 130enAn pH

1.4 w3asdunios (Centrifuge)

1.5 widesinanumila (Viscometer) wuu DV — E (3) Tngldvinmneian 3 wae
A21L5259U 200 rpm

1.6 13esinAnutuduinsluemns (Water activity meter) $u Labstart-AW
80 Novasina Uszinaainigosuaus

1.7 w3ssvhusiawuuniueles (Spray dryer) wuungdaladiun u SD-5L-FB

1.8 gauauiau (hot air oven)
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1.9 idesu 1u Jnines vasannaes uazaTuzLIUTIENIHIBEN

1.10 dluaeu vue 100 lupseou

1.11 w3esinvunnuazn1snszanefivesdiatu (Laser particle size
distribution analyzer) iq'u MALVERN Mastersizer 3000

1.12 w3asiadnslndh (Zeta potential measurement)

1.13 AzLATITOUNITUIA 355 luAseu (50 L)

a o aa 1

1.18 indpstniminasvafiauuiug 0.01

1.15 indosilednsuTarudu (Moisture meter)
2) d@15iad

2.1 uaalaAnesud (Maltodextrin; MD)

2.2 Tassagium (Sodium caseinate; NaCas)

2.3 13U 80 (Tween 80)

2.4 d@uwlu 80 (Span 80)

2.5 an3naean (Lauric acid powder 99.9%)

2.6 wiluluassu (Monolaurin powder)

2.7-n3ntuuledn (Benzoic Acid)

2.8 @3nuNes (Anti foam)

2.9 a1stlesiunisoendindiu BHT (Butylated hydroxytoluene)

AsNAaRY 3.1 Mydndiudiadlisesimuizaudoldiosnnwvesdiady
1. fnguigasd ilevndagauimnganiianszniiediiadlniess Tween 80 (wou
1) uay Span 80 (voutiiiy) fidwalildaiaduiifiadosningean dwivseduamududy
YDINIARBINTIANGIITY (40, 50 4% 60 %)
2. 9ONLUUNISNAGBY LNUNISNAABIT LT LHUNISARBILUY factorial YU 3xd
Aeld CRD Garuuntlade 2 i Ao dauUstladendn 3 seau wavdudstiasoses 4 szau
favun 12 naameans Tnsusaenguasdumhenaaodld$unisduetsanysal
3. muundadedmsunisneass
U298 A Ale sEAUAMIINTUBINsAaesn (lauric level) Tu core material 3
5¥AU Usenaunie Al Ae 40%, A2 @D 50% wag A3 A 60%
U948 B Ao dadaruszinediadlvioasaoswila (Tween 80 uay Span 80) 4

seaU Usenaumie Bl Aa 90:10 B2 Aa 80:20 B3 Aa 65:35 way B4 A 50:50
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Jaduenuan mawseululasiouwatya fe seunsluveaasedslidluwesi
Tdmnusa 12,000 rpm Faaelieuyniafiinduiivuadnuazaiaue Snviedimuauiuney

[y I v

MsWsEUdUNENTARLNUNAN (core) wagTanviony (wall material) Inefimundnsadu core

q q

a

e wall windu 1 e 3 lnedenldusalawindn3u (maltodextrin; MD) wazluifauadium
(sodium caseinate; NaCas) Lﬂui’aaﬁaﬁu TngMuuUndndIu MD ma NaCas W1AU 4 s 1
(Foyaannzidulumunaunnasad 481989910 Tufd M1msERa (Fundamental Fund
2567) dmudumeunisieeudunant asuannsininduiiiiunise g eundeg udl
pamgiivszana 70°C Wi ali Yansievuisasiinararouasnsyaredaldanysal newiily
Funsumssanifu core material waziingnsvuaumslalufluety wolildlilanouuadyadd
Trssadoudouss axinaue uwanmnedmiunisussdiuneudaly wu msviukuuuniudes 3
Paelindlalnsieunauyaildfiantinsaraeiuasuandiideilsiduifsoly
4. fupoumsvaaes

0.1 Suneumsiwieudiadudmiunsvases Tunswssudiatudmiuns
naaewnssil ifeenuuuddadulasinsananududuresnsnasinty core materials lisnin
40, 50 waE 60% laruashdITeniTuLaYan I e8TaT lnloes (Tween 80 way Span
80) audeyalu Table 3.3-3.5 il sllunsnasoulaiosnnvo Baiatu Tasuysnisvnass
sanlu 4 gasviantuusiazszauauidndunsnaesn fe 90:10, 80:20, 65:35 kaz 50:50 dhausn
yhmsdsdumaureshiuRuusassdauaznansnaeinanudasdaulunn dssenoudae
Phyto cannabinoid extract ot ludsusEalunduiv dhdusdm diundy dudhwdes
wansmae’n uaznsliluaniu Wesanst u8sadu Tween 80 uaz Span 80 TuuSinausuges il
AuAuA HLB vasddaduliioylurisfidoinis Gusazansiiar HLB sausdl 14ud 8.84 gas
90:10), 8.67 (@5 80:20), 8.41 (@A3 65:35) wag 8.19 (g5 50:50) uonanil Tunngnsaziiuans
fusendindu (BHT) luuiinm 1 nfu Wevraonindeuanimuesdifady nduidiuna
favualunaudaeiiodaluilueeiiigamal 105-110°C Wunan 4-6 dalus vioauldbiadud
fidnwandaidounazaiiaue %umauqmﬁw MN13A1UIMA1 HLB (hydrophilic-lipophilic
balance) vesdifatunsargns lneiansanaindl HLB yosingAuthsuusiazuiia (A1 HLB w89
core materials = 7.86) wazasiaaeuliivanzauiugesiisonuuuly W ethluusifiusadiu
LaﬁsJ'imWLLaw;mauﬁ'aGuaqSﬁa%’uiu%umauﬁmiﬂsuaqmimaaq

4.2 MImnundaaIusenIelatlnieasassuila (Tween 80 wag Span 80)
fi91504197nA1 Hydrophilic-lipophilic balance Tnedi Tween 80 61 HLB gauszann 15 G

wnedadudladlniessnveui (hydrophilic) mngdmsuasiddatutinluingiu (oil-in-water
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emulsion) waz Span 80 ff1 HLB sUsza 4.3 &ududfiveuindy (lipophilic) i

dmsuddatuiniulgiu (water-in-oil emulsion) @%SUNSAUUAEAAIUTENINE Tween 80 AU

G

Span 80 Tudnduilvungauazlaan HLB v0sd1unaningsnual HLB idesnsdmsuddatu

wiladu 9 Wolil

'
ya v v A

ABUAYUN

Waswumuindndiuskandly Table 3.3-3.5

HLBmix:f x HLB Tween 80 T (1_f) x HLB Span 80

el f Aodndiuues Tween ey Span 80 Tuaiunan (Ineimtin)

fAuiaiesaedn (Singpanna & Charnvanich, 2021) laggns

Table 3.3 Emulsion condition of Lauric acid concentration in core materials more than 40%

and evaluation of HLB Value (Hydrophilic-lipophilic balance)

HLB Oil Lauric acid concentration in core materials > 40%
Oil raw material

in raw Total Total Total Total
proportion 90:10 80:20 65:35 50:50

material HLB HLB HLB HLB
Phyto cannabinoid il 8 38.00 304.00 38.00 304.00 38.00 304.00 38.00 304.00
Rice bran oil (g) 8 12.00 96.00 12.00 96.00 12.00 96.00 12.00 96.00
Palm oil (g) 8 8.00 64.00 800  64.00 800 64.00 8.00 64.00
Soybean oil (g) 8 8.00 64.00 8.00 64.00 800 6400 800 64.00
Lauric acid powder (g) 8 15.00 120.00 15.00 120.00 15.00 120.00 15.00 120.00
Monolaurin powder () 5.92 300 1776 3.00 1776 3.00 1776 3.00 17.76
Tween 80 (g) 5 13.50 20250 12.00 180.00 9.45 14175 7.50 112.50
Span 80 (g) 4.3 150 645 300 1290 525 2258 750 3225
BHT () 1.00 1.00 1.00 1.00
Total HLB calculated
Emulsion 8.84 8.67 8.41 8.19
Raw material 7.86 7.86 7.86 7.86

! Phytocannabinoid extract oil (hemp leaves) in crude palm kernel oil, hemp leaf to CPKO

(12%) ratio, using temperature 105-110 °C, time 4-6 hr. (g).

Table 3.4 Emulsion condition of Lauric acid concentration in core materials is more than

50% and evaluation of HLB Value (Hydrophilic-lipophilic balance)
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HLB Oil Lauric acid concentration in core materials > 50%
Oil raw material

in raw Total Total Total Total
proportion 90:10 80:20 65:35 50:50

material HLB HLB HLB HLB
Phyto cannabinoid il 8 32.00 256.00 32.00 256.00 32.00 256.00 32.00 256.00
Rice bran oil (g) 8 10.00 80.00 10.00 80.00 10.00 80.00 10.00 80.00
Palm oil (¢) 8 8.00 6400 800 6400 800 6400 8.00 64.00
Soybean oil (¢) 8 8.00 64.00 800 6400 800 6400 800 64.00
Lauric acid powder (g) 8 23.00 184.00 23.00 184.00 23.00 184.00 23.00 184.00
Monolaurin powder (g) 4 300 1776 3.00 1776 300 1776 3.00 17.76
Tween 80 (g) 15 13.50 ' 202.50 12.00 180.00 9.45 14175 7.50 11250
Span 80 (g) a3 1.50 645 300 1290 525 2258 7.50 3225
BHT (¢) 1.00 1.00 1.00 1.00
Total HLB calculated
Emulsion 8.84 8.67 8.41 8.19
Raw material 7.88 7.88 7.88 7.88

Table 3.5 Emulsion condition of Lauric acid concentration in core materials more than 60%

and evaluation of HLB Value (Hydrophilic-lipophilic balance)

HLB Qil Lauric acid concentration in core materials > 60%
Oil raw material

in raw Total Total Total Total
proportion 90:10 80:20 65:35 50:50

material HLB HLB HLB HLB
Phyto cannabinoid oil” 8 27.00 216.00 27.00 216.00 27.00 216.00 27.00 216.00
Rice bran oil (g) 8 8.00 6400 800 6400 800 6400 8.00 64.00
Palm oil (g) 8 8.00 6400 800 6400 800 6400 8.00 64.00
Soybean oil (g) 8 8.00 6400 800 6400 800 6400 8.00 64.00
Lauric acid powder (¢) 8 30.00 240.00 30.00 240.00 30.00 240.00 30.00 240.00
Monolaurin powder (g) 592 300 1776 300 1776 3.00 1776 300 17.76
Tween 80 (g) 15 13.50 20250 12.00 180.00 9.45 14175 7.50 112.50
Span 80 (g) 4.3 1.50 6.45 300 1290 525 2258 750 3225
BHT (g) 1.00 1.00 1.00 1.00
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HLB Oil Lauric acid concentration in core materials > 60%
Oil raw material

in raw Total Total Total Total
proportion 90:10 80:20 65:35 50:50

material HLB HLB HLB HLB
Total HLB calculated
Emulsion 8.84 8.67 8.41 8.19
Raw material 7.89 7.89 7.89 7.89

5. ¥ ¥a Useiliunnaaiiosnm uazanandivesdiady mufimsdndenaniaed
Atanuitethluiiesedludusioly Ussnoudae
5.1 Qmauﬂ’amqmamwﬁugm Usgnaudng Usinuvesudsiomaiiazaneld
(total soluble solids; TSS), A1Audunsa-L1ua (pH) Sulinshendunsy (creaming index;
Cl) atin1sanAzneU (precipitation index; Pl) AUASEIREANSLENTUASL (stability against
cream separation; SACS) sufinisuenduLTy (oiling off Index; O) AIUNLA (viscosity)
Faaulnliluddady (foam fraction; FF) fisneauidandsiollil
5.2.1 NM5IANsUenTuASY W38 creaming index (CN) 1t aduluaningd
Anunussyddatuaduvaennaass wuin 15 ml nelilugamaiivies 13an 0, 4, 8, 12, 16,

(9
a v o Y

20, 24 hr, MMFTAANNEIVRIRLNOUAYY UarAINgIvedladuivun (Haduns) Loy
Aramvuuresindutiasndith seviafuinuudinlutuassiatugaindiuuuresdiiaty
{Annsusndudiunesainduuas (cream layen) agffiruut vagidanld (serum layer) o)
AUEN asaAUaINATinsIAnAIL (creaming index)

Creaming index (%) = 100 x (Hs + He) ------- Y %

lng? Hs (mm) Ao ANNgveBladuduila

He (mm) fe Augvedladuiaun

v o A

5.2.2 MyinUsungnau (precipitation index; Pl) dhdladuiinauluuda
wasluvaeaneasd 15 myiudl ndsnuunigly 2 Falus dilunduingiahioungamgl
35-40 pamwaldua Woruly 4, 8 war 12 ilug YMTInANgwewmEnaudund uagaIy
gevesdtiaduianun (Uaduns)

Pl = 100% (Hp + He) -— %
d‘ A 1
We  Hp Ao ANgUBddIUngnaU (mm)

He fio muganavanvesddatu Wesuly 12 43lue (mm)
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523 n157AAILAIHIN BNITRENT uAS Y (stability against cream
separation; SACS) % (10 ml, Jumies (centrifuge) 3,000 rpm, 5 Y7)
SACS = 100 * (Hs + He) - %
g Hs Ao Avwigavesaula (mm)
He o ANugmLRvesdiatunoudumies w Falusdl 0
(mm)
5.2.4 Ms¥aAnuasiadensuendu sl ndudnumie (Oiling off
index; Ol)
Ol = 100 * (Ho =+ He) -— %
o HO Ao \urnugeuasdaninsy (mm)
He Ao iluaugeiavmndsady (mm)
5.2.5 A1unila (viscosity) DV - E 3Tanunetay 3 mMvungamvgives
BiTatu 30 °C A5250U 200 rpm 14138739 30 3unT e P waz % Torque JaUszidiu
Aneamueaduinaumile (Guues 3)
5.2.6 A1A9N3I5UVIUNBETE (Water activity, a,,) ¥rdsatudinauluundy
anelu 4 Falus figungdl 28 osrwalToa delA3os LABSTART-AW H929551319 0.1 - 1.0
Ay
5.2.7 N153LAS18Y L0 85 N0 I8 0 AT Y (Emulsion stability index; ESI)
Sifaduilmssuasouds fenvlisseraal 10 Wil Wileldeans 1 68 25 dau TneuSuins fe
asazavlgfoulandadtame (sodium dodecyl sulfate; SDS) %38 Sodium lauryl sulfate
arunduduiesay 0.1 Inetwidndeusunns udeintuinnisganduuasd 500 uiluwns
$re cuvette Buante 1 wuiuing taslddndudusnnsgu
ESI = [Tox At] + [To_ Tyl
Toedl  T,= ﬁ']@@ﬂﬁmt,mﬁ 500 nm SpTiuTindsaneSeudiady

(%
v v a

T)o = AgAnduuasii 500 nm Adnviufivdekediiatuiidly 10 wf
At = svgznaninedtatufiall = 10 wiil
5.2.8 Mmyeseianuaunsalunsiduddadless (Emulsion activity
index; EAI) Wdsatuiindouasaudn wainalAsyasina 10 wift Wioideane 1 do 25 du lng
Usuns seasazanslafenlawn@atamne (sodium dodecyl sulfate: SDS) AMLILTUTOY

az 0.1 lngdminsad3uins vasniuianisganiuuasi 500 uluins A7 cuvette
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uande 1 wuiwes Wngldinauduinesgiu lnefienududuredusiuiliazdmans
Uszansnmlunisadrdiatukasainueades
EAI (M%/g) = (2 X Aspo x DF) = (C x 1 x @ x 10%

1N Asgy = AMNIAANGUULEY (absorbance) AiAUE1IAGY 500 WIlULIRS

o 1
YV Ay v o a

(nm) wesdiaduiniuninaasdiatunald 10 urd

DF = 8m571n19199974 (dilution factor) (25 @)

C = anuntuveslusiuluasazarsnoun1siindlaty (g/mL) lag
muualirULduredlUsAY (¢/ml) = wavedlusiu/Jsinnsvesarsazats ml = 60 + 500 =
0.12 ¢/ml

| = path length ¥84A LN (10 mm) (Path length 10 mm, Inside
width 10 mm, Volume 3.5 mm = 45%12.5%12.5 mm = 7,031.25)
@ = Snsrduvessiuludiaduiimun (fraction of oil phase)
10° = Arasiifldlunmsulasmiedisliien EA gty m¥g
L{¢ mﬁlmwﬁ%uqq Usznausie (@vsuaniieimunzaw) TAUUINBUNA
(droplet size), NM13n3218AIVB98UAA (Polydispersity Index ;PDI), kagfA1And@nn (zeta
potential) FeAsas Laser particle size distribution analyzer) MALVERN Mastersizer 3000
5.4 Microscopic images of oil-in-water emulsions state (magnification 40X;
50 Km)
6. MIATIZINNEDA WhdeyadiliuAinsziaim LY sUTIuvesteyarieds
General Linear Model (GLM) A13sNun13nAasILuy 3x4 wilnvetsea lu CRD layld
TUSWNTL SPSS 19959U 26 Lile3tATILYALLUSUTIU (ANOVA) wuU two-way factorial R
Lﬁumsmaauwaﬂiswumaﬂﬂa%’aﬁgﬂaaﬂl,l,awﬁ fuiussevinadladeffidedulsanusig q
P<0.05 Tunsdlifinumnuunnsing nan1sinsevieedsssnintanauazgnilieuiiiousenis
nadau Turkey’s Honestly Significant Difference (HSD) a1u35u94 Steel and Torrie (1992)

LDTPUANHLANANTENI MR AYBINgUog 19T uLATILEN

n15nAaes 3.2 MsAnvdadeiinunzanveinsruIunsyiuisLuunudegse
A nvasrslilasiouLalYa

[ s Y

1. Inguszasd iafnwianiznisviwisiuuniurey (spray dry) filangauign
ndadeanududureninasin uazguugiauseuvndn (inlet air temperature) sia

AN mMeasanfuandlilaseukaUganlandtatuanienaignannIsnaaes 3.1
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2. 19UHUNIITNARDILUU factorial ¥u1m 2x2 Tu Completely Randomized Design

(CRD) Imawéﬁ’asﬁ’uﬁ'amwmmxauﬁ'qm lauric acid 40% wag 50%, Tween80: Span80
(80:20) §iadeit@nusail

U238 A fle B1ladu Lauric acid concentration in core materials (Oil) Aviunli
1 2 56U Al fip 40% Way A2 fim 50% Nl Ratio between Tween 80 and Span 80 (%)
Awangas 80:20

Jady B Ao qumgfiauioui i (Inlet air temperature) A5l a1y
Joudua3es Spray drier vi3e wdauiusiauunulos S1uI 2 sedU BL Ao 190°C way B2
A9 220°C

Yik = M + A + B + (AB)j + Ec

e

Vi Ao mansiavienadwsdivsuurinmes A lusedud i (0% v 50%) uaz
uinuned B Tussduil | (gumgliaufou 190°C wiia 220°0) Tun1aveinsd k

W Ao Auadesivesdsyannsdiavan

A o navosunniaes A Aszau i laun dadrunudusunsaassnlu core
materials (40% uaz 50%) Wneagneleidndiu Tweens0 uag Spans0 Fvianzay 80:20

B, fle Havauilniaes B Msvdu j loun gamnfiauseudiiniaies Spray drier
(190°C way 220°C)

(AB), Ao NAURENWUSTZMINUNNNDT A uaz B 520U | WA j

€ AD ANAINNARIALARDUduVISRTRRANA AR UlULAaY N SAADS

3. i aussidiugunmewmandasinlalasiouuaugaludiuineg Ussneudas

3.1 Usz@nSaamnszuiunis Usenaunae nande (spray drying yield) wag
UseAnSnmnn1svionu (encapsulation efficiency)

3.2 AUANUANIINIEAINYDING UTENauMIY A, water activity (a,) A7
nu Uy (bulk & tapped density) Ariin199nAIV0NY (compressibility ratio) ANAINN5A
ELums@mmm%u (hygroscopicity) wagaauansalun1sazaie (solubility)

33 anaudaniwnd Ysenounie asdUsenauniaad (lUsau luduy

Aslulansm) Usununsaledusidnmige wazandasny

¥
i
N

CPKO and MCT Oil Spray deier ‘ ‘
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Figure 3.4 Ingredients diagram for microencapsulation powder preparation
3.4 dnuaieneduguinet iumnsivaeulasainiendesqanssal

BdnnsoulUUdRINIINYTnTladdliatu (FESEM) 8% ThermoFisher ju Apero 5 g3

YUn 500%, 1,000x ez 5,000x Figure3.4

4. YUABUNITNARDY
4.1 MHSosiuvawuunues (Spray dryen) #iin Fluidized Bed Spray Drying
$u SD-5L-FB 901RSnsINswiven1 5 Ansdedalus

4.2 FAUNALDLATUTMNILALYDINITNAADY 3.2 NIdN1ILAIRNURNINYD LA

a

A o 4 1 ) v a T a ) ¥
LWV L UUN UK BEAINUBILNAINAE LT U mamiamwmmmumﬂummmmmﬂlﬂmsﬂu

9
| <

S1oUlTRe (drying chamber) tilessmenneanuaslildnanfaeiviiunutmudenis

4.3 ﬁmumsﬁaaﬂszﬁm%ﬂwwqaqﬂiumﬁ:mm:fw a-5 Anssiodalue a guvgiian
Loufiidn (nlet air temperature) 2 5¥AU 190, Lag 220°C LLasﬁmuﬂqmmqﬁau%’auﬁaaﬂ
(Outlet air temperature) 75-90°C

4.4 spray gas %34 800-1,000 (Bns/F3lu9) %38 natannufuLazsruudIUsy
mméﬁ’uw%amgml,ﬂmfﬂLLazﬁfwﬂuaaﬂmﬂammﬁﬂammmm%q

4.5 Hugides (Feed Pump) Tillouvnamaningssuuidaiudes fesns 6
uay 12 faddnssiowd uasfwuadamemaiuihanss 2-3 aswleundt foannisgady

4.6 sEUUNUReY (Atomizer System) ldynviaaauuy Two-Fluid Nozzle System

TUUIANMUNZEUL VU NAUTON U DY
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4.7 fvuanisvhauvesyRdauaN (Air hammer) Andedouan nng 15 Wil Lite
e lkAndnsianiedsenaud sundenndnsanoenly wazanunsoiunnsusilaly
UsgandnnuazUsunngegn

4.8 fvusanuiiimngauvesinauene efmuneendiau 1-sen
eluds Ineuszana 5-6%

4.9 nsUszdiulseansninnmsvieruaidumsieeniswseudiegimslulasiou

I v

U dl ¥ a 9(; U U 5 o U a U dl 1
LLF’]U%IL&‘UUVIIWD’WﬂiSU’JUﬂWiNaGﬂ,u‘H’MUﬂ 1.5 N3y mﬂuummsmﬂimmlwwlmgﬂ‘ma‘vm

q
(%

(surface fat) Imﬂi’ﬁam%mﬂuﬁaﬁﬂazmaLﬁaazm81%33’14&’3%@54@1‘14@@@@5’14 N9 LWL
shetnamalusulugeuanieuiiaamgil 60°C iuszeviaan 2-4 Hlus uislhisniwusziveoen
Junun udhmsdaiminneivaeluwanusa frunsina surface fat 9nundnilmde
sorntinadlasouuatgadutuiu Tnglideyamariluntsdnammnai%ussansnwnig
‘vfaﬁ:m (% Encapsulation Efficiency; %EE) augns %EE = 100 - ((Wtotal - Wsurface) +
Wtotal) x 100 %aLLam5&5@51"3141%31’14‘1?Qﬂﬂaﬁmaéwﬁﬂizﬁw'ﬁmw (3 %) (Ballesteros et al.,
2017)

4.10 FuaszavsaInnIsnan (Spray drying yield; SDY) fie thmiinaaus
MEINMINSEUIUN ST sLuUUrles / dmihuesansusiuaesusuiitoudmsunisyh
WAILUUN U DY

4.11 %bﬁﬂémﬁ’ﬂmluimmumﬂsgLaéfi’u Inumuasnsnsnavewe e
(feed flow rate) 3o AmSaduduass (Feed Pump) Tnefurnanvosminvewnan
(Bifatu) Aidoudhssuudesyasailddmsunisviuiuuuriuley

4.12 ‘1,1’1mhﬂmLaumﬂezjuaﬁié’mmﬁauﬁﬁmiimaaﬁwSaiz (Water activity, a)
(3 47)

4.13 nyaaeunandiviaall wasnsaluiy vewdlilasiouayya

4.14 enuvuLUuYedEs (bulk density) i'il’qmluiﬂil,aumﬂﬁa 50 n3u usseadly
nsTUBNAILIA 100 ml (3 97)

ALY WU Tmnvesiiedng (g) + YFu1n3u99919819 (M)

4.15 AVTLLLYBINaTiEinsIANE (tapped density) FUINIAIN AIAMLIWLLY
YBING AU Tmdnvesiaedig (g) + UTu1a5u99679819 (Ml) %8391nN15A1E31UU 10
afa fmuaszeziIveInsAEanity 20 WuRwes (3 1)

4.16 A¥N199ARIUBINT (compressibility ratio; %) 1AY (tapped density-

bulk density) + tapped density x 100 (3 %)
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5. MyiAsIEineaia drdeyanlaundnsizia1anuwususiurestayanieis
General linear model (GLM) AUWNUNISNAADMUU 2x2 winnaisea Tu CRD tnalaluswnsy

SPSS 12957 26 1i 93131991 AULUTUTIU (ANOVA) WU two-way factorial Fadunis

a1 W

nedouNansznuvesladensaniuasujduiussenineladenisafdiuusnusing 9 P<0.05 Tu
NIUNANUANLUANGIY HANITIATIZVANRAETENTING UL NIUTEULTEUAIENTNAADY
Turkey’s honestly significant difference (HSD) 11135984 Steel and Torrie (1992) Lﬁass‘q

ALLANANNTENINUARLAVRINGUREITALIUUATILIUE

nsnaaas 3.3 M1sAnwUady uazanngnsazag1vesslulasiounalya

'
v [2 =)

1. InUsedan L

q

aUsuiinguninnshusdiluddatuvewdlulasiouwaugalle

11N8ra1811 LaZLNBANYINAYIANEIUNITALANYADIEDETNAINYDIDNATUN Lo

2. YaulAMIneaed ralilasieuwalgailaannanignsviuisnangs (3113

neaes 3.2) iAnwAnauUinIsazateun lnedidadenanwined Uadeaamgiivesinly

Y

[ '
1 o =l

avane MU 3 S¥6U A 70, 80 wag 90°C uardnausevinsnslalasiounedyasiatnldly
Msazane 1ise (Wesetn) fvun 3 sedu 1:0.75, 1:1, 1:1.5
3, NSIMNUAUNITNAABY MAUAIIURLNITNAABILUU factorial Vun 3x3 aela
Completely Randomized Design (CRD) vesnslulasiouinuya 4 qmé’aﬁ
3.1 wililasiouadya mnututunIRaein 40% ldgamail Inlet Tm 190°C

a

3.2 wililastouadya AnudiutunInaesn 40% Toamail Inlet Tm 220°C

U

a

3.3 rmalulaseualga anuutunseassn 50% tdoamail Inlet Tm 190°C

U

a

3.4 wilulastouAyya AsNTUNIAaasn 50% ldgamail Inlet Tm 220°C
Uadelunisfine
tade A flo gauugiivesildazarendlaneuauya twusli 3 sedy
Al fig 70°C A2 @ 80°C Wag 90°C
a0 B fle dndaunssiotndou S1uau 3 suu BL Ao 1:0.75 B2 o 1:1 waz
B3 fi® 1:1.5
ANN1ALUUNITNAABILUULNNNBLS8a (Completely Randomized Factorial
Design) wu1@ 3x3 dmsunsaliiiaderiaes Ae
Y =KL + A+ B; + (AB); + €

Taen
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v

Yijk Ao A1n15TnusaNaans i taannunnines Aluseau i, unnimes B lu
LA j LAENISYINYIATIN Kk

U A9 ANLRAETINUBIUTEYINTNINALA

=

Al fia Havatunees A isedu | Blunifegamaiivesildazarenslulasiou

U A

AUga 31 3 5E6U e A1=700C, A2=800C, Wag A3=900C

Bj o navesunnLAes B sy T efe dadrunsrovndou § 3 svdu
A9 B1=1:0.75, B2=1:1, uag B3=1:1.5

(AB))j Ao naUFduRuSTErIuinweT A uay B 32U | uag |

Eijk Aip AAMUARIALARRUANTIARTUl ULAREIENAADY

4. TuppUNNINAGDS
n13A nwIAd1uaIu1satunisazatevenslulasieulayya (Solubility of

microencapsulated powder) lag ¥ 9ieg19nslulasiouialyga 4 an19g W oA Nyl

ANNENNTlNNITATaNEUT AMnuAdRdIUNIHeENEY I1uIU 3 S8eU (Raulun1vus NI Un

| [y

UM 25 ml) dndu 1:0.75, 1:1, 1:1.5 LLaﬂ%ﬁwﬁqmmﬁmaﬂu 70 80 Way 90 peALYaLTyd
avmendbilasiounuganudndmvanilunisusiiiti Unvinsweilnditu 3 uit (3 40)
Sedndndiuniast iaugds thaunautoun (aunznousazin) Waudl 105°C aurhszme
wun nssaivlasunde Saihmtniledenduitldavaneia Lﬁ@gﬂﬁﬂ@aﬂmﬂﬁ’mﬁﬂ
audusy Wndnleifudass + leiufisinnlilaseuialy) wastureuain (Domian
and Wasak 2008; Kaushik et al. 2015; Tonon, Grosso, and Hubinger 2011)

Solubility(%) = [(Weight of emulsion from water solubility ratio - Weight
after drying (water-insoluble oil) + Weight of emulsion from water solubility ratio] x 100;

%

[ 1 a

4.1 drahuvesdlatuyunasainnisazaigii (Turbid emulsion ratio, TER); TER

Y 1

= (ANUgeudtatulu + ANNGITINVBWBAUAT) x 100; %
4.2 dndrudhdunaseegiai (Surface oil layer ratio, SOLR); SOLR = (A313g4

FUnI + ANNENTINYDIVDUUAD) x100); %

(%
O AN

4.3 dnarudniunlilazansinsediatunavun (Water-Insoluble Oil to Total

1% '
o w A O

Emulsion Ratio, WIOTER); (WIOTER = W1sinunsiuillnaeniadauwiid + inniundsady

Sugu) x 100): %
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4.4 miﬂ"’]mmé’{’ﬂa'"sum3azawﬂfwaamlmimmuLmﬂsga (Water-Soluble

Powder Ratio, WSPR) Lilati1 100 ausee1 WIOTER (%)
5. MlATIgimeEdd dideyailiuninsgiaianunsusuvesteyaiiei’
General Linear Model (GLM) M3LHUA1ITA80LUY 3x3 factorial Tuszuunisnaaesdleil
WUU CRD (Completely Randomized Design) Tngldlusunsu SPSS nasdu 26 ie3inszi
AULUTUIIU (ANOVA) uU two-way factorial Fadunsnegounansenuvestladestsdes
wazUFduiussenindadendsesudsnusing q Mflanuuansreiuegedifeddynieada
v3oli NadNsazgnNNa1TIAINAT pvalue 11NAT p-value Haendn 0.05 feindadevse
Ufduitusiudinaiifvedidey lunsdinuenuuwand mansinmeisiaisssnitnguas
gniUSeuiguaienIsnaasy Turkey’s Honestly Significant Difference (HSD) m1u35ues

Steel and Torrie (1992) W@s¥UAILLANA1TENINILAREATDINGNDE 9 TRLIULAZ U UE

3.4 n1svAaRsil 4 navesdiiatundlalasieusatgansaluiiuaenmadudusauiuans
anatnlanauutusen wazluluassu AgaussanInnIsasAuln AmNladnIneIwas
el Unsensnend uarqdunsdlualdvasgngnsuiegau
4.1 gunseld

1) gunsainauralulasieulalya (Myuzgmiongnueansun a3

2) hudmsuilowiwdediadu (3 a5 do 3.5 ml)

3) 14 RO f1ul it

4) Lﬁ%aasﬁqﬁmﬁfmﬁm%’uqm (Lﬁa%&ﬁmﬁﬂgﬂqﬂwmmmmq)

5) 1p3 0eTnAINL b udUNEY A-mode ultrasonography (Renco lean
meter®) d@3U3n Backfat thickness

6) n3adlilasinanianed (Microplate Reader) dwiunsiaiaufAzend
YBIANTANUBYYATATE 1Y SOD, GPX, MDA

7) duazdenues 18 vwa 1.5 i3 dwsunnzdensumimasaidend
(cranial vena cava)

8) naoALAULdonvla EDTA (Ethylenediaminetetraacetic acid) fifiaan
WWNTY 1.6 mg EDTA siamlupiiden

9) vaeaLfiuldanuuu Cot (Clot Tube) lddmiuLfuidendideinislidon
TR

10) wisosdumisaden (Centrifuge)
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11) fudiiu 4-8 ssrnwadoauazgutnls 20 osrwalva dmsuiiuden
WagNaTE

12) napsaen1mAuIeu FLIR C5 dwiuingaumgiisnsmegnans

13) NMuadeuyagnsanning (Isohelix Swab Formats; SK-35) uagnasn
AT 2wn 2 ml dwsuiiuiiedng

14) 1A3 99 NanoDrop™ 2000 Spectrophotometer d115UTnA11LE ud Y
DNA

15) LA%84 PCR Thermal Cycler (Bio-Rad C1000™) dw¥uvinFAzen PCR

16) gunselviaadianiaslisdd (Gel electrophoresis apparatus) 13U

ATIVABUALUNIN DNA

4.2 ansiadl
1) IRON Dextran Injection d1wsUdniasusinmannduaiziden
2) YANTIINTAATINANTIUDUYADaATE laln SOD, GPX Way MDA
3) Yandm¥yu PCR Tdud then, Insuassinng (V3-V4 165 rRNA primers)
4.3 Fnguszasd e Ussifiulsyansameesdladunslilasiouunlya MPL uaz
EPML Wisuiigudungy CTR siaaussan1nnisiasatauls amiglaiainguasdaiadl
Ufisenseand wargduradludldvegnansvisgauy
4.4 YpuluAN1sNAaeY N1sNnaes i uglinnsy Ymingasnd ldgnansusniin
anewus (Landrace x Landrace x-Duroc) $117u 850 3 Wiumrenanusiiusiionisudnids
gMaMNI3U (parent stock, PS) 31w 63 A1 lnauusgnanseenidu 3 ngunsveass nauay
Uszanad 21 69 fa legldenialgnsanainuned aanuvunlududunds ‘fmﬁfmm'qﬂs way
fusaraendilndifissiu Tdununmeaessiuvduanysal (completely randomized design)

'
=

\eUszliuUsEanEaI nguAIUAN (CTR) Usenaumeanansinuiu 286 M duitn1steui

v v

RO 7irunsegaiieldiluasaiuau Waznqunaaesilasunistoudatundlulasiou

a v o

wavgansaluduanenats 2 nqu lawd nau MPL gnansiasunisteuddadundlulasiou
wadgansaluduagnanaduduniidiunanarsadalulawauuifuess I1uiugnans 281 M

wag nay MPLM lasudiiatu MPL waSulaluaeiu 91uiugngns 283 ¢ viinisdauidinig

U1NTNANNATINADANITNAGDY ATIAY 3.5 ml Fatans Figure 3.5
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¥

4.5 f 3 Usenaumiy aussnnImnsasqiauls dnsinisiianeads Amieladin

a a 3

5815n8N%Y (Redox Reaction)

21 day Weaned

Ingmazdadluldon seaugdauiu (g, IgM, 1gG) YA

Auvdluald (Gut Microbiome) uagaamaiisane

Piglet status @

Newborn 24 hr

£ CR L / 1 1 N\
S Group w o Ll Ll &
ddH,O ddH,O ddH,O

2 MPL o A A . '

% Group H” N e T T

£ 3.5ml 35ml

=

g2 MPLM . A A A <

®  Group I L/ L] & T T

3.5ml 3.5ml

Oral 1 2
o : (0n 812 hours {on'3days
administration postpartum) postpartum)

Sizing piglely

Activity

Figure 3.5 Diagram showing the design of experiment 4

4.6 YURDUNIITNAADI

(%
Y a

4.6.1 yinmsmseundlulasieusadgans 2 via lnsdanuidudunsaassaluian

a 1

uAuNaNd 50% tnszvaumsviuisuuuviudesfifioamaiiand 200 °C wazgaumgiivieen
90 °C Fafulupudoaguamnmanaansd 3 ndrndudiusalasauiaUgasuaniuiia
gaumndl 70°C ludnsrdd 1 de-1 lnonaslunwuzigridgnueansunsaayis [aanven
Uszana 1 Ul iitelinenszanesanazazatseesamysel

4.6.2 nguATUALYMstiaui1 RO (CTR) wagngumaasstou MPL uay EPMLLy
AnTrgu 28-30 °C 3N 3.5 ml #iAss $1uau 3 A%e

4.6.3 Snnuadsdmiumstoudmsingnans sl 1 n1elu 12-24 Faluemds
Anon Asafl 2 lutufl 3 ndsaaon wagadadl 3 Yufl 21 ndsrnen viedeuneuu 8-12 Falus

v A

4.6.4 wilansnnea wagynngy vsuilusunsulasuiadudesiulsavionds fve

9

¢ a o a

119713 Leume3laand S57a Bull (ENTERICOLIX®) Usinas 2 Taddnsselda luwignsnou
AaBA 2 &AW uazgngnseny 14 Tu

4.6.5 GonualagnsiIuIu 63 Wil 311U 3 NGUNITNAGRY NGUNAABIAE 21 i1 1ng
e avevesusiansnglundgunanes fall 1) dredduies 1 $1uau 8 d Fasdi
fo4 2-5 $1uu 8 1 uay S1duTtes 6-8 S1uau 5§ 2) dntnuslansrousaen 3 Tu Aade
wiinuslanssionau 10 nn. 3) Avuaeaeavesusignslndifeaty = 5 Yu 4) arumuilediy

dundsveanigns (Backfat Thickness) N3 infisnuva@laseail 10 dumis P2 IagldiaTes A-
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mode ultrasonography (Renco lean meter®, minneapolis, MN, USA) Juiinihuiinanans
usnaaeannd Lileldenansidumiin 4 4 fall < 0.99 (WT1) 1.00 - 1.20 (WT2) 1.21 -
1.41 (WT3) uag > 1.42 (WT4) an. vindyanualuusignansene dlawmdwuin 2 97 aeglu 24

9. wazasrndathauuignansliesegnaen 21 fu

Length
< “_Widih >
=~
Flan [Heart girth
Height

Figure 3.6 Calculation of pig weight mass (kg)
dwiingns (nn.) WAy -80.261+0.251(A e ea(ea)) + 1.024 (AIwge

a1i(wu) + 1.016 (Aue1TaUeN) (W1.) (Walugembe et al., 2014)

4.6.6 Guiiniwiingnans S1uau 5 ass (aseil 1 gnansaaenlel adedl 2 wds
ARON 203U, AT 3 Juil 3 udtanon AfaTl 4 Tufl 10 vdseaen LazaTall 5 deuveiuy 1
Tu viTo 19-21 Jundanaen) wasUuiinavmnn1snevegnansnanaen 8nsn1siasyiaule
(average daily gain; ADG) Lag Uixﬁm%m‘wmmémiwu'wﬂaamLwiasﬂﬁjmﬁwﬁfﬂ TEAGRN
91y 24 F3lua 3, 14 uay 21 Yundsaaon 1y USarasainmieaiignanslasu (colostrum
intake; Cl) way 5wumﬁ§ﬂzjﬂﬂé’§u (milk intake; MI)
gnafunUTInauimdesgnanslfu (colostrum intake; CI) (g/d) = -
217.4 + 0.217t + 1,861,019BW,¢/t + BW; x (54.80 - 1,861,019/%) x (0.9985 — 3.7 x 10°tFS)
+(6.1 x 107 tFS?)
do = van (i) Fiwlussrisdniuinedusnuasadiiaes @Gadu
Praseziavonsldsuuniinios)
BWoqs = Yntingt 24« (kg)
BW; = duiinusnaaon (kg)
tFS = FrsnansewienisnaanuazmIpAuNAsILn (L)
ansAuInUTuu uNA gnansld $U (milk intake; MI) (¢/d) = milk

required for maintaining live weight + 1.168 X Gain + 0.00425 X Gain?
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o  milk required for maintaining live weight
317 ¢/d week 1 (day 3 to 5)
531 ¢/d week 2 (day 10 to 12)
582 g/d week 3 (day 17 to 19)
gain f8 8RIIMNTATYAULS (NTN)
4.6.7 Tumpunsiusieg1udengnans Wegnansongasu 18 Ju vin1sduds
H Y - ! A ! H v a g ' N ' ! g v v A
Wniln Weguiengngnsyiciminmduenaisveusiaziinivminusnaasn waziuin 21
A < v ! A [ a & 3 A
\Hengnansaazimaliudiegraisnvasaindeudmaasiniely 8-12 4ilus Awuadenan
ansumiin 5.0-6.0 Nn. uidenansnavay uavdinivinas 2 M (Aasind el 1 7 uay
t4 Y ! 1 H LY = Y Y | s LY a 3 < ( ! A
el 167 siegaedamidn) se 24 @3 (2 67 x 4 smtin x 3 niniud) iudiegnediien
mensinzidendudrugnansiuinueunne Toanmisdendieiduiues 18 vuin 1.5 99
Uszanad 4.5 ml annshuviisvaeniions (cranial vena cava) wadeniu 2 @
d2un 1 Ysura 2.0 ml lalunasn EDTA (1.6 mg EDTA/ml blood) 1i®
Jostunisudasvesion Snweamgll 4-8 ssrwaideaunzudsinioudis vasainiu
Jumiles finanusaseu 2,500 rpm Meamgdl 4 esrmwaidea 10 w9l thauveananaudney
Tuingungd 4 esewaliva wazniely 24 3lu9 Ereluuinioumad -20 esrngaidea i
ielumsramuauysalvesdaiion (complete blood count, CBC)
daudl 2 Usuna 2.5 ml Tdluvaeniuiden (COT) ielunsiausinadayiiu
(albumin) waglnaydu (slobulin) aanniazidendsaniun1sdnsinvin (IRON dextran
.. . = ! a & Y (% I
injection) \eanaN1IEA kazLiuAIsUMTAIIIAIEIEeR
4.6.8 guidanansvaiufarnauyIndmnay 3 fa (weidy 3 ) w3e 36 61 (3
i x & Gt x 3 SR usiegindenmenisaisidendutiugnansluviiueu
Y < A 19 I3 s ‘;’ o 1 A [J 1
e I duziienmelduues 18 vuia 1.5 41 Uszana 6 ml anndumiviaeaidens 1d
Tunaen EDTA (1.6 mg EDTA/ml blood) wii etesiunisudeiavesien uvudu 3 vasn
vaanay 2 ml Snw1gaungil 4-8 esrmiealliua Ingunzaudyiadeudiy duniugngnsnaaann
zidenEsan i iunis@nssman (IRON Dextran injection) Weanan12zdn uasiiunisiu
Aamdsananzden denilauntuiluduwieuien 1Aus358U 2,500 rpm igamgil 4
asmwalded 10 w1 ihdiwvesnarandglluinoungil 4 ssmieaildya uaznigly 24
Flue reliugamgll -20 esriwalfea LiaToN1TIATIENTEAUATA LU ABATY

(antioxidant capacity measurement) luwanaun Usznausae SOD, GPX, MDA #1835019
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nyAveInuUiisediedeededulasnaniamed (Microplate Rader) (Liu et al., 2023)
Tagly cayman chemical assay (Marin et al., 2020; Pistol et al., 2023, 2024)

4.6.9 gudonansvesisazngurasimidnay 2 &1 (Aazne endle 1 e 1)
w3 24 ¢ (2 1 x 4 Frswiein x 3 vEnus) usegadendisnaandondutdiugn
ansluviuounae THduesdoadeduues 18 1um 15 11 Ussanm 2.5 ml 9ngums
vasmidons ldluvassiiuiden (Cot) Snwigamail 4-8 asrniwalvavazauds/indoudie
nas9nzIdeniasadiun1sdnsgman (IRON Dextran injection) ileanan1izdn uay
Wiunsusandnasden esildunduhluiumisaden finrundaseu 2,500 rpm 7
ool ¢ esmiwallea 10 Ui idruvemaaindngluurfigumgll 4 ssmwaidea uaz
el 24 F2lug é’hsflﬂuﬁﬁqmmﬁ 20 pIrALTed 1 fied1nTIIATIZN 1A 1M uaz 16G
e3s Immunoturbidimetric assay (Cabrera et al.,, 2012; Logan Health Laboratories Test
Catalog, 2024)

1.6,10 AnwinsWasuudasgamgioinawisdauiouvedsnaniegngns
A9 iaMeNaewEnenmAIINTaY FLIR C5 wuunnw (Serial Number: 894102993) 3iA518%
Amaeaelusinsu Thermal Imaging Image Analysis Software LLazmaﬁwgﬂsqm%ﬁmﬁﬂ

uaznaBdEegUUaDALAIIINAEUBN

Figure 3.8 Weighing scale and photo box with no external light
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nsenegUgnansiuiumImiAALAaIALARoU (emissivity; €) YBdgaMniives
Avilsresansuraziume uaskAazeIgYeIaNT MuUnTzEEMIsaInRandas FLIR #1930
Auiaaes 70 wudues wazfinmubiiia (3M) vu1Re1d 2 g3 UuiWtieanie 5 s
dmiugns laendainseussanas 5 Wil 1) 11 (ocular) 2) 930 (nose) AAUILINMINALN
3) 81 (body) sumils P2 w3edlAssdgaring 4) usasame (Testicles) 8nuAngaMATiuy
iU uagRovidednudnadesnn susumisuusienediivuely dangangiuuiiamdets 5

0 ANUIUAIYAUNTT

E yuiiowity = ANRAEQUUAIIRIIIR I UM vun (°C) (a)

+ gaumimulaila °C) (b) x eytsin

Figure 3.9 Shows the placement of five black tape markers on piglets at the following

positions: 1) Ocular (eye socket) 2) Nose (on the front of the snout) 3) Body (at the P2

position, which corresponds to the last rib) 4) Testicles area

4.6.11 MTAATein1eadn deyadildainnismaaesd 4 gninsevisneuuudiass
N153AT1ENANULUTUTIU (Analysis of Variance; ANOVA) 319UHUUNARDILUUEIANY D]
(Completely Randomized Design; CRD)

aunsdnuudmsuniimaassuuduanysal (Completely Randomized
Design; CRD) 1l 3 ngun1smmans leun AauAy (CTR), ngu MPL uazngy MPLM a@13150
ouldsdl

Yi= U+ T+ &

1nen
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Y, Ao Awadnsildanngunisvaassi | wazmeheaded |
K Ao AdeTve TN aviun
T, flo waveangunTnaesd | G4l 3 sedu fo

i=1 dmiunaualuau (CTR)

i=2 dmiunau MPL

i=3 dusungy MPLM

g; Aa AmNuAAARauduAnTuluLAaEIENAaD

Tl sUnTUARR SPSS 26 atUTeULIBUAILLANAIITENINNGUNITNARDS

! ! aad

3 nqu lauwn naumIuau (CTR) gy MPL wazngy MPLM lagldseauiudAynisadian 0.05

9 9

a

<@ v Aa o [V a & Y a a 1 a | a
Wunumnandu d1msuvasantdunindsigadsunn wu AUTININNITIIYLAUL Asladin
INeaETUAT SEAVAITAURULATEATE (T-SOD, GPX, MDA) Wagseaunilauiu (IgA, IgM,
1gG)

4.6.12 duidienansanudaznguiImvEind 1wy 6 67 TaUavan 72 63 (6 61 x 4
' H o a & Ao v & v 1Y = o |
Wadmin x 3 Minwun) Inegnansuldidunay 3 ¢ wasinadle 3 daluidazyanisnaaes
maiviegrsailaeldiuaisunaiafnuuiaduruaugnald 3 Gaduns @enn1aning

wiinnelian1ieusiAannie (aseptic technique) LieaansUuLUauYadRaunIdnguen

waeantuiaideddldlunaenun3iad (centrifuge tube) wazinusnwifigamgi -20 °C

t 24
< = v

Tnesgninsmafiuuarvuieiimsudluudawiaiionsaniwinegs Wedsdaiesufiinng
ﬁaasmﬁgwmgﬂLammiazmaﬁ'wLﬂ/\la%ﬁmmzammzLLﬁLL%a&iaﬁqmmﬁ -80 °C UNINA
ihlafnfduevesadunis Tunuiuiunisiinsgieramainvaisvesgdunisluyaans
laye1Aun15v8188U 165 ribosomal RNA (16S rRNA gene sequencing) laalalnsiues
FUWIBUIIN V3-V4 region Forward primer: GTG CCA GCM GCC GCG GTAA way Reverse
primer: GGA CTA CHV GGG TWT CTAATRBuefarnlsgninanuidudunasaimnigndse
s 849 NanoDrop™ 2000 Spectrophotometer (Nano-300 micro-Spectrophotometer,
ALLSHENG) nauihluldidu template luufjizen Polymerase Chain Reaction (PCR) Tng/ld
\A38 C1000™ Thermal Cycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA) #84n13%1
PCR lAns19a0un N InNananeilneds gel electrophoresis Tulaa agarose 1.5% neld

wsauliin 100-150 Taad 1ulaan 30 Wil 1ieNTIRARUAINANYTHILATAIIUTIINIZVDY

LOUALDULE fee19TITAMAA (concentration way purity SUTLMLTEY; A1 A260/A280
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14 1.8-2.0) Fegndndonduiu 48 faena (4 freg1e x 4 Frsthmiin x 3 VIviaud) iite
inludawdsudmsunsmaiauiiandlalng (DNA sequencing) faeivaila Next Generation
Sequencing (NGS) Tasunanwedudiimnzay 1wy lumina MiSeq 3 slsxlddmsunism
dduBu 165 ANA UszifiudeyaldsdniAsaiu mnumainvae (diversity) eadUszney
(composition) LagAINULANA19IVDILATIAT 19Y UYULAUNTE (microbial community
structure) Tugagnsnnusazngunismaass dsansnsahlulfidudsdasviougvainmaiy

9IMskarUsEANSAINNITEEeANS
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uni 4
NaN1578

4.1 wamsmanazimanzaalunsadaasinlauauurdussdainiaes (Cannabis
sativa L) §aethsumdaluiiduivsaaiunssuaumsinnivendiadu wasdneawlunis
T lundndaeiasunasnudmiugngnsgau

nan1smaaesi 1 Insuuseanidiy 2 msnmaaes Reseluil

HAN13MTI9E5UsTNBUN Nt UlUAYBIAZIINAYTI NHIRINNTEUIUNITHTEY
Fogdu wuanuuaneavessEAuats 8D Tuludyvaiuianas 0.168% vauzdilusindgvadl
USunay 0.073% sazans CBDA wululudaws 0.083% waglusindaes 0.267% aufiwansly
Figure 4.1 Way Table 4.1 duivasdusznaumaaiivesagAuisaeseidn nuinseiu
99AUTZNAUNINLAT VO LUARBINNINAINTINAYYI LUU WA91U (297.25 Alawpasise 100
n3u WiwuAy 107.79 Alaumasise 100 nsu) A15Lulainsn (49.56 nume 100 n3u Lguiy
23.04 NFUAB 100 N5Y) LazlushAu (20.06 nsusa 100 nFu sUdy 2.02 AFuAD 100 NTN)
Tunenseiudau Ysunadulenerulusindgeandugeannluinu lnelidwiniu 4534 nu

Mo 100 NFY LAY 12.80 ASUFD 100 NSU MIUAIAU

Table 4.1 The phytochemical and nutritional composition of hemp leaves and roots

Hemp materials

ltems
Leaves Root
Cannabinoids (%ew/w)"

Cannabidivarin (CBDV) 0.014 0.001
Cannabidiolic acid (CBDA) 0.083 0.267
Cannabidiol (CBD) 0.168 0.073
Cannabinol (CBN) 0.007 0.005
Tetrahydrocannabivarin (THCV) 0.007 0.001
Tetrahydrocannabinol (THC) 0.017 0.048
Cannabichromene (CBC) 0.013 0.002

Tetrahydrocannabinolic acid (THCA) 0.005 0.018
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Hemp materials

Items
Leaves Root

Chemical composition?

Ash” (g/100g) 23.49 6.52

Energy” (kcal/100g) 297.25 107.79

Carbohydrate” (g/100g) 25.59 34.51

Crude Fiber® (g/100g) 12.80 45.34

Fat” (g/100g) 7.05 4.87

Protein® (g/100g) 20.06 2.02

Moisture” (g/100g) 11.01 6.74
Antioxidant efficiency

Total Phenolic Content (TPO)' (mg GAE/g DW) 70.81 33.82

Antioxidant potential capacity (APC)!

ome BA(ESD 23.26 10.79

Antioxidant activity on DPPH reaction (ADA-DPPH) 28.56 26.86

Y Cannabinoids: Cannabis Extraction and Analysis Laboratory (Modification of AOAC Official Method 2018.11, Revised

First Action by Correia et al. (2023) ¥ Central Laboratory (Thailand) Co., Ltd. ¥ Energy: In-house method TE-CH-169

based on method of Analysis for Nutrition Labelling (1993) pp.106, ¥ Carbohydrate using methods in Chapter 6:

Proximate and mineral Analysis. (AOAC, 1993) ¥ Ash: AOAC Method 923.03 and 920.153, % Crude Fiber: AOAC Method

978.10, " Fat: AOAC Method 948.15, ¥ Protein: AOAC Method 991.20, ¥ Moisture: AOAC Method 925.10 and 950.46

according to AOAC. (2019) ' y = 0.0008x + 0.0402; R? = 0.9911 'Yy = 0.0014x ~ 0.003; R? = 0.9946

mv

DetAcCh], W 3501 —

DetAChi
300 H
1 8
150
8 2504 |
200
100 é ]
]
] 150 |
|
100 |
50+ : i ‘
, O | o , < ]
i . g §§ 50|
A \J ¢ ‘ 3 AT H o
| L 2 | |
T -4/ AN +¥ ' E I S /
g ek ‘ B BB S S e o o o e
T T T T
T T 7 2
25 50 75 100 125 3 4 5 6 8 9 10 n m\;
o 1 DetACh1/220nm
122!
! pehchzm R Quagtitative Results
Quantitative Results

Hemp leaves (A) Hemp root (B)
Figure 4.1 The phytochemical composition of hemp leaves and roots is revealed

through spectral analysis using high-performance liquid chromatography (HPLC)
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4.1.1 nsanaasilanauuitusenainsin wazlungyvilagldundulasniiye
lsaananans (MCT) vilads9 (Msnnaes 1.1)
nsannasinlawauurfussaainsinuasludysslunuidedlasivinazane

Uszsnnisiulasnawelsaanenans (MCT) @eusznaumevunsiuimanluliduusans (RPKO)

q
ca

wazthiudaluduiu (CPKO) Tnensursansinduduihiulasndiselsddigauludae
nsaluuaenaraiieysuifiudnenmaesansatalunisdusyyadass nansvaaeamuing
Ufduitusegnaiifoddmneada (P<0.05) seninsvliainnudguaasdwiazaiildadn
Tnsanshlauauundusesiatnanludayesauiuiisiu RPKO way CPKO lfdSunasiuves

a1siuedniianun (TPC) wazgANNaNnIaluNISAINBYLABATE S (TAC) 89nd1n15aniA9IN

o _w aa

Finfiyregrefitedrfamieadin (P<0.05) Toyasinnisnaaesliiuinnisldluiyvesauiu

o

uniuudatudrduau (CPKO) fUssansningsgalunisiiuenyadasznuis DPPH, ABTS
way FRAP Waiguiun1svnassdu ¢ Nanua (P<0.05) sauandliy Table 4.2
910 Table 4.2 nanisanalnlawauuidussnanluiysimeindusdaluliay

fu (CPKO) Wudvhazaie dnsndmvesingivsadiinavasgnuiulimanzanisesas 6

e a ¥ Lo

(Uwdndeuuiln) n1snseRuingAumIANTou Toanizusaiy wayinisedenigloul

q

luresaulein (autoclave) WianszAuNsTUIUNITAMISUBNBRTUABUNSANR TEA1YUELAY
nUaninagralindalunisadnimualvldaiusen wagauANMUONA 110 sralges
[ o = 4 = i < o 1 v 18 o [ s
Junan 4 9alus Fehgliansanmiesngrzanluiguagnareleuinguiiuuaalulidy
a b ! IS a a d‘ (% dy g v (% (% =
Aulaeegnediusgansnin iedesiunisyulounazantunsuninsesmainisana Tuiyweds
v o a = =2 o ! o 9 o 3 & a <
9nUslugern wuamensaniuvauil rufsnisieluiyrenuiuiniuudaludduau u

o w

WYz audsUAsAnR@IsEdIR oanNLUAYsIReRazateUsnningy uay

[
o o

Tdanusoulusaufisennaisvendiatu laelddagingng
anly

%

AUAIMSUNISANYIUATL NN 8D

[

4.1.2 NAYDITTYZLIAIUNTZUIUNTTAANSUBNT 1T ULaZINSIdIUNSENATDIAEY

[

yerpurdunanalulrdufu (CPKO) NfideasAusznaunangnetaiuazAneninnisanu
ayuadaszvasliuasaialnlauauutused

nsAnwnsdaansinlauauundussnanluiyss aarsdadiuuesluiyrsids
go’ % <3

Prgunanluududu (CPKO) MseaU 6%, 12% way 18% (nninsAausuing) waysyesiian

Junasuveaes 1.2 Tnenshianudouiianszdunszuiunisinsvendaduiiszeziian 0,

v o w 1

2, 4, 6 waz 8 Tilus wunluduiusedlidudAyseminsdndnluiyue wasssesiainis

[

Tiauseu (P<0.05) aefinandlunisnen 3 Inednduluiyes 12% seneuntiuwaaluliau
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AulvirUTunuatsusznauiluednsiu (TPO) g9n715AU 6% Uay 18% egredduddny
(P<0.05) uonanil mslmnudeureidondunaiuiuds 8 Flusilvusuaansussneui
uaﬁﬂimqaﬂdﬁﬁé{’qmmlﬁluﬁ’mnmﬁﬁy’uﬂdw Town 0, 2, 4 way 6 %Imasmﬁﬁfaﬁﬁmvﬁuﬁu
(P<0.05) wazUfduiusseninedaduluinus 12% U CPKO $aufiussaziiainisiiay

You 6 Faluslvian TPC gendUfduiussunuudug egiitivdifny (P<0.05) (Table 4.3 &
Figure 4.2A)

Table 4.2 Hemp extract combined with medium-chain fatty acid triglyceride oil on the

antioxidant potential of Phyto cannabinoid oil extracts.

TPC TAC
DPPH ABTS FRAP
Factor me GAE/g mg GAE/g
(%) (%) (%)
DW DW

Interaction factor A x B
Hemp leaves x

RPKO

46.15:0.04° 24.33x0.76° 17.29+0.25° 44.52+0.50° 36.77+0.42°

Hemp leaves x
CPKO
Hemp root x RPKO 30.56+0.45°  9.57+0.51° 14.58+0.61% 28.1740.06° 19.60+0.55"

48.30+0.30° = 25.65+0.77°  26.48+0.58° 46.40+0.53° 38.33+0.43"

Hemp root x CPKO  26.67+1.53°  9.35%0.15°  19.23+0.68° 23.73£0.66° 23.26:+0.05°
Factor A: Hemp raw materials

Hemp leaves 07.2541.22° 24.99+0.99° 21.89%505° 4546+1.13° 37.55+0.93°
Hemp root 28.61+2.36° 9.06+0.36" 16.90+2.61° 25.95+2.46° 21.43+0.23"

Factor B: Types of triglyceride oils containing medium-chain fatty acids

Purified palm o 34.13x11.39 .
38.36+8.54  16.95+8.11 15.94+1.54 b 28.189+9.41
kernel oil (RPKO)

Crude palm kernel
37.51£11.91 17.50+8.94 22.86+4.01° 37.28+9.99°  30.80+8.25°

oil (CPKO)
SEM 0.468 0.350 0.322 0.285 0.235
P-value
Factor A 0.000 0.000 0.000 0.000 0.000
Factor B 0.107 0.152 0.000 0.000 0.000
Factor Ax B 0.000 0.059 0.000 0.002 0.006

*8 Means with different superscript letters within the same column are significantly different (P<0.05) and (P<0.01)
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" Means with the same superscript letters within the same column are not significantly different (P>0.05)

Total Phenolic Content (TPC) (mg GAE/g DW); Total Antioxidant capacity (TAC) (mg GAE/g DW); DPPH (1,1-diphenyl-

2-picrylhydrazyl) (DPPH assay) (%); Trolox equivalent antioxidant capacity (TEAC) using (ABTS assay) (2,2’-casino-bis-

3-ethylbenzthiazoline-6-sulphonic acid) (%); Ferric lon Reducing Antioxidant Power assay (FRAP Assay) (%)

Table 4.3 Effect of decarboxylation duration and the ratio of hemp and medium-chain

fatty acid triglyceride oil on total phenolic content (TPC) and antioxidant capacity of

hemp leaves extract

TPC TAC DPPH assay ABTS assay FRAP Assay

ractor mg GAE/¢ DW - ~mg GAE/g DW (%) (%) (%)
Interaction factor A (w/v) x B
6% x 0 hr 40.26+0.05  21.16£0.26"*"  26.94+1.00" 3217£0.76'  32.56+1.33°
6% x 2 hr 46.49+0.33"  23.13:1.05°°¢  27.13x1.11°%  40.00£2.00°  34.19+0.13°
6% x 4 hr 47.32+0.15° 25.45+0.74° 26.42+0.58° ' 44.52+0.50%  38.42+0.31'
6% x 6 hr 47.08+0.07" 24.62+2.51%° 26.40+0.48°  06.33+321°  39.61+0.38°
6% x 8 hr 56.83+0.16°  21.60+1.64°%  26.22+0.35° 50.20£0.91¢  40.40+1.03"
12% x O hr 41.04+0.06"  20.02+1.16 % 28.36+0.19™"% . 3500+1.00" 42.38+1.11°
12% x 2 b+ 55:84+0.16"¢  20.37+1.43°°%  29.46+0.47°"  51.17+0.85°  49.33+0.80°
12% x 4 hr 54.1440.11%  23.80+1.06™  31.6320.78° . 62.13+1.03°  52.56+0.52°
12% x 6 hr ' 57.38+0.45% ~ 21.55+1.34°" _34.43+1.74% . 6833£153°  53.18+2.03°
12% x 8 hr  56.87+0.96™ . 21.35£057°% = 33.35:095°  58.07+0.90°  49.86+0.94°
18% x 0 hr 42.02+0.49! 19.22+1.08°%. ~29.62+0.92%  36.20+0.35"  42.07+0.64°
18% x 4 hr 55624028  18.67+1.15® ~  30.53:0.92  57.2740.64°  51.26+0.67™
18% x 6 hr ~ 55.07+0.53 17.35+1.44%  29.49+053°°  5563+055°  50.45+1.21°
18% x 8 hr  55.10+0.04> 17.20£1.14°  29.28+0.63°°"  42.20+0.40°  47.31+0.72°
Factor A: Proportion of hemp leaves to Crude palm kernel oil (Leaves: CPKO)

6% w/v 47.80+5.50° 23.23+2.16° 26.64+0.74°  42.64+657°  37.02+3.25°

12% w/v 53.38+6.57° 21.42+1.68" 31.44+250°  54.14+10.97°  49.46+4.08°

18% w/v 52.12+5.34" 18.42+1.44° 30.02£0.99°  49.17+870°  48.32+357"
Factor B: Decarboxylation reaction time (Heating duration)

0 hr 41.10+0.81° 20.13+1.17° 2831+1.35°  34.45:1.91°  39.00+4.86°

2 hr 51.71+4.15" 21.05+1.91° 29.26+1.90°  48.57+6.68°  44.67+7.78°

4 hr 52.70+3.34° 22.71+3.25° 29.55+2.44°  50.64+7.90°  47.38+6.73°

6 hr 53.18+4.69" 21.17+3.54° 30.12+¢3.61°  55.43+8.00°  47.75+6.25°
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TPC TAC DPPH assay ABTS assay FRAP Assay

FACtOr G GAE/GDW e GAE/g DW (%) (%) (%)

8 hr 56.81+1.50° 20.05+2.37° 29.61+3.15° 50.15+6.90°  45.86+4.25
SEM 0.234 0.739 0.487 0.718 0.301
P-value
Factor A 0.000 0.000 0.000 0.000 0.000
Factor B 0.000 0.001 0.002 0.000 0.000
Factor A x B 0.000 0.007 0.000 0.000 0.000

*% Means with different superscript letters within the same column are significantly different (p<0.05) and (p<0.01)
" Means with the same superscript letters within the same column are not significantly different (P>0.05 Total
Phenolic Content (TPC) (mg GAE/g DW); Total Antioxidant capacity (TAC) (mg GAE/g DW); DPPH (1,1-diphenyl-2-
picrylhydrazyl) (DPPH assay) (%); Trolox equivalent antioxidant capacity (TEAC) using (ABTS assay) (2,2’-casino-bis-3-
ethylbenzthiazoline-6-sulphonic acid) (%); Ferric lon Reducing Antioxidant Power assay (FRAP Assay) (%)

TusnuauaunsasinueyaBasesIul (Total Antioxidant Capacity; TAC) wuin

dndruluiey 6% dedniuuaalutidufuiiravaiunsodueyyadassainitdadu

12% wag 18% ag19ildeud1f (P<0.05) 1ngseeet1aini1siAI1d5ou 4 92lu9guandamn

]

ANNENNTOATNELLATATENEININTEEENA1BY 4 LkA 0, 2, 6 4ag 8 TILU (P<0.05) Bgsls

< av o s 1 (Y ! v ! Y @ oy el i LY 14
NN U{]’dllW‘lJﬁﬁEﬁW}Wﬂﬁﬂa’J‘Lﬂ,Uﬂm%QWBUWNULﬂJaQGLUU’]aNQUW 6% SUAUTLHLLIANITLA

aufou 4 Flusliien TAC qﬁﬂdmﬁé’mwuﬁgu 9 agUtEdAY (P = 0.007) (Figure 4.2B)

HaangannIsUsesiunanssuueuyadatelagldisnisnagou DPPH, ABTS uag FRAP
] [ ! ! Y] [ § a a _a ] = Y o1
wuirdndiuluiges 12% seseunfusdalulrduaviivseavsamainitdadiudu q loun
6% uag 3% ae3lidud1Any (P<0.05) NansznuvasszaziaInIsinuiousioufizenise
s a U = Y v e ! a 14 1
ASUBNTaTU lnglanieNszasiinl 4 uaz 6 TILARINANSANINTEEIaaY 9 lawn 0, 2
waz 8 TalusegelitpdAny (P<0.05) Tundvosuduiusseninedndiuluiysuasszesiin
N1TIAAINTOU NTHANNATUTEINTUA YT 6% AUTEEZIAINITIRAINTOU 6 Taluslu
AANssuAUeYYadasEAILTS DPPH avanlunnufduiusiveaeu (P<0.05) (Figure 4.2C) Tu
MMuenAeIiy seviaInsiinusou 4 uag 6 Tiludinanssuiueyyadaseadanluns
n1snegey ABTS wag FRAP lunnufduiusiveaeumeuiu (P<0.05) (Figure 4.2D uaz

4.2E)
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Figure 4.2 Schematic diagram showing the changes of total phenolic content, total
antioxidant capacity, DPPH assay, ABTS assay, and FRAP assay concerning time (0, 2, 4, 6,
and 8 h) upon heating for inducing decarboxylation to extract Phyto cannabinoids from

hemp leaves
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mMiessivTinaweunussdiiinanuiisenssnindluiyvddudng 12%
fuszoziialianudou 4 uaz 6 921ue wansliiiuiinisasalilasauuiduesdlag
N3YUIUNTAAISUDNTIATUIINNTIANS BT i uA T UT uD9815 CBD, CBDA Wax
5721 CBD udsanlvmnnudeuduna 6 4alue Tnemnududuiidaldivindu 0.004, 0.005 uax

0.008 suasiu Fudunisiindusesas 33.33, 50 waz 38 Wasuiuszesinanliniudau

'
a v o

4 §Tus (Figure 4.3) drunansransalusunuinfinnsiistuvesnsalusududsiuay 1.45
nduste 100 nfu vauzfissaunsalusiuladusudanen (MUFA), nsalusiulaidududedou was
Tusilsidudtouaiisiuddowin-3, Towdn-6 wazlewifn-9 anamiuansu 1.95 n$a, 0.92
N3y, 2.88 N3, 1.07 Aadnsy, 926.95 fladniu waz 1,950.72 fiadnsuse 100 nu (Table
4.4)

0.029
0.030 Difference p———
0.008
0.025
Difference i 0.021
0.004 Difference
— 0.020 0.005
= OIS 0.015
5 0.015 -
=1
g
2]
O 0.010
0.005
0.000 ] e .
Cannabidiol Cannabidiolic  Total Cannabidiol”
(CBD) Acid (CBDA) (Total CBD)

EL{(12%):CPKO (4 hr)  BLf(12%):CPKO (6 hr)

Figure 4.3 A comparative diagram of the cannabinoid content in oils, comparing the

proportion of hemp leaves to 12% CPKO and the heating duration of 4 and 6 h

YCannabidiol test: In-house method based on Journal of AOAC Official Method 2018.11, Revised First Action 2020
P.1,822-1,833 with Cannalysis siam herbal laboratories. “Total CBD = %CBD + (%CBDA*0.877)

TudruretwsAlsznoun1eail nudnAmasUYesaITannantuATe 12% Au
iduwdaluurduiu (CPKO) Timnusewduiaan 6 Falus windu 881.32 Alaurasise 100

NSU FUANTUY 7.11 Alakrasdme 100 N5 Waigunutndu CPKO 1g9aenuien nSauana



96

asaUsinalansuinuazsuaunuafidesanlutty CPKO wastnsuansatnlilauauund
uaest (luifayss 129% Tuthifu CPKO Alfmnudou 6 42Tu9) agluinmurinsguautasndte
Wlsuduldiansatnimunvaniosi U Jumamdany wioduansasulnvurdn il
(Table 4.5)

Table 4.4 Fatty acid composition of crude palm kernel oil and Phyto cannabinoid oil

extracts as raw materials for prototype energy supplement products for livestock

CPKO oil contained %

Fatty acid composition® (¢/100¢) CPKO
Phyto cannabinoid extract
Caproic acid (C6:0) 0.23 0.26
Caprylic acid (C8:0) 3.43 3.67
Capric acid (C10:0) 329 3.48
Lauric acid (C12:0 45.5 47.09
Medium-chain fatty acids (MCFA) 52.45 54.5
Myristic acid (C14:0) 15.86 15.86
Palmitic acid (C16:0) 8.64 8.22
Stearic acid (C18:0) 2.36 3.24
Arachidic acid (C20:0) 0:12 2.19
Behenic acid (C22:0) 0.03 0.03
Lignoceric acid (C24:0) 0.05 0.05
Saturated Fatty acid (g/1009) 79.51 84.09
Palmitoleic acid (C16:1n7) 0.02 0.02
Trans-9-Elaidic acid (C18:1n9-t) 0.03 0.04
cis-9-Oleic acid (C18:1n9-c) 15.55 13.6
cis-11-Eicosenoic acid(C20:1n11-c) 0.1 0.02
Nervonic acid (C24:1n9) 0.04 0.05
Monounsaturated fatty acid (g/100g) 15.74 13.73
cis-9,12-Linoleic acid (C18:2n6) 2.47 1.55
cis-11,14-Eicosadienoic acid (C20:2) 0.01 0.02
Arachidonic acid (C20:4n6) 0.02 0.02

Polyunsaturated Fatty acid (g/100g) 2.5 1.59
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CPKO oil contained %

Fatty acid composition® (g/100g) CPKO
Phyto cannabinoid extract
Unsaturated fat (g/100g) 18.24 15.32
Omega 3 (mg/100g) 6.53 5.46
Omega 6 (mg/100g) 2,493.04 2,356.09
Omaga 9 (mg/100g) 15,594.87 13,644.15

Y Fatty acid composition using In-house method TE-CH-208 based on AOAC. (2019)

# CPKO oil contained Phyto cannabinoid extract is 12% hemp leaves: CPKO & 6 hrs. heating

duration.

Table 4.5 Chemical composition, heavy metal test, and total plate count of crude

palm kernel oil (CPKO) and CPKO contained Phyto cannabinoid oil extracts

Oil type
ltemsY CPKO oil is contained.
CPKO
Phyto cannabinoid extract

Chemical composition

Ash? (g/100g) <0.01 0.04

Calories from Fat¥ (kcal/100g) 888.42 881.32

Carbohydrate® (g/100g) 2.19 3.21

Fat? (g/100g) 97.74 96.48
Water Content * (%) 0.07 0.27
lodine Value ¢ (%) 16.89 10.53
Peroxide Value " (mEq Peroxide/kg) 3.85 2.87
Heavy Metal Test (mg/ke)

Arsenic (As) ¥ ND ND

Cadmium (Cd) ¥ ND ND

Lead (Pb) ¥ <0.050 0.17

Mercury (Hg) ¥ ND ND
Total plate count

Salmonella spp.'” (in 25g) ND ND

Total Plate Count ¥ (CFU/g) <10 <10

Yeast and Molds ¥ (CFU/g) <10 <10
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Y Central Laboratory (Thailand) Co., Ltd.  Ash: AOAC Method 942.05 (AOAC, 2012) ¥ Calories (Fat and Carbohydrate):
In-house method TE-CH-169 (Central Laboratory, 1993), adapted from Method of Analysis for Nutrition Labelling (p.
106). ¥ Fat: AOAC Method 920.39 (AOAC, 2023) * Water Content: AOAC Method 934.01. (AOAC, 2005) ¢ lodine Value:
In-house method (Central Laboratory) based on AOCS Cd 1-25 (AOCS, 2017). 7 Peroxide Value: In-house method
(Central Laboratory) based on AOCS Cd 8-53 (AQCS, 2003). ¥ Arsenic, Cadmium, Lead: In-house method TE-CH-260
(Central Laboratory) with AOAC Methods 2013.06 & 999.10 (AOAC, 2019). ¥ Mercury: In-house method TE-CH-260
(Central Laboratory) with AOAC Method 2013.06 (AOAC International, 2019). % Salmonella spp: 1SO 6579-
1:2017/Amd. 1:2020. ' Total Plate Count: In-house method (Central Laboratory) based on FDA BAM Online (2001,
Chapter 3). % Yeast and Molds: In-house method (Central Laboratory) based on FDA BAM Online (2001, Chapter 18).

4.2 wavaansidsulasndwalsdaenanssiunuaisinlanauunduseauazluluassu de
AuTIANINATSITYALLR Aelarinaneuazdedluiaanlugnsssezaauy

4.2.1 navasgasddadulasnaivalsfaienans uazszaunisividaaussanin
naaigiAuln Vimnausnimies diunilldsu wazdwdadindne Tugnansszezgaus

mannaesiilunavesnsvaaes 2.1

1) YsgANSAMNITNERUBIGNENT INUHUNITATNAABY augmented factorial
design Wi oUszIuNanszNUvasdeslaTendn tiun Jade A Fudurdndiadu (EML
Wisuilsuiu EMPL) uagiade B Aesgdudimnanisteudmeassidimaingnans (ns
doumetnludiinasinazqe) lngisouiisudunguauaui lisunsdeusufdue

neanse3a (toltrazurl) Wurdndasinisnisinfidnldfiumlunnrisy dmsunisusediuna

v
[ 4

ARAIUINATUANTINNINSAT AUl wudrtuYe 24 Talasvidenaen angnsnlasuans

& &

EMPL %19@99520 UUS U ULANS LI LA UA 9NN UUBIUINT DT 910 AINUWLANFA 1A UNI9AD 7

(P<0.05) TpetvedadaLfisdu 0.13 nn.sislungs L-EMPL uag H-EMPL ifloiusuifisuiu

a

nauAIUANATUIMTNALTWES 0.09 nn. (P=0.001) Bauansliiudensusuimauunued

' ¥
a A

Fuuwaznsiinasnuiandulugngnsyiawsning nudniuTinaundivissgeanlungy H-

EMPL USunauusatiwdesignansiasuiade 334.63 wa.siafa 39aninguaiunu (CON) wag

Y 9 Y

[

nay L-EML agnailtfadnfsy (P=0.003) Us¥inenuddguasdadeusuiunistdaudiniadin

a a !

visesUluunsiAvgay WeliuUsgaviamnisaienengiiduiunuuiinmaes

ANNTUATIZUNEDANUIBTaTU EMPL dswasioUszd@nsninnisiasgaule

agadltdedAny (P<0.05) vaugilufiufdunusseninswliouasseauusunns (P>0.05) Fegudu

(% [
[V =]

Miadyeansihinnuegedase viliawnsausuldans uazUSinanisdeu lonumunzay

drludieiud 5 ndseaen nudinguauANNUERTINSIEgluiialsuguiungugn

o

ansnlasugnsddatulsinags ey H-EML way H-EMPL flanansadaasuidnuiugnans
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[y

sonfiafiudulaeenefidedifty (P=0.002) Fauwansdenuudalss Lagauansalunissen

a A= a

FIni AT uvesgnansusniiaillialasunisdouddatudanay @1msun1sTATeing

WasuLUaw@EuIsan NSRS aulanaenuiag 1l WuIINguAIuANTvUInATONANaS

YU av v Y o

luvagnquinlasusdatusieseiudnnugedingniinissentinvegnanslageninegs

FaLau (P=0.002) lnelamzdnsnisiasayiulaniesaiu (average daily gain; ADG) gegnlu

% a

Fudl 3-5 vesngugnanslésu H-EMPL (117.07 n¥usia) Bnviadamudninuiinaniuiign
anskisugeandmnnguvaass (P=0.013) KafanaansnUsdaanIsneuaussreviindiiaty
seaussannmsasyivlnvesgnans Tufudile aussoammsasyivlngeaneglungy H-
EMPL (170.98 n3usiafu) wa H-EML (177.06 niusetu) Insiansnduiiussansamitgenn
nauAUANaEnaiieddy (120,97 nfusetu; P=0.010) wiaufuprmusndsuasnisiudy
vonhmiinvesgnansidieldsumstougasdiatu (P=0.001) fiddyiian nuitdhsnmsnie
Tudreneungusanasedsiidfoddaylunga H-EMPL (19.69%) Wag H-EML (22.65%) 1ile
Wieurunguiilasuuiinam (P=0.016) lnednsnavesuindiatudsavilidnsnisneves
ansanaseguiinwddymeadia (P=0.001) Wemslieszviammnismedlviiunsanas
ogsIIuTBINIIERNaT? annsaAsEiaIelaaed nsmedhsamglvsu-on

Ul (5.36% Tungy H-EMPL) uagvioaide (3.17% Tungs H-EMPL) @9sndn CON dald§unns

= Y 1Y) =

Joug U B ugdanuingnsinismeaIneddslinnda 8% (P<0.05)

£
v W

At uaIN50a3ULa 31 nqu H-EMPL dusedngaansanisdsasunislasu

a

a9 INseIgNANsluTIwIAAN Frvdaasuruinasen waranaadsanisme Tnoane
IUHﬁjM@JﬂEjﬂiﬁﬁﬁ’mﬁmLiﬂLﬁﬂﬁ?ﬂﬁx‘mﬂw}a’m TngiNansEnuesgnIdsiady wasu3mans
doudmsunn uansnadaszdedu Gedfatu EMPL lusydusinas uargaduuuimisioy
Yrduasulszaniaimnisiasaiule LLazmiiam%%maaqﬂqﬂimﬂLﬁmﬁﬁﬁwwﬁﬂﬁaﬁaa
agilusEaAnSw dauandly Table 4.6

2) NamﬁLﬁmzﬁﬂizﬁmﬁmwmimﬁmaqqﬂqﬂiLLGiazﬁdNﬁmﬁ’ﬂ Y1N15AN N

a v o

anSnavesriindiadu wazdSuiunisteudinisuin dewasiegnansuravyiadivdnusn
rapavsalil lngdmuayisininvegnansusnaaen 5 939 Usenauaiy 0.90, 0.91-1.05,
1.06-1.20, 1.21-1.35, wag 41NN 1.36 NN. NUIINITIATIEALALTILUNAILUINNLINLAA

lananimaaesegInaudaemzngy lnganzgngnsniuvmtnusnaaensening 0.91 - 1.05

Y 9

an. lwsudninaanddaty EMPL USurauas (H-EMPL) ¥edaasulvusunanisnuuy

Y

=

Unndenlasuuings 308.66 wa. (P=0.010) wioudukuildunisiasyAulainnaonaenis

1% '
o

AR DNNNANITNLUIMULAAINIT 0.90 NN. K39TNIN 1.06-1.20 nn. An1staseaulalu

Y 9
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)

szavUunanalaglddanuuansiisedeiidedidgnieada (P<0.05) vaueNignansniium

14
[ £
Y

111171 1.36 nn.Juldlasuusslevilaensaainnista surinddatunisuinluseavaane

1%
Yo

dndeeinty wazUszdnSaimnssuiule wasUSuaundndos-unuuiignanstasu

9

AABATINNITNARBY (18 TU) WU nﬂmjuﬁmﬁmwmﬁm AlssudvEnavesdiiadu EMPL e
duasulignansldfuuminvionaiogeand 330.53 va.dodalurmeiinguildsu EML
seiuge (H-EML) uansendasmaaigdulaedsneiu (ADG) geaaluiufl 5 (140.39 n3usie
) wagiUinauiusilétugean 603.14 ua soff (P<0.05) (Table A1)

3) Alafinineuwazarduadlufonangns nan1siasiziuansly Table 4.7
agUlffansasunlasegitivddgiinanndumaaesdiadu EMPL wudings H-EMPL
gnansuansnAudiiuvesdlalnatuluinidaninaade (mean corpuscular hemoglobin
concentration; MCHC) WAZAIAIILNI19N1TNTLAEVIIALE DALAY (red cell distribution
width; RDOW) fisnnndanguaiuauegaiitiudidgmisaia (<0.05) Feavioufisianssunis
afadindoaunsilifintusaznisusulgsansannsalunmsdaanegislulnatulussdua §
wieufuyu fevazasdledluila (cosinophil) anasegefitsdAnlunguilld$u EMPL
(P<0.05) ag1slsfimy AT namautArendonlasiugiudyu q Idud armidudures
Flulnadusau (total hemoslobin) AdanlnA3A (heratocrit), warsuauindenuastwun
(total leukacyte count) Samsagluraendnisaisinelunanaunisinu (P>0.05) Fadudu
I¢hgnediadu EMPL drmnlaessouasUsslovififatulalddsmansgnuseniifinsatna
dndentiugnieanuanisolunsiedentheastueadnisiienegimataiaiuansdifiu
fansidsudailunssuiunauunuoafuyesdusiiuiasiusdaussanmssuugfiduiu
AauanaruInsgIuly Table 2.1 Tngvuinandduduvedusiusulugsy (total protein;
TP) uazlnaydu (globulin; GLOB) Lisged uegadideddnlunnnguildsunissnudae
EMPL WiowSsuiiisufunguaiugu (P<0.001) Tngseugeanwulungu H-EMPL wag H-EML

[ a

LARINE SEAUSauURU (albumin) luuaneneiun1sans (P>0.05 ) Falanalmiung19TaLauqN

Y

nsiiudureddusiusudunauiannisduaseilnayduidutulasianie lulynis

c{' o ac a a £ | a & v Y]
L‘UaSULLUaQWQIUSU@\TLiJLLV]‘U@aGUlII‘Uﬁmu ﬂ’]ﬁLW@JSUULQW'WI‘U&’JU?JaﬂiﬂayjaUUﬁaﬂﬂaaﬂﬂUﬂ'ﬁ

Y o A

lpSugiAuiunfTuun1saeduumaes wasn1saelouduylulnaydueg1aiuss@nsam

Feadvayuiauinisgiiquiulugnansusniia wenainil seaunglaauazlnsniivelsa il

Y 9

aa

AULANA1AUNED A (P>0.05) T ananaliiudsninuadoslutuunueadunazlydl

HatuAessaunavesnsiulansnuay vy
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LY Y

lagasy nstasunleans EMPL lausudgeavinidaiaine i dusiug v

'
a

UsLANSNINN15VUFI98NTLAU AAUTEVINTHARNAWAIUNTONLEU bazbNulUsAUIUGTUN

1Y

N v Y a v | = a al' = ~ 2 a A
Lﬂ?J'JsUaﬂﬂ'UQllﬂll UDYIURANIZLANLY FIFUEFIUNTIURIULUAIN WY AN LaZEIIINGIN

ATOUARYN Niowvaduiusinenssiunsasuwlandunalalulsedninimnisasaiule

LAZERIINTTONTINVBIRNANTUINLAR WaNa1sauDaUszANSAMIAYTINYDIENTY 190 AUY

WU NGY H-EMPL @181506 18051015693 ey ule wazuaud i o iudud sdanadaaa

1%
C% ¥

Fuadluden dnvdiigandnsinisnievesgnans laganizlunguanansniimintes fs

a o

U1unans iefiiansanangnsdiatu faunseasuladindadevindiadu uagseaunis

Joudmesnidudaseretuagnatniau satunisteudiaty EMPL Tusssuastivdauasy

Y

v o w

Uszangamnisiasaaule Lazdninssendinvesgnansusniinegsildedidgynieada
(P<0.05)

4.2.2 pavaensiUieuliisulssansnnvesddiatulnsnfiwelsaanenanaaiy
Ilawauunduesd nazluluasiu Wisuiisuiunguillderfiug deaussaninnis
wiggaula Amslarindaneuazdaaliluiaengngnsszezaaud (Wan1maaes 2.2)

1) UsvdnSanniswanuesgnans 3nnnsusziiiunanedssd@nininvegn
anslun1svnaesil 2.2 densiSeuiiieudszavnmuesdiaduiasuueluasiu (Mono-
EMPL) Weifisuiudiatuniesililauaunnduoss (EMPL) wagnguaiuasignanssuenuiiae
Tnans1g3a (CON) (Table 4.8) wuingnansldsudiaduatausn 812 drlumdsaaon iile
UsziflunauszdnSaimniswdaludag 24 $alumdnaon nuitgnansilesuddadu EMPL
y3e Mono-EMPL Shimnmindaiiiutiuoeaihiodday 0.13 nn) Wetfisusunduaiuauiiiuiy

=

WWe9 0.08 nn. (P=0.001) §9dxYouUNIN1TUSUR IMINULNUBATU LA NS IR NE 19 UUDITTln

.:4' v |

Sitatu wieldsuadedl 2 daseming 3-5 Sundsrnen etasdndrignansinadaedesHiuns
pou wuhmsiuimiindagnans aenrdestu ADG wnTu Tnevaesnguilldsusiiatuiian
ADG 8gj551319 126.97 fi3 129.48 nfusiofu vazfinquarunuilaiies 79.91 nfusey
(P=0.002) FlifudadszAniamninasqiivln uazudvauqauunueddudiviendtlu
Franarfignansiianuidssgeigalumsiamn waznsuiuisreaninwandexln e
firsananUimamaidedlésy Saduidinddyesnisdelougdiduiuainuidan
Fafnagdsnalisuande ADG arnsanIsvaassanunsaduduleingnanslungy EMPL uay
Mono-EMPL fiusinauaninimiesiiléfumnniu dewSeudisuiu ngu CON (P=0.006) Tne
wuiSinauaiivaesiignldsuieds 32873 ua. wagngu Mono-EMPL ésuinfie 336.73

ua.vizfingu CON lisuiies 276.76 wa. (P=0.006) Usuauunuviosignlasuuanlili
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=< a [

fangAnssunsnauNiudeusslu anuansaditifuduuaslagusndnduainudansi

Y 9

a

dutu defimsananmewisuulas uazmaniaiulnvesgnanslurasusavdsainaaen
WuINgnansildsuaTadu Mono-EMPL Wud1 ADG annfian Ssagvioulurhmindaiifiaiy
uaz ADG 31nfis 170.58 n¥ustetu Tufudl 14 ndsaaen ADG 11nninngu CON (107.81 ny
o) wagngu EMPL eghsiltdydAnynieada (P=0.043)

n1staudiatulugnansasdreduasunisasayiule lngnuitvuinasen
VBIFNT UAZNNTANDNTINTAVDIGNFNINDUNE U Fudumdaddyfiuansuszansnm
MsHARTsgmAmMNTTL wazAuNstsiumaAsygia Jaansenluiuil 14 ndseasnly
ngy Mono-EMPL ganiindsniuAuLazngy EMPL sgsiitoddny (11.42 dasisusians 1ile
Jieuiu 10.50 wag 10.20 sarefusiansnuandiv) (P=0.031) lansiednnissenTindiann
3y LAYANTANNISANBYBIGNANTABUNEUN GsnUIINgH Mono-EMPL i8nsinisanesian
Wies 14.27% WeSutiisuiunay EMPL ol 23.63% lazgsanlunguaiuaud 29.40%
(P=0.012) Invanadlauniie 51.40% ynSeuiisuiungualual d1mM5uN135anadvessng
MsPeATAEY U aNuANIsINBYeINans Inglaniznsmasiggumayieads Tasngy
Mono-EMPL wansliiiudszangamnistesdiu uwasyieandnsin1smenisannafingans
WMABLNEY 0.86% LT8UAU 10.40% tunguaIuAd (P=0.001) La¥BAITINITAIYIINAITON
9IN5-0UY DETI 4.30% LBUTU 14.40% lunguauas (P=0.002) sl namesansiadugnsil
uanaanamannvatevesnalnnsUnesiinse UnquRBAIANANYBINIANEYDIGNANTUIN
AR

2) "3mmgﬁﬂisﬁm%ﬂﬂ‘wmimﬁmeuaqqﬂqﬂﬂwiawd’mﬁmﬂ’ﬂ o duunaa
thwiinusniiia Table A2 WudwgﬂqﬂsﬁﬁfwwﬁﬂﬁWﬂdw 0.90 nnlungs Mono-EMPL Tufudl 5
‘Via"’maaﬂﬁﬁmﬁfﬂﬁaqaﬂdwgﬂqﬂiiuﬂa;uﬂauau LAy EMPL egnaiitiuddy (P=0.015) vauzdi
gnanslurasiwiin 0.91-1.05 nn. fhiwwdniads 1.80 nn. Tutudl 5 Weufuifies 1.41 nn lu
naueUAN (P=0.001) Fsdlfiundiatu Mono-EMPL eduaiumaiasnivlnvesgnsiia
thwiinusnaaentios

3) Anladininewazardiedludengndns 210 Table 4.9 wuitdiwaudia

=

Foaun (RBC) Aflanlunguiilé3u Mono-EMPL Taeila 5.98 x 10%/lilasns ewivuiu

9

o w

nauilasyu EMPL waznguaiuAu (CON) NdlAunnIteg1eiidad1Ayn1eadf (P=0.003)
ag3lsfimu A1e 9 Seeglugaededamneaisivevesgnansiiunoung T ey sening
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iy (MCV) 17nn2nga EMPL (57.13 fL) wag Mono-EMPL (60.50 fL) 1l eifisuiung

9

ArUANTTiAN 52,50 fL (P=0.008) Fwsdfsn1sadradadonunsunniu uarauysaiinndu i
Hudnuuzreamagadusinimdnldogiediussdnsam uaznsdnasegsislalnaduiifdu
auduturesdlulnaduedsludaideauns (MCHO sndnluiisansnguilldsuansiada
difatu (30.0-30.5 ¢/dL) Wlewflsuiungumuauiifien 33.0 ¢/dL (P<0.001) Fadenadaaiiy
fisnulugnansiifiquninduasdliifiuinisnsyasslulnadulueadesammnzanlng
laifinsazaufiound Aeunimanszanevesdadenuns (ROW) snntulungy EMPL uas
Mono-EMPL (P=0.009) s?fﬂLLamﬁamimwfun’ﬁa%NLﬁmﬁamm LATNITNOUANDIVDIbY
nszgniliindy e tavendaidenrauandiiuianmadsuiidnoulunis
YSvaunaniinuiu lne%uesdledluila (eosinophils) anasegreiidedAglunay Mono-
EMPL (0.25%) sflatisufiungsl EMPL (2.00%) uagnduaTuRal (3.75%; P=0.002) #9141

o A

N1SNTEAUNITENAUIIINNLANE Nsanasilddenannzdiinuiunaunaunduy 10158013
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v Ly wva
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e

AAeimMaiedivssidiulaeniingunlasu EMPL uaz Mono-EMPL fiuSunailusiusiulu

[y o W

FSusnnIuegildedrAyneaia (5.13-5.16 ¢/dL) kavaudutuvestnaydu (1.51-1.76
g/dL) auisufungualunuiifian 4.00 uag 0.61 ¢/dL muansy (P<0.001) Tuvnigiiniu

Wuduresdayiluliiinauunnd1anieada (P>0.05) deliuadiadveuiangnsuansdianis

Y v

WNUsEANSAINYRIEANA UL UUMATN Lazn1sUTulTensananlushulugngnsnlasy
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Table 4.8 Effects of medium-chain triglyceride emulsions containing lauric acid and

Phyto cannabinoids, with or without monolaurin, on hematological parameters and

serum protein profiles of pre-weaning piglets. (Experiment 2.2)

Mono-
Parameter CON EMPL SEM P-Value
EMPL
Number of sows 12 12 12
Newborn piglets
No piglets 183 158 168
Litter size (piglet/sow) 15.25 ==, 14.00 0.45 0.159
Birth weight (kg) 1.35 1.26 1.34 0.03 0.459
Live born piglets (24 hr.)
No piglets 163 149 160
Litter size (piglet/sow) 13.61 12.44 13.32 0.46 0.613
Weight (kg) 1.47 1.38 1.47 0.03 0.377
Weight gain (keg) 0.08° 0.13° 0.13° 0.01 0.001
Colostrum intake
276.76" 328.73" 336,73 8.65 0.006
(ml./piglet)
Piglet at 5 days postpartum
No piglets 133 124 144
Litter size (pigs/sow) 11.08 10.33 12.00 0.25 0.652
Weight (kg) 1.86 1.85 1.90 0.12 0.158
ADG (g/day/piglet) 100.89 108.47 109.00 12.35 0.113
Milk intakes (ml./piglet) 523.14 527.05 514.97 523.14 0.279
Piglet at 14 days
postpartum
No piglets 126 122 137
Litter size (pigs/sow) 10.50° 10.20° 11.42° 0.29 0.031
Weight (kg) 3.13 3.37 3.53 0.12 0.425
ADG (g/day/piglet) 107.81° 170.58° 155.57° 11.62 0.043
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Table 4.8 (Continue)

Mono-
Parameter CON EMPL SEM P-Value
EMPL
Weaned pigs (Piglets at 18 days postpartum)
No piglets 115 114 137
Litter size (piglet/sow) 9.60° 9.50° 11.42° 0.50 0.052
Weight (kg) 4.05 4.36 4.44 0.17 0.623
ADG (g/day/piglet) 151.88° 173.67° 172.38° 9.18 0.046
Pre-weaning piglet mortality rate
Mortality rate (%) 29.40" 28-63(° 14.27° 2.36 0.012
Pre-weaning piglet loss causes
(%)
Milk starvation 14.4 kEaahe 4.30° 1.51 0.002
Weak state 1.68 3.40 1.78 0.57 0.304
Crushing 2.928 9.30" 7.38&2 1.02 0.022
Diarrhea 10.4" 1.708 0.86° 1.11 0.001

Note: Different superscript letters (> <) within the same row indicate significant differences (P < 0.05). SEM,
standard error of the mean; CON: control group; EMPL: emulsion of medium=chain fatty acids containing 40%
lauric acid plus Phyto cannabinoids (Em-MCFA-Phyto-L40); Mono-EMPL: emulsion of medium-chain fatty acids

containing 40% lauric acid plus Phyto cannabinoids and monelaurin (Em=MCFA-Phyto-Mono-L40).

4) NaYa9INI9La3 EMPL Way Mono-EMPL ﬁawqﬁmsmmqaqnﬂundum‘U@m
(CON) dA11ufiN139AUNLAa 8 (suckling frequency; SF) 388211191 NLU19AUNATILIN
(latency to first suckling; LFS) LAZAAIMUA YBINAA NTINN1TTUIDILH 1UN (teat order

establishment; TOE) aafign Wawieuiunguinlasuyinvesddaty EMPL uag Mono-EMPL

PIUNISUBUATIN 1 929 8-12 TALLVAUAR WaLNISUIUATIN 2 B9 3-5 TUNFIAFDA NUIN

o w

AUdnIsitIeendualungy CON daunadndt EMPL uag Mono-EMPL ageildednfisy

y3EdR (P < 0.05) Feaeeudsmadlndifuuusivosnds uazarusuussomnisutstuite
uaiuafiindu (Figure 4.4A, 4.4D) ngu Mono-EMPL wansan LFS Ladefiduiianndsann
nslloudmeassndsil 2 Aade 16.25 uiil Waidieuiu 13.06 wiilungy EMPL uas 7.78
unitlungy CON dsazvioufisnnunszdunsziasuesgnansusniin uaznisididadiuud

o w

590U wieuuensravarazliusngdedfynisadd (P > 0.05; Figure 4.4B, 4.4F)
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WOANTIUNTADGNOUEAAULUUUTULTS (TOE) LAnusefigalunagy CON Tugae 8-12 4alug

o

usn usianasognafitedndnlungy Mono-EMPL (P<0.05) Bststdsaudaudsssminagnuy
anas (Figure 4.40) dIMSUNANIINIEAIMNVDINITUYITY AL BrzwuLUIawNauLlund
(facial lesion scores; FLS) iiuduaensdanasluiangs CON uay EMPL snnfigslufudl 5
wanaon (CON: 1.31, EMPL: 1.11) Tumanssiudu gnvgflunga Mono-EMPL uamsiade
FLS sinflgnedsasinianonasntienm wazanasauisazuun 056 luufl 5 deuadfenns
v umsluninfdesaswarnisldsuuinunaainnisug uduuiianas (Figure 4.5 uay
awnanishinviuuly Figure 3.3 waziinnuuansvegaiitiudAgmnieada (P<0.05) Usingdn
seminangu CON wag Mono-EMPL Tufuil 3, 4 waw 5 ndsaaon FeatfuayuuuiAnunaana

nMsregdilalasudiatu MonoEMPL sianisuimduniatuniinlugnuyusniinlaedns

FALAU

Table 4.9 Effects emulsions of medium-chain triglyceride containing lauric acid and

Phyto cannabinoids, with or without monolaurin, on hematological parameters and

serum protein profiles of pre-weaning piglets. (Experiment 2.2)

Parameter CON EMPL Mono-EMPL SEM  P-Value
Number of piglets 8 8 8
Complete Blood Count
WBC (cell x 10°/L.) ir {2 1.24 1.03 0.06 0.303
RBC (cell x10%/L.) 6.82° 6.80° 5.98" 0.12  0.003
Hemoglobin (g/dL) 11.83 11.66 11.06 0.28 0.536
Hct (%) 36.00 39.13 36.25 0.88 0.284
Platelet count (cell x 60.65 55.88 44.89 3.49 0.170
10°/cu.mm)
Red blood cell (RBC) indices
MCV (fL) 52.50° 57.13° 60.50° 1.12 0.008
MCH (pg) 17.38 17.25 18.63 0.31 0.131
MCHC (g/dL) 33.00° 30.00° 30.50° 0.33  0.000

RDW (%) 16.54° 19.65° 20.13° 0.55 0.009




Table 4.9 (Continue)
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Parameter CON EMPL Mono-EMPL SEM  P-Value

White Blood Cell and Differential Count (%)

Neutrophil 35.75 30.88 35.75 2.69 0.712

Lymphocyte 54.13 59.50 57.88 2.83 0.746

Monocyte 6.38 7.63 6.13 0.40 0.265

Eosinophil 3.75° 2.00° 0.25° 0.44 0.002
Biochemical tests (g/dL)

Total protein (g/dL) 4.00° 5.16° 5.13° 0.15 0.000

Albumin (g/dL) 850 3.65 3.36 0.07 0.155

Globulin (g/dL) 0.61° 1.512 1.76 0.14 0.000

Note: Different superscript letters (*©)

within the same row indicate significant differences (P < 0.05). SEM,

standard error of the mean; CON: control group; EMPL: emulsion of medium=chain fatty acids containing 40%

lauric acid plus Phyto cannabinoids (Em-MCFA-Phyto-L40); Mono-EMPL: emulsion of medium-chain fatty acids

containing 40% lauric acid plus Phyto cannabinoids and monolaurin (Em-MCFA-Phyto-Mono=L40); MCV: mean

corpuscular volume (femtoliters, fL.); MCH: mean corpuscular hemoglobin (picograms, pg); MCHC: mean

corpuscular hemoglobin concentration (grams per deciliter, g/dL); RDW: red cell distribution width
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Figure 4.4 Behavioral responses of piglets following first oral administration of

112

experimental emulsions: (A) Suckling frequency (SF), (B) Latency to first suckling (LFS),

and (C) Teat order establishment (TOE) during the initial 8-12 hours postpartum; (D)

Suckling frequency (SF), (E) Latency to first suckling (LFS), and (F) Teat order

establishment (TOE) at 3-5 days postpartum
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Facial lesion score
1.40 131a
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Figure 4.5 Facial lesion scores in piglets from day 1 to 5 postpartum treatment

groups.
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4.3 1 wavosmsmdndudtadiniossAmnsauseaosanvesdtady (nans
NAaDY 3.1)
dlofnwaninzdiatuiinzaulunistnieuddatuvesnsaluiuaianans
Wt nansAnean eI gauueIN T susaTur eyt (oil in water emulsion)
Tnoiuludosnnududunsnassnludiunasiununats (core materials) uazdndiuvesdiad
11805 (Tween80 uay Spanso) il olwiladsiadui fiafiosnngwazauysaifigadmsy
Ul lunsviusisuuunurles (spray drying) wieidunslunszuiunisnaaewoly nan1s

naaeslagulanall mnududunsnasin (Factor A) AANTY 40% Uag 50% VBaNIAae3n

%
aaa s

Ty core materials MagasszAUAINULINTUMLNTENIUNSOS sudNat N oA LA ANAYNNT D 9
ANULADETAY 19U A1 total soluble solids, creaming index, WagAdY 9 Wag AMLTNTUNT
a % a ¥ d' oI ! = 6 U % dye./ | . . U
AABINVBITANAULAUNAN 60% WNaTAINIMIBAINTINUUINAITTR 1Y creaming index f
pH wazAuad A INluuI9n 1L nNedna1uTes tween80 way span80 (Factor B) Lile
ANYIMIEAEIUN LU EN 90:10, 80:20 WAL 65:35 LAUFAAIULMAT VLD T adull AN
creaming index, precipitation index, Wag stability measures NA3U uadnduf 50:50 1Uu

angildmingay Weanniiiddatuianisuentuvseanuliiadiosgs mnuan1sinvuie
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a1n1A (droplet size) aglugiausvanns 79-103 wluluns Paandien1snTeemvesdlatu

luanmunlu uagaAn zeta potential dA1AAaUES (Useun -42 9 -57 mV) kanddandIy

£
I a v A =

adesuesszuudiiatu Tnordegs (Aavann) Beisiindsaduiinnuaiosunn deiumy
WANM 19904 droplet size kay zeta potential Futuarumdudunsnass nuardndu
Tween80 AU

Span80 (Table 4.10-4.12)
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rom Taflaan 10 w9l azladndIusening core sio wall material AMRuASATIEIU 1:3 dau
A19LM5 81 wall material Ratio Iaelduaalawhnnsud (MD) way lowdeuLadiun (NaCas)

AMNUABAIIEIU 4 fD 1 LeeTdUNBUNITHTONAIUNEN USENDUAIY UINAUTNNIUNTALD

a

750 ml AuusdaaIulyi MD sia NaCas (4:1) %150 (240:60 NSU) kazAINUAUSUIVDILT I

avaelaniavua (TSS) winfu 40%

- 3 L " | B 0 - < -
A: 40% x 90:10 B: 40% x 80:20 C: 40% x 65:35

Smallest, most uniform Slightly larger, still uniform Mixed, larger, more variable

L /. y S

D: 50% x 90:10 E: 50% x 80:20 F: 50% x 65:35

Larger, mostly uniform Larger, some heterogeneity Largest, most

variable/agglomerated

Figure 4.6 Microscopic images of oil-in-water emulsions state (Mono-EMPL)

(magnification 40X; 50 Km)
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Table 4.12 Effects of lauric acid concentration in core materials and Tween 80 to

Span 80 ratio on droplet size and zeta potential of nanoemulsions.

Nano-Emulsion

Zeta Zeta
Factor Droplet size
PDI Potentials Deviation
(nm)
(mV) (mV)
Interaction factor A x B

40% x 90:10 102.17+2.60° 0.88+0.01  -56.85+1.06°  54.70+2.82°
40% x 80:20 103.70+7.45° 0.82+0.06 = -57.20+0.42° 57.50+0.98"°
40% x 65:35 79.21+4.33° 0.59+0.06 -41.85+0.64° 85.70+2.55%
50% x 90:10 98.78+11.34% 0.86+0.01 -42.65+2.47° 86.85+3.46°
50% x 80:20 80.12+2.37° 0.65+0.23 -53.85+1.77° = 67.15+0.92°
50% x 65:35 T76.97+4.77¢ 0.42+0.01 -43.55+1.48° 91.55+5.16°

Factor A: Lauric acid concentration in core materials (QOil)

40% 95.03+12.92°  0.76+0.14  -51.97+7.86° 65.97+15.44°
50% 85.291+11.94°  0.64+0.22 -46.68+5.77°  81.85+11.92°
Factor B: Ratio Tween80 and Span80 (%)
90:10 100.4746.99°  0.87+0.01° -49.75+834°  70.78+18.74°
80:20 91.91414.35°  0.73£0.17° -55.52+2.20° 62.32+5.63°
65:35 78.09+3.94° 0.51+0.11°  -42.70+1.35°  88.63+4.74°
SEM 4.460 0.072 1.047 2.140
P-value
Factor A 0.037 0.089 0.001 0.000
Factor B 0.007 0.006 0.000 0.000
Factor Ax B 0.041 0.483 0.001 0.002

Note: Values are presented as mean + standard deviation (Mean + SD) from replicated experiments (n = 5). Different
superscript letters (* ™ ©) above the values indicate statistically significant differences among treatments, as

determined by Tukey’s at P < 0.05. Abbreviation: PDI, Polydispersity Index
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4.3.2 NANTMANTETIMNE AN TEUUNM YU ILUUTIUN DEH AN 1NYD
wilulasiounalyn (Wan1smeaes 3.3)

Hawan (spray drying yield) a8enszuiunsyiuimuunudssLallanslula
siouLAUgaadan gdestmunanvlngnisldaamaiauiounidl 220°C wagANUTNTUNS
nao3nluianAuinunans 50% linandn 89.73% dailauuansnsedeiifuddmieada
(P<0.05)

INHAKER (spray drying yield) neldaniizlagnisldgamgiauiounidn
220°C wazaududunsnaninluanfununats 50% luafiaenndastutminuedldan

NITUIUMTVIAIAILRRE 7.78 ASUABUIN (P<0.02) wiUsednsaimnisvieva (encapsulation

(% '
= =

efficiency) ¥IN1IIWAMUUNUNBEATIHENdnNan 1eAIs UMM 190°C Wiy 83.59%

Y

IngnuivaesladedmaagraiiiedAnyniaifsoussansninvieny (P <0.05) Fauans

¥

wuhusgdnsamlunisrevidlaeinandid inusunaduduilignuenu (surface fat content)

q

% } %4

YoIVAB BB NAUANGN S LYERR (P<0.05) Fewuidegampianfeuriinanasezduaia
Tiusunallusudiligniiesiaanas (P<0.05) (Table 4.16) WiensiaaeunausAvinienIn
voswshilasiouuaugy nudanutusdilasioueugaeylusedui (Ussann 1.9-2.3%)
Tnenuiiuazanasiiiegamgininiu (P<0.05) wag fanssuvetil (water activity) 3nTu
antesluaidudy 50% wazgamaiginin (P<0.05) d3uniiunuikiuvang (bulk
density ua¥ tapped density) Inntuidionuidudunsanosndiadu uazlinnuunnsisogg
FaLau (P<0.05) Feaonndoiiudvinisdasa (compressibility ratio) anadluseduiiaau
dudugauaronmailias (P<0.05) uanidsmudulaua msainsalunislvavensiidty
(Table 4.13)

namsiesgiUiinansaluiuresmdlilasiounaUganussiunsnasing
WANANAY HIUNTZUIUNTVILAILUUNUNDEAETAANIZ68 9 WUIINISENAMUARNE
YeeguNiluazAUTuTuvaInInaeIntuianununaty denssulunsHanndlulasiou
walga TavinalaenseoUsinansaluiuusazyiinlundlulasieuuadya lnganiznsaludu
a1enans (MCFA) Feiinsaaein (C12:0) ilussAuszneundn 91nsansnaass wuinand
T¥mnududunsnasin 50% wazgamail 190°C dwaliladUnansnasingeandl 15.41 n3u
sio 100 n3u Tuvazfiannizaandudiuninasin 40% wazgaumnil 220°C sziiUsinmninae’
nanasegedalay deiios 10.4 n3use 100 N3 WuLFBIRUUTINY MCFA 9 fiantie
50% x 190°C flUTanaigaanil 16.29 n3usio 100 n§u uazsngail 11.12 nfusie 100 n3uly

an1ie 40% x 220°C Yoyailusdimsladeoumgiuaranududureninaeindinaseniny
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AsIvDY MCFA dausuuinalagiududs (saturated fat) waglufulaidusa (unsaturated
fat) nudnlusududfiuiinaugeanil 21.8 nfusie 100 n3u neldanine 50% x 190°C waz
tougad 15.3 n3usio 100 nfuluaniig 40% x 220°C dnwaifoafululuiuliduddany
gaandl 9.07 n¥usio 100 n3u wasaRdl 6.6 n¥use 100 n¥u meldannsieatu venaind
ludruvesnsaladunqulowni (Omega 6 uag Omega 9) WU YT lunnanIe
Tneaniz Omega 9 SUSwas 6,029.97 fadnsusie 100 ndu wazdivwilduanauiloldniny
dduansiaiusvidogungiigs (Table 4.15)
fefuasuldhnsidenldannzanmgivarseduaududuresnsnasinia
Hutanununansvesmsviutauuuniudes meldanneildanmgil 190°C wazarmdudu

Y99NIAAD3N 50% ALA8AUSUIUNTARRSNLaENsAlTulaLINAIN 220°C
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Table 4.15 Effects of lauric acid concentration and inlet air temperature on the fatty acid

profile of microencapsulated powder.

40% x 40% x  50% x
ltems (g/100g) 50% x 220°C
190 °C 220°C 190 °C

Fatty acid composition

Caproic acid (C6:0) 0.02 0.02 0.03 0.03
Caprylic acid (C8:0) 0.43 0.34 0.41 0.37
Capric acid (C10:0) 0.45 0.35 0.43 0.37
Undecanoic acid (C11:0) 0.01 0.01 0.01 0.01
Lauric acid (C12:0 1295 10.4 15.41 13.38
Medium-chain fatty acids (MCFA) 13.66 11.12 16.29 14.16
Tridecanoic acid (C13:0) 0.02 0.02 0.02 0.02
Myristic acid (C14:0) 2.12 1.6 1.9% 1.74
Palmitic acid (C16:0) 2.82 2.05 2.85 2.6
Heptadecanoic acid (C17:0) 0.01 0.01 0.01 0.01
Stearic acid (C18:0) 0.59 0.43 0.58 0.54
Arachidic acid (C20:0) 0.06 0.04 0.06 0.06
Behenic acid (C22:0) 0.03 0.02 0.03 0.02
Lignoceric acid (C24:0) 0.03 0.02 0.02 0.02
Saturated Fatty acid (g/100g) 19.34 15.31 21.79 19.17
Palmitoleic acid (C16:1n7) 0.02 0.01 0.02 0.02
Trans-9-Elaidic acid (C18:1n9t) 0.02 0.02 0.02 0.02
cis-9-Oleic acid (C18:1n9c 506 4.41 5.98 5.41
cis-11-Eicosenoic acid(C20:1n11) 0.04 0.03 0.04 0.04
Nervonic acid (C24:1n9) 0.05 0.04 0.03 0.03
Monounsaturated fatty acid (g/100g) 6.11 4.51 6.09 5.52
cis-9,12-Linoleic acid (C18:2n6) 2.68 1.97 2.82 2.6
gamma-Linolenic acid (C18:3n6) 0.04 0.03 0.05 0.04
alpha-Linolenic acid (C18:3n3) 0.1 0.08 0.09 0.1
Polyunsaturated Fatty acid (g/100g) 2.82 2.08 2.96 2.74
Unsaturated fat (g/100g) 8.93 6.59 9.05 8.26
Omega 3 (Mg/100g) 104.8 77.76 87.02 101.68
Omega 6 (mg/100g) 2,719.04 2,002.04 2,874.26 2,639.28

Omaga 9 (mg/100g) 6,029.97 4,451.72  6,022.90 5,445.94
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Table 4.16 Effects of Spray Drying Conditions (Lauric Acid Concentration and Inlet Air
Temperature) on Particle Shape, Surface Texture, Porosity, and Uniformity of

Microencapsulated Powder Observed by FESEM (Figure 4.7)

Condition Particle Shape Surface Texture Porosity Uniformity
40% x 190°C Smooth/slight
Spherical Low High
(A1-A3) roughness
40% x 220°C Increased
Spherical/with pits High Moderate-Low
(B1-B3) roughness
50% x 190°C Rougher, bigger
Spherical/larger Moderate Moderate
(C1-C3) particles
50% x 220°C
Irregular/aggregated  Rough, porous Highest Lowest
(D1-D3)
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C1: 500x C2: 1000x C3: 5000x

Spray drying conditions (50% x 220°C)

D1: 500x D2: 1000x D3: 5000x
Figure 4.7 Morphological characteristics of spray-dried microspheres under different spray
drying conditions, visualized using field emission scanning electron microscopy (FESEM) at

various magnifications (500x, 1000x, 5000x).

Note: Samples were prepared with varying lauric acid concentrations (40% or 50%) and inlet air temperatures (190°C or
220°C), A1-A3: 40% lauric acid, 190°C; B1-B3: 40% lauric acid, 220°C; C1-C3: 50% lauric acid, 190°C; D1-D3: 50% lauric acid,
220°C.
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433 wan1sAnwaniznisaratsinvesnslulasiouwaUya (Msvaaes 3.4) fun
Jaduns@nen 2 Useihu Qmmﬁ%ﬂﬁﬂﬁwasma AMUUA 3 SEAU AR 70, 80 way 90°C havdnaIu
iwnfleaﬂ,ﬂiLauu,ﬂﬂsgaﬁaﬁwﬁiﬂumsasma Ve (arann) fvius 4 sedu A 1:0.5, 1:0.75, 1:1,
war 1:1.5 Tngldndlulasewadgiadu 4 gasdsed nelulasiounaugadmualdanududunsnanin
TanuAuNa1e 40% ldaamngil 190°C uay 220°C uay walulasieuuaugammualdaudutunsaa
a3nTanununans 50% ldaamgil 190°C uay 220°C lagaguuenmuviinvasmslulasiouwauya veq
YAAUTUTUNTAARINYRITAALNUNATN 40% LagilTeuisuseninldaamgdausauriiuis 190
way 220 °C AAT1esidvBnasiusevingavgiiin wardadiunadounlunisazats wudtan TSS
dwiundlilasiounadgaldomumgiivime 190 °C liwuarmuansnsfunsadifvesdvsnasiuvioans
(P = 0.564) usi welalasiouuAvyaldgnmivinuia 190 °C waw 220°C Wud1en TSS galuanie (TM
90°C x R 1:0.75) ifu 26% (P=0.019) drurdnduvosdifaduiiiamiugundsainnisazateni
(turbid emulsion ratio; TER) @ 96'1a13150AAA1NAINYL UATANNAIFIYRIBTaTunda1nnIg
avanetidieruly 2 $alas nudinslulasiouuadgaldgmumgivius 190 °C flannaz (TM 70°C x R
1:1.25) Wity 100% BliiAngeaaiileSeuiisuiuannizdu (P = 0.002) Wuifgtu wlslasiou
uegaldgamndivhuiis 220 °C iy 75.33% daufa@dantsdundndiunsazastivesnslula
sieuualya (Water-soluble powder ratio; WSPR) wuinwslulasieuuaugaldanmgiiviuia 190°C
liwuarauandntunsadfdeToudouanndrinasuvesisanstade (P = 0.197) usidadaung
sotndmiunisagans (1:1.25) A1 WSPR iy 80.29% Gagenindadiudug uay ndlulasiou
uaugaldgamgivhuia 220 °C liwoauuandrsiunadeluFouifisuanndrinasiuvesisas
Hads (P = 0.715) usinsldgamgiivh 70°C elidndaunsazareiganitgumnfidug (WSPR
69.14%, P = 0.001) Lm'LﬁaL‘U%‘EJULﬁsmiwdwmhﬂmLauLmUsgaWUd'1 190°C Sdnarunisazansiin
g9 220°C
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Tofdn TSS Wity 27.33% Fsgendmnanmsidiofiansanandvswasiusisaostiady (P < 0.05) dwsy
walulasteuuadya 220 °C A1 TSS linumnuuaneeiunieada (P > 0.05) A1 TER vesuslulasiou
uegavisansgaumpdnuiniuly 2 $3lus Ssenunsanseunsiasdiiaduld 100% (P < 0.05) &
nsldgangiith 70-80°C war dadunssion 1:0.75 - 1:1.25 anunsalddvEnasmmariamsy
avansuuaglieuasanzveadiiatuld 2 $2Tus dauen WSPR vowmdlulasiouuasga 190°C Ll
nUANLANA1ITasBNENAT L saastads (P > 0.05) widndaunsden (1:1 wag 1: 1.25) Tk

WSPR 4091 (1:0.075) (73.45,71.84 vs. 65.13; P<0.05) usifi1 WSPR vasnslulasiouwalea 220 °C
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4.4 wavasddadunslulasiaunalgansaludiuaenalsiuivasaialnlawauunduesn
wazluluassu AoaussanIwNIRsYiuln Amnsladndineuazdaail Ufhsensaend

wazqaunsdludldvasgngnstrsgauy

4.4.1 navas MPL uaz MPLM Tugngnsyaenauniuisuiiisugngnsiungs CTR
AauszansnmnisasyAulnuesgngns Taedl CTR (control) Ae gnansnguaruauilasy
mstleutimsunndieni reverse osmosis (RO) (ASeil 1 usnaaen, afsit 2 Yufl 3 ndnaon
, el 3 Yuil 21 vdseaon u3o nouaTouyaainvang 8 wu) nguil 2 MPL Ae gnansngu
yaaosilagldsumstiounslulasiBusavmadunsaluiumsnanaduty @dunauthiuda
Tuundu uaglnsndiweslsdduq eimunnsaluiuaonaadudugs nansaassn uazans

=

analudnyue) uag nauit 3 e gransnqumaasildsunsteundlulasidunaugiatunse
lusfuanenanadudy (MPLM faunauiiundalulisy wazlnsndweslsdaug worfmun
nanlusumenatsdidiugs nansnagin arsadalufyes wasddaluaeiu) veaosgns asdes
avanenslalastounaugadaenit RO guvndifeutassening 70-80 asanden fesnandiu 1
s 1 (MPL powder sia RO water) Youdmaaaadmalinsiuig 3 ass assaz 3.5 ml waz
AnsziBvEwaTatAmaansinanfeaniuazianhniausnanen Fwmnutsesnidu 4 929
#o nqugnansAifiiwiinun < 0.99 (WT1) 1.00 - 1.20 (WT2) 1.21 — 141 (WT3) wae > 1.42
(WT4) An. Wy 13’11/1ﬁfml,iﬂLﬁmaagﬂqmu@iazﬂ&jwmaathLLmﬂﬁi’Nﬁuﬁ’umﬂaﬁa (P > 0.05)
sletloudmnaasafaiiusntagsenine 8-12 dalumdsanon wuiniwingnansuagiiusimiin
ndsnann 24 Talusvawnagu MPL wag EPML fhiwwiiuandiutivingsnin CTR (P < 0.001)
Uiinuuaiuwdesiildsulurag 24 Salususnvoandu MPL uag EPML gend1 CTR agsdmiau
(P < 0.001) uiingfa uaz ADG %2387 3 Tutesnau MPL uaz EPML genangu CTR 9814
Fatau (P < 0.001) ¥miing wag ADG 91981y 14 Yuuar 21 Yuynngunisvaaeslsifiaiy
uANA1aUMNERA (P > 0.05) usingy MPL uaz EPML Suudltuganiingu CTR ilefiansan
Mndnsnsmenui ndsldsunmstoundausn dasinevesngy EPML Agadl 1.64% Litey
U CTR 71 6.75% (P = 0.061) nsnsanelutudl 3, 14, uag 21 Jundsnasnvesnga MPL
uay EPML Andnnga CTR aghsfifadndny (P = 0.029) uaganivgnismevesgnansidfzy
Ao Aerieviotdy N1senuN Wagnsgnualvivanadtungy MPL wag EPML (Table 4.18)
dlednseidoyalasmaioudisunuranimdnusnin (Table A3) Tasutsnia
FasimiinusniAn 4 nau (WTL: <0.99, WT2: 1.00-1.20, WT3: 1.21-1.41, WTd: >1.42 nn.)

(%
a a o Y !

WU UsgdnSnmuesansuminusnaaendaei 1 (WT 1) Sudunguansumindes wies
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ninnausanasgIL Wi thwidn weedamnisiesaaiule Tuthe 24 Slumdinaealneiane
& MPL (1.08 kg) wag MPLM (1.07 kg) 1nnnanas CTR (0.84 kg) (P<0.001) Snvamstity
dwiingas 24 daluavdanaen wuiingy MPL (232.5 g), MPLM (226.96 ¢) annninngy CTR
(78 ¢) (P<0.001) iwitinda uay ADG vosTudl 3 dsnaeanuiTUsinauufignansldsures
Ny MPL uag MPLM 11nndt CTR agnaildydfynneadian (P<0.05) uae thwiinduay ADG
7l 18 way 21 Yundsraenliifiruuansnameedii (P>0.05) tiutusnanondsd 2 (WT 2)
wuinmiin 24 Slumdsenen mafiudming 20 Blumdseaen Usinuuiniindesd
1#5u vvning uaz ADG 71 3 fuvdsaaeazasndy MPL waz MPLM 110031 CTR (P<0.05)
Snvia thwiin way ADG vasdnstadeny 14 way 21 Yu liwueuuansnatunsadii (P>0.05)
ininusnaaentaed 3 (WT 3) wudndwidngnansluras 24 §2lumdsnaon U3
Unmdeadildsu uag ADG Tutuil 3 fundsnnonteangy MPL waz MPLM 11nnda CTR
(P<0.001) danlusuil 14 uae 21 Tundsnnon iwiin wae ADG liwuaTBumnAstUN9aER
(P > 0.05) HvidnusnAaentaad 4 (WT 4) Lﬂuﬂquﬂqﬂiﬁﬁﬁfwuﬁfﬂﬁmm dlelssunislou
Awnaes nud1 dwdniagag 24 Halas UTinauaiuwEesldsu weg ADG 923 3 Suuae 21
TUNNIPREALBINgN MPL wag MPLM 11nnda CTR (P<0.05) uf shindauaz ADG U94gn
anslutuil 14 Jundsnaonlinuauunnd1sfuneaif (P>0.05) 990 Table 4.18 WU
Sn91NNIANEYRIgNAN YA tarmamorouveuy Turag 24 Flumdsiudeudmeans
fismsnsmesiigalungy MPLM (1.64%) wazaniangs MPL (5.77%) wag CTR (6.75%)
LANENSIUN9EEs (P=0.05) daudnsimsnieluyas 3 Juwsn, 14 34, dag 21 Tu 9nsnsene
¥93ngy MPL Uag MPLM #1niingal CTR fin2uusnd 19 um sadil (P<0.05) uazmaoanis
MAaeY 21 TUYDIYNMTAAULNUINENTINITANBY8INGN MPLM uay MPL liunndnaiumia
add wazdidiininngy CTR (P<0.001) Ll oM a5 NAMANIANENdNTi anasegedl
Wod1Ay189nqyu MPL Lag MPLM LaLAamnn1sn1enl8an17eondy wagn15onu
(P<0.05) wazluya9 3 TUNHIARDA ANNANITANLBAUN WATLUIUYBINGY MPLM Uag MPL

fMningu CTR (P<0.05)
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Table 4.18 Effects of microencapsulated emulsion containing medium-chain fatty acid,

phytocannabinoid extract, and monolaurin on growth performance and diarrhea

incidence in suckling piglets

Parameter CTR MPL EPML SEM P-value
Number of sows 21 21 21
Newborn piglets 286 281 283
Litter size (piglet/sow) 13.62 13.38 13.48 0.33 0.959
Birthweight newborn (kg) 1.48 1.45 1.49 0.03 0.862
Live born piglets (24 hr.) 265.00 264.00 278.00
Litter size (pigs/sow) 12.62 1247 13.24
Weight 24 hr. (kg) 1.62 1.69 1.74 0.03 0.295
Weight gain 24 hr. (¢) 126.22°  226.27°  24023°  9.74 0.000
Colostrum intake (ml./piglet) 353.93° . 482.13° 501.99° 12.98 0.000
Piglet at 3 days postpartum 233 252 268
Litter size (pigs/sow) 11.10 12.00 12.76 0.31 0.095
Weight (kg) 2.17° 2.62° 2.82° 0.06 0.000
ADG (g/day/piglet) 173.30°  307.63°  359.24° 15.11 0.000
Milk intakes (ml./piglet) 689.69°  1244.89° 1527.36° = 66.69 0.000
Piglet at 14 days postpartum 213 242 260
Litter size (pigs/sow) 10.14° 1315 12.38° 0.32 0.015
Weight (kg) 4.48 4.57 4.62 0.08 0.759
ADG (g/day/piglet) 217.89 220.44 221.18 5.38 0.968
Piglet at 21 days postpartum 198 233 257
Litter size (pigs/sow) 9.43 11.10° 12.24° 0.33 0.002
Weight (kg) 6.41 6.74 6.99 0.10 0.071
ADG (g/day/piglet) 225.36 239.67 249.33 4.40 0.080

Note: Different superscript letters (* > <) within the same row indicate significant differences (P < 0.05). SEM

denotes the standard error of the mean. MPL: Microencapsulated powder of concentrated medium-chain fatty

acids (MCFA), containing lauric acid and hemp leaf extract. MPLM: Same as MPL, but supplemented with

monolaurin.
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Parameter CTR MPL EPML SEM P-value
Pre-weaning piglet mortality rate
Mortality rate after 1st oral - 24 hours (%)
Mortality rate (%) 6.75° 5.77° 1.64° 0.94 0.050
Piglet loss causes (%)
Milk starvation 3.32 261 1.24 0.54 0.283
Weak state 0.56 0.37 0.00 0.18 0.429
Crushing 2.87 Pl I 0.40 0.57 0.128
3-day piglet mortality rate
Mortality rate (%) 11.91° 4.24° WK 0.94 0.000
Piglet loss causes (%)
Milk starvation 6.18° 2.42° 2.29° 0.72 0.039
Weak state 1.83 0.76 0.60 0.36 0.333
Crushing 3.90° 1.06° 0.77° 0.51 0.020
14-day piglet mortality rate
Mortality rate (%) 7.7 3L7 R 2.56° 0.84 0.029
Piglet loss causes (%)
Milk starvation 0.69 0.48 0.30 0.24 0.807
Weak state 0.66 0.48 0.43 0.26 0.930
Crushing 1.64 1.47 1.21 0.41 0.912
Diarrhea B 48 1.29° 0.62° 0.57 0.006
21-day piglet mortality rate
Mortality rate (%) 5.57° 3.46% 1.05° 0.61 0.008
Weak state 1.40 1.24 0.00 0.32 0.147
Diarrhea 1.11 0.83 0.00 0.28 0.249
Joint swelling 3.05 1.39 1.05 0.45 0.150
Pre-weaning piglet mortality rate
Mortality rate (%) 25.20° 11.41° 7.27° 1.58 0.000

Note: Different superscript letters (* €) within the same row indicate significant differences (P < 0.05). SEM

denotes the standard error of the mean. MPL: Microencapsulated powder of concentrated medium-chain fatty

acids (MCFA), containing lauric acid and hemp leaf extract. MPLM: Same as MPL, but supplemented with

monolaurin.
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Table 4.19 Effects of microencapsulated emulsion containing medium-chain fatty acid,

phytocannabinoid extract, and monolaurin on Hematological and biochemical

parameters in suckling piglets.

Parameter CTR MPL EPML SEM P-value

Hematology

WBC (cell x 10°/L.) 1.29%° 1.55° 1.09° 009  0.050

RBC (cell x10%/L.) 7.11 7.44 6.91 0.14  0.300

Hemoglobin (g/dL) 14.82 14.93 1440 028 0728

Hct (%) 44.60  44.89 4350 073 0.733

Platelet count (cell x . \ "

31.18 48.67*  42.56 261 0014

10°/cu.mm)
RBC Indices

MCV (fL) 64.00°  61.00° 6333 047  0.015

MCH (pe) 21.00  20.29 2083 016  0.173

MCHC (g/dL) 33.40 33.00 3300 014  0.394

RDW (%) 1597°  17.54% 1693 027  0.047
Hematology WBC differential (%)

Neutrophil 49.20° -41.32% 3408 = 229  0.018

Lymphocyte 42.00° 4930 5533 218  0.036

Monocyte 7.60 757 6.96 037  0.745

Eosinophil 1.13 1.90 169  0.14  0.055
Metabolism and energy

Glucose (mg/dL) 75.84°  113.62° 13237°  6.05  0.000
Protein (g/dL)

Total protein 3.89° 4.95" 531" 0.4  0.000

Albumin 3.18° 3.96° 437" 012  0.000

Globulin 0.71 0.93 094 009 0537
Liver function indicators (U/L)

AST 64.37°  6572° 11425 772  0.005

ALT 41.00 4100 4225 170 0946

ALP 52537  526.88 47438 2651  0.674
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Note: Different superscript letters (> ® ) within the same row indicate significant differences (P < 0.05). SEM denotes
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids (MCFA), containing lauric acid and hemp leaf extract; MPLM: Same as MPL but supplemented with
monolaurin; WBC: White blood cell count; RBC: Red blood cell count; MCH: Mean corpuscular hemoglobin; MCHC:

Mean corpuscular hemoglobin concentration; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST:

Aspartate aminotransferase..

4.4.2 nadsadunslulasiouuauyananitindamislaininguazdaaiilubon

WUIINFY MPLM dA1m151dimeasunada i WBC, Platelet count, MCV, RDW, Glucose,

'
Qe 2/ a IS

Total protein, Albumin dAnuuanssegelideddgnieada Welllguiu CTR diu WBC g

o
£

lungu MPL 1nndnngal CTR (P=0.05) #1983n Platelet count gslungy MPL u1nnIngy

CTR (P=0.014) A1 MCV 4@z RDW fimnulianmiqeg nidod 1 fuyn1ada wansndmaass
anusndaTIALAIN uagA ALy siiventadidnidon Aauen slucose getusnuAutely
ngu MPL Wwag MPLM (P<0.001) udasaniuzgnsiasundsnududundanuanmstouds
neaaslifuans uasa1n1svieueeiy (AST) nuifisdulunds MPLM (P=0.005) ugt ALT

waz ALP lifaauusnaie (Table 4.19)

4.4.3 naddadunslulasiaunalganan ¥ iaszavdnylulnaydy (Immuno-

Y

globulin) IgA, IgM uag 1gG geliuageitudAnlundu MPLM uﬁﬂﬂ’jﬂﬂajmgu (P<0.01) 1ag

o A

1< a v Yo [ = o w '
IgA LLag IgM LﬂUQMQMHUVI@Jﬂﬂ’JivLﬂiU LLﬁziz@‘Uﬂ’]iﬁ%ﬁﬂiﬂi%‘U‘ULﬁ@@ haZAINEYN NI

Y

novauemgiiauiulugnans (Table 4.20)

Y 9

Table 4.20 Effects of microencapsulated emulsion containing medium-chain fatty acid,
phytocannabinoid extract, and monolaurin on Immunoglobulin levels (IgA, I1gM, 1gG) in

suckling piglets.

Parameter CTR MPL EPML SEM P-Value
IgA (mg/dL) 12.00¢ 20.75" 47.50" 4.57 0.000
IgM (mg/dL) 6.35° 7.52° 14.29" 1.08 0.000
IgG (mg/dL) 123.42° 177.80° 289.25"  26.09 0.011

b:¢) within the same row indicate significant differences (P<0.05). SEM refers to

Note: Different superscript letters (
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin; IgA: Immunoglobulin A; IgG: Immunoglobulin G; IgM: Immunoglobulin M
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4.4.4 waddindunslulasiounatgadeddindiuanianisasandinduluden 4
Usznaunie SOD, GPX ay MDA wui1 GPx Lay SOD ldunnansniueg1sduedey Yoz
MDA (fausiURTe UM DanGIAtl) gandianguaiuan Gmudmdsnnnstion MPLM 8-12
s raferneudiiusuuuidsiouseufiiseninend wuih MDA Wiugeuuandliifiy

PdYaIfnaanInevauewen1seeng nsvedluluaeTuiuiInTy (Table 4.21)

Table 4.21 Effects of microencapsulated emulsion containing medium-chain fatty
acid, Phyto cannabinoid extract, and monolaurin on Antioxidant enzyme activities

(GPx, SOD) and lipid peroxidation marker (MDA) in suckling piglets.

Parameter CTR MPL EPML SEM P-Value
GPx (U/mU) 416.22 407.82 44337 11.91 0.462
SOD (U/ml) 1.90 1.95 2.02 0.03 0.178
MDA (uM) 2.34° 2.33P 5.16° 0.27 <0.001

(a, b, C)

Note: Different superscript letters within the same row indicate significant differences

(P <0.05. SEM refers to the standard error of the mean. CTR: Control group; MPL:
Microencapsulated powder of concentrated medium-chain fatty acids, which contain medium-chain
fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same as MPL but supplemented with
monolaurin; GPX: glutathione peroxidase; MDA: Malondialdehyde; SOD: superoxide dismutase

4.4.5 nadtatunslulasieutalyarensivasugamaiisnanievesgngns lasns
Ia1edunusnainnaesareninaituseu FLIR C5 wundestisnimainusouaiuisain
gumgiis1snevesgnansuiaztIegle lneAusduseuniemauamandeud 0.97
%39 97% Table 4.22 Lagwuinngsd MPLM a@13nsamuatgun)il v3esnwgumnisnanig
1#Andnaudug 910 Table 4.23 aansaasunanisAnymavesnsiasundlulasiounauy
wtuvesnIaluduasnalswavansaiaiyvanogunndsan1evedgnans Fananeaesiil
Uszillunavesnsiasunslulasiounalgiatuvesnsaluduamenaauazansainiyyaluaims
gnansusniia lagilSeuifiguiunguaiuas H1UNIATIVTAUNYTIINTNAYAIULNU VDY
$ume Tagldimadaingangiduriandendas FLIRCS 9aaa1innsounquszeysaud 12
Fluvdsraenauds 21 Yuneungun wuiinelu 12 Falususnvdseasn nuitgumgi
P39 (eye.12hr) wazgauMnTszUUMAALDIMS (digestive system.12hn) waanguilldiunns

o w

1&31 MPL Wag EMPL siindnaumivnuegadidedfgynieada (P<0.0001)
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a |

Tuvaigaum)ilasanvedinaniey (max temperature.12hr) Tunga EMPL anasae

Y Y 9

[

s fdlofisuiu CTR (P <0.0001) agralsfny gaumgiivesy Wila uavarlnndslydl
ANLUANAINaRRTEINgIMRaes e Tanaluta 24 $aluandsrasn wudings MPL
gaunnfiala (heart.24hr) uaza1ia (body.24hr) sniinguatuaued1adveddey (P
<0.0001) mmzqqmmﬁm?{mmﬁmﬁ (average temperature.24hr) Tungy EMPL anasain
CTR gedau (P<0.0001) Turiseny 3 fu wamsingamgiiveay (ear.3D) gumaiindsves
a6 (average temperature.3D) Lazun)ilgeanvada a3 (body.max.3D) dzviouwudliy
nauitlesuansiasy (MPL uay EMPL) dld1gamgisrsnieniniinguaiunuedidifedday
(P<0.05 & P=0.002) N3 ingamyiiagnvessanie (body.min.3D) WU’i’]‘ﬁﬂﬂEiJJ MPL uay
EMPL anas31n CTR (p=0.006) Nan15inluyagey 14 Ju wudtguvgiiy (ear.14D), azlnn
(hip.14D) L.Lazqmmﬁm?i&lﬁuaaéwma (average temperature.14D) lungu EMPL fndn CTR
agaiitfydnAty (P<0.0001 uar P=0.003) Wag dmTurate1e 21 Tu wuluiliugamiiniam
(eye.21D), #1la (heart.21D), waga163 (body.21D) ¥oenqu MPL kag EMPL mz’wm'ma"m
AIUAL (P< 0.0001) aamﬁaqquﬁgaqmLLazﬁwqmaaéwﬁa (body.max.21D, body.min.21D)
faranaslunaud L4 suatsia3a (P<0.0001 uag P=0.014) lngpingumnaiiiad ouesa i
(body.ave.21D) Tungu. Mono-EMCL sinfian (30.56°C) letiigufunga CTR (31.98°C) uas

EMPL (30.59°C) agssitivdfqyn1eana (P<0.0001)

Table 4.22 Thermal parameters, physical data, and emissivity of piglets at different

postnatal ages.

Skin Temperature (°C) Rectal
Piglets Weight Emissivity
Left-Right tape Temperature (°C)
Newborn piglets 35.53 35.05 38.25 1.72 0.97
1-week-old piglets 35.42 35.25 38.15 2.19 0.96
2-week-old piglets 35.22 35.80 37.35 3.72 0.97

3-week-old piglets 35.93 35.75 36.75 5.19 0.96
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Figure 4.8 Piglets fed RO-H,O (CTR) orally 24 hours after birth.

Figure 4.10 Piglets fed EPML orally 24 hours after birth.

< 27.7°C
4:37.7°C
4 31.0°C
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$FLIR

Figure 4.11 Low weight piglets after being fed experimental treatments

(A&B=CTR, C&D=MPL, E&F=EPML).
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Figure 4.12 Changes in body temperature at 14-day piglets

(A&B=CTR, C&D=MPL, E&F=EPML)

Table 4.23 Body temperature table of piglets between 12 hours after birth and 21

days of age, compared to experimental groups.



147

Parameter CTR MPL EPML SEM P-value
12 hr

piglets 256 196 140

eye (°C) 35.48°  36.08° 35.49°  0.056 >0.001
ear (°C) 3415 3452 3652 0515 0.182
heart (°C) 37.06  37.49 3739  0.088 0.082
body (°C) 36.33  36.66 36.43  0.046 0.008
Digestive system (°C) 36.56° . 37.30° 36.79°  0.075 >0.001
hip (°C) 35 5021 .02 3514  0.546 0.162
Max temperature (°C) 3578° | |3573Q° 34.95°  0.078 >0.001
min temperature (°C) 27.22 28.88 26.70 0.391 0.073
Average temperature (°C) 32.70 32.86 30.84 0.674 0.476

24 hr

piglets 156 209 110

eye (°C) 35.8 36.15 3581  0.092 0.165
ear (°Q) 3484 = 36.48 338 f==\0.10 0.201
heart (°C) 37.39° 388 37.69°°  0.047 >0.001
body (°C) 36.36°  37.11° Bakrai 037 >0.001
Digestive system (°C) 0.32 082 0.32 0.737 0.319
hip (°C) 35.54°  3651°  36.07°® 0.081 >0.001
Max temperature (°C) 36.33 35.48 35.72 0.126 0.013
min temperature (°C) 28.16 30.15 27.73 0.539 0.131
Average temperature (°C) 32.60° 3181  3133°  0.075 >0.001

Note: Means in the same row with different superscript letters (* > ) are significantly different (P<0.05). CTR: control

group, MPL: group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract, EPML:

group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract and monolaurin, SEM

= standard error of the mean. Body temperature of piglets was measured using a FLIR C5 thermal imaging camera

0.

Table 4.23 (Continue)

Parameter

CTR

MPL

EPML

SEM

P-value

3 days
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Parameter CTR MPL EPML SEM P-value
piglets 86 179 71

eye (°C) 35.9 35.41 3548  0.118 0.211
ear (°Q) 34.33°  3567° 34.77°  0.119 >0.001
heart (°C) 37.45  37.40 4211 0.900 0.103
body (°C) 36.58°  36.09° 3635  0.054 >0.001
Digestive system (°C) 36.77  37.05 3735  0.116 0.237
hip (°C) 35.91 35.50 36.33  0.143 0.069
Max temperature (°C) 36,487, __-35.63R 36.35%  0.111 0.002
min temperature (°C) rl69° 1 YZrTo™ 28.64°  0.102 0.006
Average temperature (°C) 31.92 31.64 oy \ 'Y 0.067 0.234

14 days

piglets 104 170 60

eye (°C) 88q8  |i85k6 35.49 - 0.068 0.364
ear (°C) 36.0F [35.65% 33.74° 0.196 >0.001
heart (°C) 87.04 | 37,15 346 F==A0.116 0.246
body (°C) 3546 3576 4101 0995 0.116
Digestive system (°C) 36.60  36.74 36.77 ~ 0.060 0.511
hip (°C) B30 g1 RH TS 35.70° ~ 0.055 >0.001
Max temperature (°C) 36.72°  3595° 36.06°  0.060 >0.001
min temperature (°C) 29.30 28.92 28.89 0.084 0.103
Average temperature (°C) 29RO 31 500 0.063 >0.001

Note: Means in the same row with different superscript letters (* > ) are significantly different (P<0.05). CTR: control
group, MPL: group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract, EPML:
group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract and monolaurin, SEM
= standard error of the mean. Body temperature of piglets was measured using a FLIR C5 thermal imaging camera

0.

Table 4.23 (Continue)
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Parameter CTR MPL EPML SEM P-value
21 days

piglets 192 170 95

eye (°C) 34.94°  34.20°  3450° 0076  >0.001
ear (°Q) 34.45 34.06 34.13 0.124 0.346
heart (°C) 35.52° 34.82° 35.76° 0.092 >0.001
body (°C) 34.26°  33.46°  3382a°  0.063 >0.001
Digestive system (°C) 35.10° . 34.55b 35.05a  0.065 >0.001
hip (°C) 34 g, 33 4T 33.68b 0.114 >0.001
Max temperature (°C) 35.54°  34.73b 35.22a  0.049 >0.001
min temperature (°C) 27.77%  25.20b 25.63b  0.101 >0.001
Average temperature (°C) 31.98%  30.59b 30.56b  0.060 >0.001

Note: Means in the same row with different superscript letters (* > ) are significantly different (P<0.05). CTR: control
group, MPL: group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract, EPML:

group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract and monolaurin, SEM
= standard error of the mean. Body temperature of piglets was measured using a FLIR C5 thermal imaging camera

Q.

4.4.6 naduadunslulasiounalya MPL waz MPLM lugndnsy199 auy
wWisuisugngnslungu CTR daanunainuatevaslszynsaaunidlussuumaiiu

JiAs1ERAUN WYY DNA 389yaqnsii e ainnisaiovainnins Tuduil 18-21
naanaaen lneiualignansinsudaduaisiasy MPL waz MPLM lagiUSeuiieungu
muAN CTR 9NTayan1siATIentayanistilansauna (bioinformatics analysis pipeline)
165 rRNA amplicon sequencing MMuAIBILATITAIATIATI LAZANNAINUAIBYBIUTEYINT
9AUN3¢ (microbial community structure and diversity analysis) aglaanuwagveslsyyins
UMY 2 vlia 1) ANUnaINvaevesdatii (Alpha diversity) lfaiasgianumainaleng
Fanmaslu wae 2) AnunaInviateveuus (Beta diversity) [SaszsiiiiaiuTouiiau
AUARIUAT NI DUANGA1NTDIRIAUTENBUUTEYINTRAUNT I TeNTNGUAI8E19 Laznay
npass wazn1sviuednen1ndamiing (Taxonomic classification and functional) wag
) mmw‘mqaﬁﬁLﬁ'amaauamuﬁgm (statistical analysis for hypothesis testing)

test/ANOVA, LEfSe, metagenomeSeq) A la1aU
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1

Han1sSeufisuatAunaInaten1slungy (alpha diversity) veyinangiug

9

aunsdlunsazngunaast (CTR, MPL uaz MPLM) lia1nnsiiudiiegeainninsvesgnans
ongwade 18-21 Ju wuuiu 3 ngunaass nguay 16 Mgy TN 48 e lnausiaz
nquneapdUIunlnusnaaendu 4 szau laun < 0.99 an. (WT1), 1.00-1.20 nn.

(WT2), 1.21-1.41 nn. (WT3) wag > 1.42 nn. (WT4) 910 Table 4.24 wuinAade Chaol @9

TUsfiuduIuvlnRusnaun wagduiurdanugnnuase (observed features) luusag

9

nqueglurefilndiAsadiu Tnee1 Chaol 8g5:1I19 460.41-490.96 UALAN observed

features 8E5e134 450.50-478.56 NITIATILNNNATALUNUANULANANTENINNGY (P=
0.84 war P=0.86 Mua1Av) M inAneudluug (dominance) Fauanifiadndiunsounum
dAgyrasudarylaiusluseuuiing wuiAilegluyagn (0.04-0.05) lunnngu wagliny

1 a a

ANUANGNLTIARR (P=0.49) azviouliiuinguyudunseifivdalaflaswmumiloniviie

o o o o 1

auegrliledidny dmsunanuainlaueveInIsnIzAevlagiug (Pielou_e) nulllAmgaiay

o

IndAsaiulunnngu (0.67-0.69) agvieutienisnszatefmnaunasenanssiaiugluisasngy

q

Tnelidanuunnmniseg il ded1agyn19adf (P=0.46) A vl Shannon (5.87-6.12) way

a 6

Simpson (0.95-0.96) kaAsHesEAUAINNAINTAELALALAATDIYNBUIAUNTENasluynngy

Aad hazluananaTunIean® (P=0.63 way P=0.49)

a

310 Figure 4.13 HduanansiSeuiiguamelinnnuvainnaleydunigdan (alpha

G

diversity indices) lungugnansnlasuansemssineia lawn CTR (Aauas), MPL (Bifadumns
Lulasiounalgagnsiiugiu) wag MPLM Bdatu MPL wasululuasiw) lngluusay Figure
4.13A-F W3guiiguaautudaze i Tan1unainnaigaaunsgdanndieg1eyag ngnsvas
Aaen 21 Ju lagynAIdelinaninIsilasznaIndiog1auagnansiiasunisteudmansi
LANEINY aUsliuNaNsENUABlATIAsIYUTURaUV T lualdnud gy MPL wag MPLM
1 a a a6 J £ 1 | <@ 4 1 v a U 1
duasuanunainvatevesadunidludld uinndingu CTR dndeslunnedvil usld
LANENIN19EDRA (P>0.05) ngd MPLM Juuildufgalun1siiayisdnuiu wagaNuaunaves

a 6

g (dominance) LaZLNNAIIUNAINNAYVDIVUA

a

aun3d lnganmnulaaauvaLeduns

maﬁui (observed features Figure 4.13F, chaol Figure 4.13A)
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Figure 4.13 Boxplot comparison of alpha diversity indices in fecal microbiome of
suckling pigs under different dietary treatments. (CTR, MPL, MPLM) (A: chaol, B:

dominance, C: Simpson, D: Shannon, E: pielou_e (evenness), F: observed_features)
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11971501970 chaol wansduuvtingdunidnmuniilogngnstniu MPLM da

q

TiflA1auvainvanegeningudue dniey Figure 4.13E lnadwdldinvisauyiln waz

ANUALNENDYDIRAUNTES vnA1lnd 1 ulanadngedvainviare MPL, MPLM gend1 CTR
dntiey faluauaunavesgurLAunsgnaTwlelasuasasununIsnaesfina iy
nsnsiaaeullesruaig Shannon lu Figure 4.13D Td¥aaumainviangadunsd Fanuin

MPL, MPLM Ejjflﬂ’ll’] CTR 1@ni o8 LLEIWQﬂ??ﬂ%ﬂ?ﬂﬂﬁ’]ﬁﬂ?ﬂﬁﬂﬁﬂiﬁﬂLLﬂ%ﬁﬂJﬂqasU’eNﬂ’Nll

£%
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NANNAEUTEVINTIAUNIIFW
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Table 4.24 Alpha diversity indicates fecal microbiome in suckling pigs according to

dietary treatment group.

Alpha diversity CTR MPL MPLM SEM P-Value
Chaol 460.41 490.96 475.40 20.77 0.84
Dominance 0.05 0.04 0.04 0.00 0.49
Observed features 450.50 478.56 466.38 20.52 0.86
Pielou e 0.67 0.69 0.69 0.01 0.46
Shannon 587 6.12 6.09 o4 0.63
Simpson 0.95 0.96 0.96 0.00 0.49

Note: Means in the same row with different superscript letters (* ) are significantly different (P<0.05). CTR: control
group, MPL: group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract, EPML:
group receiving medium-chain fatty acid microencapsulated powder mixed with hemp extract and monolaurin,

SEM = standard error of the mean.

L BNATAUININTIUAULNUAITNAG DS NUIFeg e luAazNg uNAael A

wUsusiunelunguAsutiegs lngAnadevesnnumainvaleadunie (alpha diversity) Tuud

a1 [y

agfegnazwiasngulmnusnaaandalndidesiu nan1sinseitliiuinedsiaiy

1Y

wanvangfInandbiuansaiued1elitedAynisaifseninanguneaes (CTR, MPL way
MPLM) deyasananinansinansieuildifuiiadonnass liiasdugns MPL 3o MPLM 1sl
TnanTenuLTay (destructive effect) AalaseasiessuuilinAydunsdlausiu wazldvinla
sedvAuvatnnatsadunidludldanas Jetuidudnvuzdrdyuosaaasulavuzd
wngaudwiunsAnulusedul uenand ulfgesiidninfululuaeiu (MPLM) anqluld

danasoauaInaefaUs U iaLuATSlagsI LRaNwMrHanTEN ULy
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n13Usuasudndiuvesdunidyiamig q luszuuninnia (shifting the composition)
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5817119807 (inter-individual variation) 1w anuansalunsidesgnuedusans Usunauag
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Figure 4.14 Rarefaction curves (A) and species accumulation Boxplot (B) displaying

sequencing depth saturation and microbial diversity in fecal samples of suckling pigs

under different dietary treatments

970 Figure 4.14A Fauaninsmliduvasnnunainvaleqaunsd (alpha diversity) 9
waenAIGYl Shannon Wieuiudwiuaduiugnssu (sequencing depth) TaeusiazfIoe

wud1 Anuduresnsmludiausuduaaza1dvil Shannon WY uag195AL5 L9 Us Y
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Far1 nTUNIMAZII1GNB NI (saturation) FeA1AIUVAINUAIEAINLITIUIUE IR UL
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Figure 4.15 Rarefaction curves illustrating relative abundance and sequencing depth
saturation of bacterial communities in fecal samples of suckling pigs under different

dietary treatments



156

MW24

WS “‘
LMW32 LAY
M W33

W3

Figure 4.16 Phylogenetic tree and relative abundance of bacterial phylum in fecal

microbiome of suckling pigs under different dietary treatments
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Figure 4.17 Phylogenetic tree and relative abundance of bacterial phylum in fecal
microbiome of suckling pigs across dietary treatment groups
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Figure 4.18 Beta diversity heatmap displaying pairwise phylogenetic community
dissimilarity ‘among fecal microbiome of suckling piglets under different dietary

treatments
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Figure 4.19 Relative abundance of fecal bacterial phylum in suckling pigs under different

treatments (A) and treatment groups (B) in suckling pigs
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Figure 4.20 Relative abundance of fecal bacterial family in suckling pigs under

different treatments (A) and treatment groups (B) in suckling pigs
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anasegrailifudfaflu MPLM (1.78%, P<0.05) d1u Enterobacteriaceae desaufutorelsn
Tumafiue v 19y E. col) anaundelies 1.34% lu MPLM 1iisufiu CTR i 5.88%
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\Wuny Streptococcaceae WULﬁ'u%ﬂumaﬂdumaauwiiﬂ,iﬁmmLmﬂ&i'mwiumqaﬁﬁ (P>
0.05) RaunIsngudu q Anusnnldlfiasuulasesredionsadfiszninongy Sanamani
fuduingnaisiuemsfonsaluiumenanssuiuaseengydsssund (agianz MPLM
luluaeiu) Junumdidgylunisusuauna microbiota d a3 uyUsev1nIAUNT A
sfedufanyssrnadenelse Iisslemideauninuastedestulsaluszuumaiiu
pINTIBsNanILInin saisatuayunnanslianaiuilunfniogunindn ifiduas

anANULAIR1ULIA.L

Table 4.25 Percentage relative abundance of fecal bacterial families across dietary

treatment groups in suckling pigs.

Parameter CTR MPL MPLM SEM P-Value

Beneficial microbial groups

Lactobacillaceae 15.86 18.07 20.88 2.54 0.734
Prevotellaceae 4.99 1.47 8.70 15§ 0.179
Bacteroidaceae 9.36 5.33 4.92 1.62 0.480
Lachnospiraceae 12.43 i 3% 11.84 1.28 0.161
Oscillospiraceae 9.48 12.65 9.66 1.15 0.460
hristensenellaceae o239 7.40 A 1.17 0.642

Pathogenic microorganisms

Fusobacteriaceae 4.49 0.54 3.33 0.94 0.215
Clostridiaceae 7.58° 3.86% 1.78¢ 0.86 0.015
Enterobacteriaceae 5.88 1.67 1.34 0.90 0.067
Streptococcaceae 0.43 2.61 0.71 0.56 0.233
Others 23.19 29.05 27.78 1.83 0.400

Note: Different superscript letters (> )

within the same row indicate significant differences (P < 0.05). SEM refers to
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin
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Figure 4.21 Relative abundance of fecal bacterial genus in suckling pigs under different

treatments (A) and treatment groups (B) in suckling pigs
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Table 4.26 Percentage the relative abundance of genus bacterial across treatment

groups in suckling pigs.

Parameter CTR MPL MPLM SEM P-Value

Beneficial microbial groups

Lactobacillus 5.55 6.25 7.90 1.167 0.709
Bacteroides 5.24 6.67 7.15 1.303 0.831
Prevotella 0.88 6.45 7.04 1.243 0.081
Ruminococcus 1.58 1.61 3.24 0.569 0.404
Blautia 0.81 0.88 iy, 0.190 0.403
Roseburia 1.74 2.67 2.88 0.409 0.063

Pathogenic microorganisms

Escherichia-Shigella 4.6 3.08 1.96 0.824 0.415
Clostridium sensu_ stricto 5.92% 5.87° 1.46° 0.861 0.049
Fusobacterium 0.2 9.21] 1.50 1.383 0.069
Streptococcus 2.4 0.58 0.34 0.426 0.187

Note: Different superscript letters (* ®) within the same row indicate significant differences (P < 0.05). SEM refers to
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin
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Figure 4.22 Taxonomic abundance cluster heatmap of bacterial genus based on

relative abundance in fecal microbiome of suckling pigs under different treatments
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Figure 4.23 Taxonomic heatmap showing relative abundance of bacterial genus in

fecal samples from suckling pigs across treatments
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Figure 4.25 Ternary plots comparing key bacterial family based on relative

abundance in fecal microbiome of suckling pigs under different dietary treatments
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Figure 4.26 Ternary plots comparing key bacterial genus based on relative abundance
in fecal microbiome of suckling pigs under different dietary treatments
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Figure 4.27 Pairwise group comparisons of phylogenetic distances in fecal microbiome
of suckling piglets under different treatments using unifrac metric. (A: weighted unifrac

distance; B: unweighted unifrac distance)
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Figure 4.28 Principal coordinate analysis (PCoA) of fecal microbial communities based
on weighted uniFrac distance (A) and unweighted uniFrac distance (B) among suckling

piglets under different dietary treatments
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Figure 4.29 UPGMA cluster tree based on weishted unifrac distance depicting
phylogenetic relationships and microbial community similarity among fecal samples

of suckling piglets under different dietary treatments
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Figure 4.30 UPGMA cluster tree based on unweighted unifrac distance depicting
phylogenetic relationships and microbial community dissimilarity among fecal samples

of suckling piglets under different treatments
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Table 4.27 ANOSIM Test results showing R- values and statistical significance (P-

values) for pairwise comparisons of fecal microbial communities across dietary
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treatment groups.

Group R-Value? P-Value?
CTR-MPL 0.01956 0.238
CTR-MPLM 0.04162 0.134
MPL-MPLM 0.17899 0.003

Note '/R-value indicates the size of the effect or the degree of difference between groups. % pvalue indicates the
statistical reliability of the obtained value, how unlikely it is to occur by chance. For gut microbiota analysis, such
as ANOSIM or PERMANOVA, R-value is used to assess the effect size and P-value to determine the reliability of the

result.

Table 4.28 Mult response permutation procedure (MRPP) results showing within-group
agreement (A-values) and statistical significance (P-values) for pairwise comparisons of

fecal microbial communities across treatment groups.

Group A-Values” observed delta expected delta P-values?
CTR-MPL 0.003 0.786 0.788 0.215
CTR-MPLM 0.007 0.789 0.795 0.070
MPL-MPLM 0.023 0.781 0.780 0.004

Note * A-values are an index showing the “degree of within-group similarity” or within-group agreement of how
similar samples in the same group have microbial structures (high A = the groups are very similar, low A or close to
0 = the groups have high diversity within the group). - Significance (P-values) are “statistical significance” that tells

whether the analyzed results occurred by chance or not (P<0.05).
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Figure 4.31 Phylum-level comparison of fecal microbial abundance beTween control

(CTR) and MPL groups by T-test.
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Figure 4.32 Phylum level comparison of fecal microbial abundance between MPL

and MPLM groups by T-test.
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Figure 4.33 Genus level comparison of fecal microbial abundance between control

(CTR) and MPLM groups by T-test.
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Figure 4.34 Microbial function prediction based on COG (clusters of orthologous

groups) comparing CTR vs MPL (A), CTR vs MPLM (B), and MPL vs MPLM (C)
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Figure 4.35 Microbial function prediction based on EC (enzymes commission

numbers) comparing CTR vs MPL (A), CTR vs MPLM (B), MPL vs MPLM (C)
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Figure 4.36 Microbial Function Prediction Based on KO (KEGG Orthology) Comparing
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Figure 4.37 Microbial function prediction based on KEGG Pathways comparing CTR vs
MPL (A), CTR vs MPLM (B), MPL vs MPLM (C)
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Figure 4.38 Microbial function prediction based on PFAM markers comparing CTR vs
MPL (A), CTR vs' MPLM (B), MPL vs MPLM (C)
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Figure 4.40 Phylum level microbial community profile based on metagenome

sequencing
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WasuuUatn CBDA Hunszuaunsiaisuendiadu tnenszurunisdagvinliiAanis
Wasuwdasludumaudin-alawedn finsuaniuse C-C wagdanUdesfinsaiueulaeeanled
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dlenFeuiisussdusznoumemgnuaiivaslnruinisveslunagsninyss wud
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lufilusfukagnasuaindt diuesrusenaunangnuaivasdinin auandly Table 4.1
ilukagsndgyeanisaldusslovdannnaivvesduigvalaegiaumuizay wonainil
Moreno et al. (2020) laagunavaansldmvazaeiluieanegeddieiiinyszdnsninng
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Hlus Uszmsitaes Aensldannuiugs 1.5 fs 20 wngthada iunszuaunsfiteonit as
fesdeuuveslapan TwaelifuladninghvvasaionasfistsyAnsnmueanszsuiunish
asuendadulpunistoslassaiuvaduazdmalinisannansesngusaty (Unvashi et al,
2024) eenslsiny Aasnszvininnsldgumgilunszuiunsadadlivanzanoiavily
ansddyussindenannld dudu mamdgumgiuassvszinamnzanisiinuddoy
Aansw3guingAunaudignszuIunisana (Xue et al, 2024) SnvsznudAgyfanisld
MCT oil tdusaviazansadalilawauuiussdainludayss lng MCT WWumineiifianuns
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U3a’ mstituseunsanauiyreon Wy TnonisussyTngAvauulnslugeiwiefiaidie
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o w 1
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2024; Viskovi¢ et al., 2023) agalsinu s1nAyveiiasusenoudiniy Wy dan1anes was
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Ayvadivflansendaiidouiuraumuelsndnuinnit dawalvingnslunsiueyyadases
UsrAvEnngstu aswaidauliieufiiened Insenigtaanssuiunisianvendiadu
(Decarboxylation) vl a3 suiisutulaseasnefiiadivsvessin Komnpointner et al. (2021)
swswililanauundussdlusnfyadiviinasunnyielinuas kilugnsldnuansly
Begnavinssunaznsunmd wagnsliweanesediduihavanslunisainldnadigadmiu

a1slasnesiiueen 1u friedelin wae epifriedelinol TngnuuTunugeantuya 0.205-0.059
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fadnsusienduvenmidnuis Uin et al,, 2020) $1897U35INAYVINHIUNTANBINNA 24
Fluslidndau CBD o epifriedelinol Useunay 1:2 vaugisnsunsnIgasieduTuu
epifriedelinol g4n9135N139INAIEAINTEY WBNAINUTUAUDTIT NTANNUAITIRUNATIAY
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6 1 d’l Y = Y 1 £ %4 A ra 1 o
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¢ v o v S a | 6y .
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. . =~ wa v ] ~ ~ Y v = '
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nAAsEneandiady Anvuinluly iWesmnunuinlunszuaunisduasisiuas 39
aduayuRaItATIEiaIRdsEnauNaINg Al sususynItelukassIn A v wandly
Table 3
= [ a v A I ] o W Ql' a

nsevIumsAAsuandiatune dutunesuddglunisidsuansuauundueely
sUnsndalueangnilinaneiluaiseongns wu CBD way THC Fadlamarlunisldlu
HARSUIESUNGINUAMSUARD LaglanganansNaeenIsnasnuadiansas giulauag
gunm Citti et al. (2018) wuaskANU1 TLegAlLFUND INSEAULEI@IINToATUALULILIUD
83w anauLAsen wasuUssanga e iiquanludndla nswaulnlawauuiduesdiv
lydurIansaleduatgnarsluamstas una 1 ug I i unITATUNG 1Y duasunis
Wigivlanazannizinsgnsandiadulugnans (Cortés et al, 2023) Jadenidnasio

a s a % v S0 v @ T < § a
nsguINNIsAAIsvendatuvedlukagsniywad iiiuunumvesdduudnluUid ufv
(CPKO) Tugugaiviazane ludgseiarusunaarsiuednsiu (TPO) wasAnunInnishiu
auyadasraIndIn Wewnlunszuiunmsaaivengatuinismdavgaiiuenda (-COOH)
ynnsafluednlulu viliiAslnlauauuSuseridunaisazlmeujisen saudsnisiiy

a

Usinamlensendaniufisenas dadiunsiiniiuselalasiaunasdnenindueuyadase

Ly

Ve N SINAYIALATIAT 1WA N U A NNIToUdIUNI AN USZAAD URLNALDYENTIT T9ENIT

Y Y

WagukUaItaglasAIAULEDYSYR9ASIa519AulY (Moreno et al., 2020)

nan1sneasdluassilavinfanssuviwisinafuluduualagdsn1sanwiaLaz un

q o
[

Tavdennowdndnszuiunmansedu Falutuneuddglunsiiulsednsainnsania wa

>
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n1sneaRsllaanndaaiuauAn®I7ed Olmos et al. (2022) N5¥yi1AITLEIsN1TAINLTdlY
Fafinunza wazanvuineuninresingaulimannia 0.5 Tadwns (Selvaraj et al,

2025) nounsanaslgfviarate ufnuidnuingnsiduluiyee 12% fe CPKO 1Uu

S = 9 |

dnsduNnTan FeaenndediuaTuves Carcier et al. (2018) Awurihdnsndiu 10% dmiu

[y

nsanaeenigranetiduuznen Tuduneunisaiainisiianuddyiuisnisussyluiayes

lngidenldgeiniiiotisnseuanianwasdiulsauaznINlun1seiYe Jeaenndoiunanuy

[

9849 (Olmos et al., 2022) N¥lMIuINIsldgeawsaiuysz@ninmnisnszateingau

waznsede dmsutuneunseduingau ludguigninididnssuiunsinisuendiatunie
n1siianuseulusslapaniemmvgil 121°C w21 wad Aeldn1saluauAINAULaY
Qe zay N9l I00AULALIHNIAEHIUNTTH T BN BULTIgTURBUNTEAUBNAIY Ka

9 9

o w

nsAnwnuIdaNNdunuseg il dud Aynean @ (P<0.01) seuinssnsiduluiyusine
CPKO futhanailiianufousenadndnisadin Wnesnsdnlufass 12% se CPKO Ay
You 110°C Wuszoznan 4-6 alus Wiusuaansllauauu dusesuas@nanimlunisdiu
ouyadaszqian Y1agunn v imnzandmsunisadaney sning 110°C A9 120°C uay
szegnaInsuAIseglugas 2 ie 6 Paludludovandeu Tasianzedieds msliausoud
110°C U 6 T2l HaeisenszuIuNIsAasuendiady viliusua aBD saululudyss

WNTUNINNIT 38% ilawigununisivanusaulutian 4 92k A9y nseuIuNsanmaans b

a a

Iauauudueeaidiuseandanlusnuideidusgnounienisidludyvslusnsiaiu 12% Tu

£%
o w

< § a < @ o a ) - a £
fudaludauauiudyhazate lglsuaintunsunsaiieingauiazgadnluselaiaan

'
(%) a

gamall 121°C e 21 wiagldrnudu 011 winzuiada (MPa) WenszAuingiu

q

=2

(%
1 o w a ¥

AouszthingAuidianeuanfousigamai 110°C 1luna 4-6 $2lus Fenszurumsideae
duaSuRanssufinsvendiatiy uagiinsydvsnnnnsasaanseengvsliesnsdivsyansnm
5.1.2 waveasnstaudiatulasnfiwelsiaenarsiauansinlauauuriusea
wazluluasusanisasyiaulauasAmilafining1gngnsszesaauy
HavaIAUtuTuveInsaaesntudiaduluiulasndweliaenans uagsuiuy
Ysuaumsteudmisdindeusedninmnisuanveqnansisniia AEMRECIEATE SHERPEED
Fihiuin audutureansnassnluddaduludulasndielsdasnaraduiadeddai
fvuaUszansnmnsagiavlnvesgnansusniin Weliuanuiduduvesnsnasingin

30% (EML) 10u 40% (EMPL) wiouviufuanslilauauundused wuinfinnsusudgeluvaney

1%
[

FinnulszdndnisnanegeiidsdAgnieain nsieszvesrusznaunsaluduiean

Q_)Q

gns EMPL nsaaesn 41.42 nSusia 100 NSy FauiuTu 22% LﬁaLﬁauﬁuqm EML 75 33.94
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[y

nuste 100 n¥u Maifistuiiaenadesiunavosminsdnugadn uasmsusvaunagd ﬁm U
yaInIaluduananals (MCFAs) wazadvayudnunineas EMPL Tun1sldidanidivdua
ufanssulueuian wu niswauinsisiunssusfuuululasieuuauya uenaind
dutszneulneUszanumesdiatumaiduanidinuunnidundiinisie laoges
EMPL Tsindsanugsiis 788.94 Alauaasise 100 N30 Fagandn EML filndsanu 661.59 Ala
LAREID 100 n¥ueEnann Bnvamuviutuvewdnuiiiinduil Tneriunsfiunsnaes
negsflitnmang Wulssloviagedslunisneuaueinnudeansndanuuazn1saIuaL
pamqiivesgnanslurrsiaminisndsnasnusnisa (Chiengsom et al, 2025; Jackman et
al., 2020; Zhang et al., 2022a)
nsiiunsaaesaludunandTatildfiaududumnndudwasenisiasyiule
vosgnansldAdedu dmdndifistuly 24 alumdseaonvosndy EMPL u1nninegned

Weddsy (013 nn.lungy L-EMPL wag H-EMPL) tiguiiugmns EML (0.09-0.11 nn.) uagng

AuANlAsUgnansgsa (0.09 Na., P=0.001) NHw1UAINNTARDINGNAATUIAENTUYE

Y

%

nszuadenr ududonysravnesva wazgnininatyeg19TImsaluiu Salindanuiui

D

a v %

dmsunNTEuIuNITAIATY LU MTAIUANEANT N1simulTadalld wasniiauiy

q

(Chiengsorn et al,, 2025; Zhang et al., 2022) won9nil Tnssareuenilfidnyesnsnassnd
rsdugalnuuuniwlesannsimdenelsn niemisussuiisenissniay vl
Tlnvurvede1ng LLasﬂﬁzﬁwﬁmwmaﬁwmmLmuaﬁﬁﬂumﬁﬁqﬂqﬂiﬁwé’w%’uﬁmfﬁ
UsyAvEnngstiu nan1snundduduunuimuosdiiadu MCT Afansaaeinidunagnsnisliy
WU veIgngnIvaInaen lndlaeg 19iUTEANsA N NIBUAUUAYUAVAINTTUUNIBAY

Y

gnsuazilAuiu (Jackman et al. 2022; Wang et al. 2024)

9

MsuiUsEAns A s yRulalagnastouasiasy sUuuuReafunslien
dmstnusiansiaiumandudssdinmndudurensnaniniigatuain 30 1Ju 40 % ang
wasudesdiansadaayulng wuasatalulauauunduoes lneutmadeuszAnsniwnis
Widiuln uandinlomasendinuesgnans vimsfinwguuuy wioUTinanisteusensad
WaNgaN TNNTIAABIATINUT gns EMPL uay sefunistiougeions H-EMPL Tkadny

°

@EJ’N“(ML%UL&JE]WIEJUﬂUi fusin L-EMPL LLa“ammlummuaam‘[ﬂuamu (EML) IﬂEJEN‘W‘U@ﬂ'J’]

anunsoaaasunsleFuamaedldiiugy (colostrum intake) mmmzammqmm 334.63 ua.
AOf FauINNIINFUAIVAN NIoNquitldeufTiue (287.69 ua.siada) wasngy L-EML
(310.51 Wa.6967; P=0.003) NMSLALTULLANIDINITLASUAS19INITIASUAI DI MU IAUDEN

a

fusgansnam dhumsiiandenuligngnsidmdnug uagnsedusulivedaTulviuigns
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NAnUINNINTY gnAagldsuuniimdes wastnuuinunty dedawadaanisaisleu

LY 1 ! a

afiRuAuIInudundan anvenstasuuniviswiudulugiwsndiedaaiudnsinig
WwiyAulneg1eriailewasndinIaInoung 1l ngudtady H-EMPL dieduasudnsinig
WwigAulaede Tuiun 14 7 170.98 nSusiaiu WewWlsudunqualuAun 120.97 nsuseu
(P=0.010) wiouriulifananidnsinisnetosiignlutisnounguun 19.69% Lewieuiungu
H-EMPL (22.65%) Lagna u CON (29.44%; P=0.016) Nan13An¥1d a1u150Y 1805 U
ANUEIATYURIIBIAUTENaUERT kavUSuiunsdewdmisuin WeaTeusuiungy
v vao aa = § v a | a a a | =
muANnlasueU)Tue Falinalsuindeyseaniamnisndnvedgnanslugisusnaaends
< 1 A = 1 A a &
Ut eilanneilseune kasaUldewenIsngnIen1sinenaln
UszAnBamnastesiuiifngauesnislinsnassnagsmunzanil wansliiu
o [ [ E% a 1 N o v =
FaulssAugnIINIInNeNeINieads Tunqu H-EMPL ignsanasmeaineinisviends
Weeiilen 3.17% gudungualunuiazngy L-EML 18n51N13an8gendnge 8% (P<0.05) 13
andnsINsmelazneuiinalnuainnassnniianinie As N15YNAIELEBYUT00E19M5I7A
wagnsiasuaianuanyaivendeudld Fanuiuuditisudlvamamanvenisnielugn
a = a s [ [ v a a £ v
ansusnifin uenainil ashillasauuidueganannanluiyedsldnalnaiug nidunis
gniaukaznIsUTvauaanildudunIunIudunisisuioulavauuituses Ml
Usz@nSninnissnyinan nanmsdnerdliiiuinfinagnsueinisusubiaunandiadud
mmmmuﬂﬁmaaiﬂmwu (40% Liguriu 30%) fugufiug Feazdumadonlniiiany
mmzaﬂumsmLmumﬂﬂamﬂgmuzLLUUmﬂuizwmimamqmmwu (Chiengsorn et al.
2025; Kongkeaw et al. 2025; Pearodwong and Tummaruk 2022; Zhang et al. 2022)

[
%

N153LATIENUTLENT MINLAEAITIANINATAINIUNITNAABINA 2.1 1019

o

afungnalnatuayunIIUnIEITIne I nagwulug ngnsilasuiasuddadu MCT /iu

iﬂLLUUEJlIaGUU ﬂﬁll H-EMPL iuwaawsmwuamﬂmmmm e e ENW‘UEJﬂ'J’]@ﬂﬂﬂilIEJG]i"Iﬂ’ﬁ

9

mam‘mqﬁm 19.69% L%ﬁUﬂUﬂquﬂaUﬂumﬂgﬁmuzm 29.44% waynas EMPL Ui

22.65% LAgLNgIa9n UM InNIalaRinInen %ﬂ%lﬁt,ﬁuﬁqmiu%’uﬂsqﬂmmwmauﬁmLﬁaml,m

a

wazmsUsvannagiduiuegeivoddymdannldsudsiady MCT Afiuansinlauauud

v
A aaee

Uya ‘W‘U’h@#ﬂiﬁlﬁ@LaaﬂLLGNLLZ‘W]\Tﬁflﬂ’ﬂmﬁ’mﬁiﬂiuﬂ’li‘ﬂuﬁlﬂaﬁ)ﬂ%L"U‘LJ‘VIWU‘LJ A28A1 RDW ‘VI

asvulungu EMPL msiindudusitiafanssunisadadaidonuns uaznisnevauesedly

STANNAUU azﬁauamuﬂmmmsﬁﬁéﬁuaamamﬂUﬂivaw%mwrmw%ﬁuLﬁuimﬁﬂ'mm

Y

]

QJ o

g9UU A1 MCV QQQEJI’N UYHA Iuaﬂﬁﬂiﬂall EMPL LLﬁG’]\‘iﬂQﬂ’]iNﬁ@LMﬂLﬁ@ﬂLL@\TL‘W&I@J’]ﬂSU‘Ll
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wazauysaiundu Jadudnvazvenalawuudeidoud ognigadusisnanldogiall

UseAnsnmunnau (Cui et al,, 2022; Knap et al., 2023)

[y

dmsunsusuaunaniAuiuwazgnsaiunssnay Madanaiuisausuenta

FALAuTian Aon15anaseg1911nT89% eosinophil Tunguanansilasunisleuddatu EMPL

nsanasduianansaannisnsesunssnauls eatuayugsiunsdnauredansinile
LAUUIDUBYA TINLAAYUNIUAITULDULALAUUIDUDER TIAUNUSIALMTINUNITHNUAIY

FAUNIUADNISARLYBLA WarandnsIN1siAnvads (Salvo et al., 2024) BnTaNISEWLATIEH

Y o = Ay o

Tsfunnedesiugiiduiu Swaduayuisnalnlagnssdmsunislasug dauiunavy Ay

Y

[ (%
=

WintuvedlusausuiludSuiiaRuegeiidedAnlungy EMPL Nsgasngy tnanisiiuaiuiiin

'
=

ANMsuTuvednayiu (Globulin) lunquangnsnlasunisdeu H-EMPL Tuvugfiniy

[y

duduveasayduliwasuulas vsdsnsuiuaunaamzvesdsiuiiisdostuniduiu
wnnnsiasustaaidlulunswnanglusiu (Tothova et al, 2021; Wang et al., 2024)

Jamaunginssuvedanansyasgauy dinnudaymnisdanismgAnssunisdeny
91 NOFNTIMINTAUSNULUIGNT WOANTIUATIUIR UL LaENEANTINN TR TDE
FIN5TUIDUAUY TNANANTENUABNITHNAUIAUNR AINULATEN LLazﬁﬂUgié’mwmimsﬁga
9959 Wazneden Wetngnsdiiadu EMPL Iiasueyiusvensnassn wie ndlwesealy
luagsu vise luluaaiu (monolaurin) (Mono-EMPL wagldwuuununisteulvignans L-EMPL
desnniduluuisuivngasiugnansiidnansnsanaudiiadundaainnsiouvun uazlsl
tu vi¥edidneaninn (3.0-3.50 misielda) Snvisuvuununieudmaaen L-EMPL wui
UsrAvEnmnmsiasaiule wariad induauanladiAeafunuuie H-EMPL uazganiigns
EML uaz nauilésusnufiauy wuhmaesaliluaiutediusannmsseninifiuiuosied
Hod1AYNNEDA LAga1UIT0aNERIINITAEADUNEIULLAGD 14.27% L8uiy 23.63% Waz

29.40% Tunga L-EMPL UagnguAIuANmIuaIfny (P=0.012) WiaueandnsIn1saea N

o = o S a | v a A
NUALYae 7.33% ﬂ’ﬁUﬁUUEQ‘ULﬂﬂ"ﬂ’]ﬂﬂqﬁa@a\ﬁ)ﬁqﬂuﬁﬂﬂ@ﬂﬂ?ﬁ@"lﬂ‘ﬂqﬂa'ﬂﬂﬁlw@QLﬁEJVI

1
U =)

duiugiugnddudenelsavediluasiu saugrssusniauresasimlauaumndues i
szuuieulauauindueed SnfadloUsuiiunginssuvesgnansnuhaunsnanmaudstu ua
msediioudaBadum vionninssunisseasuald vilignansléuuuiivdesnniy
anansfilésu Mono-EMPL fwgfinssunspauuiifissdniamanndy ananuinisdienn
W uagflaziuuuiausavuluntidesasegann (0.56 azuuu Tuiuil 5 vdsanaaen)
ﬂﬂ%ﬁﬂﬂ’]iaﬂmiﬁiaﬁ Lwiwudﬂqﬂqmu@u%’mmLé’humﬁmmﬁu%amaémaL%qawiaé’mﬁmi

melugUuuudug AalunsUAZARIILUEINIINITIANISINOANSNTINITANLAIYAUNRDUY
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n ol (Ghany et al. 2024; Hassan et al. 2024, Tadijan et al. 2022; Wei et al. 2023) 6‘50

o |

donAaBatuNguaNanINiasy Mono-EMPL fidndau eosinophil anas FaUsdiisn1sannisy

nsdniau wazlisvaulnaydu iwntuasiounistasugiiduiu nmsihanunuiuveduluassy

q

wazanshilauauundueed duaSunginssun1snauNNaIual IUanAIUTULITIVBINTSHEY
FududesegeBsdmsuszuunisnanvesisuiliiinensedey wiednleivegnans 39

HANSENUNNINgAnssuilegnslasunisteudladunguil asHeasaunasenIanainnis

' v

A8 aANTTANIAY TuuNAIINNHeY wazannginssusieglaeg1sdniay

Y 2 A

UANYIL haAI LT LA U NI1N15LES UA8D T aTU Mono-EMPL %28 d dwasy

[y

UsgAnSammsiasaiule Qiiauiu Usuussiigiamdaininewasduaiilugnansisniin

q

¥ a v v

aﬂﬁﬂWW‘{jQJJVITWi]aﬂiiﬂJsUﬂﬂfﬂﬂﬁﬂi AAPNIINTITATEY LLﬁ%ﬁ’]@J’]iﬂﬂi%G\‘UﬂﬂJﬂMﬂﬂléf Feaunsn

4 LRARY

annsiannslgenufuugle Wenvingdugnagnsnudaauminusniia aunsaldddatuilly

nauanansnildminusnaaentesauiaimingdiinats vsaldnugnansnilaniisisizuis

a av v o !

WY ATIINUINGNANITV I AUNTIDIEEY BoUND MIBoAUY UANIFLTUATIB Tatunenardgld
Jzsnaligunsnl uagimspudIuNaNTEinNgIeIn fstunisidsuanmeesdladulndunsly

Tastowadgatu deausoazareilad wazaiunsaldunieu anilunadnenisaiuny

a av o

gaungivesddatulvlndidusiuiiuauaians dnvensldunseuszyizanlenanisinean

5.1.3 nsnauakslulasieunaUgansaludiuaenaieasuasanafayys wazly
Tuaasudemalansviwisiuunudasdmsunsidauluanamvnssuasiesudiuiugn
ans dmsuwumeniseaanslilasieuialgansaluiuaonaradudulagldansatinigviay
Tiluassurunssurumsviuvisiuuniules wuusunsAnmilifiowdeuanimyoadiiatuly

maveaen 2 Wegluannznsmfianududuas uazannsoavarsinaufuduanmysaman

L)

ddfadulanudy elinisldeuggnamnssuldegrefiussansnmaziesfnyinuauuives

saa

dfaduanndrunan Usulnsnawelsaninsalusiuaionatwtuty wasuasanabnlawauund

4 a

wees wazluluaeiu nuimsieneianuaiesvesddatulunseuiunmsinlewddadu an
Han1snaaeInudtseunstaludlugi 12,000 rpm Winanisnszatveuninddatuifuazasg

a ' ! & a . . ° oA ) =
ANERiYs U AINISLENTUATH (creaming index) Anduidawfiguiuseu 15,000 rpm @9

AAARBINUNITANYINIINENFIansNszuInIsidauslaludluwesnasiulueavinls

9 Y

gamniiluszuvasiu damalilassadreddaduidonasuazuseninmvesilduvieruanas

(Xiao et al., 2025) Aud1AeINIAIUANANEITaUTAdlduANTanILIAEAUNTY U

[ v A

wessnwgamgdnvangay wedesiunsidvaunaddaduiiinainaiuieuasau oy
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JEAUANNNTUN SRR NAIUNANTAALNUNA1Y (core material) NiTgRUAINTUTY 40% TH
mmmﬁau%maqﬂﬂ’h 50% WIUNISHINTUINNUIAIAIUAIFIABNNTHENTUATU (SACS%)
29011 warA1Aunile (Viscosity) LUuanautfn1af@nd v vsvanfanamuiuniuees
YBUNAIFBNTENA LALLANIEDE198 9l UNTHVDIUBNNAUTELANDTATUE NUIIANUNT AT
o U 4! = = a o L% 7 = v v 1 =}
unumdAdansiisauniinveddaduresianununaiesliniuduty 40% Anuvie
49031 50% egelsinuA1UIuIungnau (precipitation index) wag oiling off index 71a4
Y8INqu 50% UstAnuliadeslussavaisuriuasy ailasvioudisnnnuaiivesdliadund
Fanununaindunsaluiu (Yang et al,, 2020) Fadudadeiidrdyvesnisveunaznis
N92A8FIVIMEAUNNUARNAY D1AAINAABYTLANT NINTUATEUIUNISYIIWAIAIULGN 8 dIU
Uady Total soluble solid (TSS) HUNUINENA YA DAIINAIAIVDITEUUDN ATU WU TSS
SEHU 35% 1HANAILAIFIRBAITLENTUASUANIT 40% AanAa I UTaFLARANILATUTL LAY
aa Y v = I3 | a U o | a | Py
asazangndanudntugalognuauludiunauduaudy A1 TSS Ninlgauasdigasnamy
nilafinewngEsuasvadeTnn wivingeiulundudinansenuranisnszatefiegi
alLauavesaYAIn (Akbari and Nour, 2018) Ussiauilaisadefieaningdus dmsunis

[ [y

W3 UUBNATUTN Lﬁﬁl’]%@ﬂﬂ‘Uﬂ’]iVI’]LL‘M\‘iLL‘U‘UW‘UN@EJWJEI LLagﬁ@ﬁ’JUiuWﬂﬁﬁﬁﬂLLﬂ‘Hﬂﬁ'N o Tdn

9

Y

W8y (core : wall material) Adedna 1:3 Wmmmmamawmmvawa@iummﬂm
ANELATETLAYNNISAIRAY89BTaTY Badnd LT AN THENTUAS LAY ArAuvinegly
SELAUR Imé’mdauﬁaamﬂé’mﬁumsa%ﬁﬁ\la‘m/imqwmaummLmuﬂmﬂim swmuqmﬁaﬂms
wentuuny Tuvusndngau 1:2 fawiaziiFanumniagindt winuniswenduiduiudy 7
o | A ~ S A v ' & A
91adzyiBusoN1SnaeUNvesunlignvievitag1ufiud
N15USLIUTRN haLoRIIAIUTBINIS DL AT NLEDSHANTSANYINISh DN AT I
1005 Tween 80 uay Span 80 Nignsau 80:20 Winadfigalulsznunssnwiauadiosnin
V998N aTULAZAIRITINANN ¢ LU creaming index Wag zeta potential NalldonAdaItUNAN
WeAmEnINugIUAUAEns BT Fanudn Tween 80 L‘t"]umsﬁﬁmmmmmﬁnauﬁw'c;m 278
asilauvieuiiades luvas? Span 80 fAnuauTareULTuYIsEs LA 19ANLT IS
Yos¥lay (Baranauskaite et al., 2021) Anudiulaidsaunaiitisantanian1ssiudiveven
901 o QI = a o U U 3 dg, U 1 1 v 1 = d!
PsukagiiuANuadosvedtatuluseauunlu 19l dadu 50:50 denalrssuulianes 39
W1zl o9aInANaNna HLB gnyvinaty dewaliiin n1553UNq U 50 N1SNIENGY
(agglomeration) wazN1SLEATUAATUIIBTU N1FTATUINBYNIALATAT Zeta potential LTU
dytv o % dd a a

T inddgyngudunansdugiuingrvesdlatuniduseansam fevuineunineglugaun

Tuwesng 79-103 w1luluns LazA1 zeta potential ﬁﬁw@mauqq (-42 9 -57 mV) asda
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Fyuuinsenuadesiiiiaiin wazn1stesiun1ssiudl (Souza et al,, 2011) Waldnm
M199an33eU (Figure 4.6) Yo3an13zdlatunidnsnaanaududuveinsnassn (40% uaz
50%) Nlgansdan Tween 80 wag Span 80 Nwidnzauian (80:20) aswuiteynialudlatu
= V- Y, ~ Y £ Yy o . Y a

fuwalvgduantosuazinssiudiuiniu wennsasiu Kor et al. (2021) loagureainy

[ %

WL TUveIE15eenn NI MlUIAAUAUNANEINTAAIHAR DYUINB YN IALAEAILETETA N
Yo8daty d1udnI1dIU Tween 80 M1899U Usuanfeuaunsalun1s¥ouinfgelu dema
Tildwieudinnueadiosuazounialivwindnisesiogneadnaue d1usnsidiu Span 80 9

:%’ Y = ’é v A a Qy = 1 v ] lél a Y
FRUUALNDUNIAIIUYDUUNLUNNUYU mawa‘[maqmﬂmum‘[,myﬁuuu,azm@msiwm

1%
Y

ua dwalvianuadssanasuasdnume iuRIv3UTEIINTY (Wang et al., 2023) 301l
Snwairiuiaveseymalunwganssmivanadusunsnas dududyanmesnsviesudi
Usgdvsnn uagdinunisnseatedivesansaialilatauuitueunnelusynadiatuetied
Tnseymaiifsuindnuarainanouind uwuluannieAinsnassn 40% wagdasidu
Tween80 9 Span80 Wiy 80:20 Fsaenndasiusd favsilandind Wy vuineynIALa
f1 zeta potential fillmanativsinnndy Masuimesoumauazailiadiaefifiutuly
anefifidnsIdau Span 80 gilu eBuUTBRINITANAIUBINILAREIAMT NN ALAENS
Tl 6?5\1Lﬁuﬂﬁyj%’]ﬁﬁﬂwaﬁf@ﬂ’]?ﬁ,uaﬂB\NimiﬂiLBULLﬁUﬁasLUﬂiSU’mﬂ’]iVﬁLL‘VEf\‘iLLUU‘W"LJEJEJ‘EJ
(spray drying) LLazUazﬁm%mwn15ﬁaﬁu1uw§mﬁm8ﬁ%uqﬂﬁw (Estimé et al., 2024)
HANTENUVBIRMHN TV UUTIUNEEAINN1IAINTEN 220°C Tun1svinuia
wuuniuseslinandnns (yield) figean 89.73% warUszansamwnissiesiu (encapsulation
efficiency) 11n9e 83.40% s‘ﬁqLLamﬁﬂmiﬁwmummﬂizmumﬂiﬁﬁﬂizﬁm‘ﬁquﬂumi%’ﬂm
ansoongws Liluguns lumsasstudn vngamgRdnauly msasmedivilddn oravli

a

ARINTULALHIVTUTEE (Pudziuvelyte et al., 2025) viatla3defisusifgiunisuadya

Y 9
1 [

Futhifusemedafeiulhgamylgeosnisssmeven uidesfuaunatuaiuides
don1saaeiiveslutuuazUSunaanseangw’d (Bagdat et al, 2024; Copado et al., 2021)
dmsuanududuninaein wudiluseau 50% Tiuseansainnisvieviuauayiusunalusiu
filiignvieviumnitluusaniiy aenadestundnmsiiimaiiunrududuveaununanstie
afandaunUgaiiudauss egrdlsfinny nauiislanududunsnasinvesiaguaunansiiszsiv
40% fedailinisdadage 019Ul feamaluvedns Fenvdsmanonisiiuinuiude
anuannsalunsazateiiieszyndldlugnannnssy fasu Pasannefiuangauio 50%
lauric acid n1eldgamail 190-220°C iilosarnlsivianmunmuaznandndia Tnowaainain

FESEM §aguduinouniailadusiananadiane wdusd 3UT19 wagdnvausiuiaida
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microcapsule NUngaMnigsisaisifiFouLazInIuanas vaurgumglisnne liAnR7
nyukazagYIzandy shlidanudssionisgaduinludunndon uaroradsnsidonanin
vaslulasiouunusa (Manglano et al,, 2023) 3nitans¥nwauauifuazifiununumuse
Yaduuinden (Lopez et al., 2024; Vaselabadi et al., 2025) @enndssiudadulunisvnass
ildnadeandevierudunaunsaluiu arsadalilauauudused uazluluassiu Judede
mafiuinwansesngninaznisauaunisUanUdosluszuumaiuevisuesans (Ribeiro
et al, 2022) uona1ndl Msidenlddnsidu Tween 80:Span 80 71 80:20 SunumseAIY

@dysvasdiatunauntsnueley dewalyinealuuinidn NszaNeIA wazannNISARNITWENT

a v |

M30N1351UAIVBIYNA WL TARAARBINUTI891UYBY Wang et al. (2024) Niguduiins

Tas8dadlioasfidan HLB manzautiiuUszansnmnisvedu agslsiniu audu
warAaNTINYen (water activity) Mifiadnos o umgigeuaznnaesnidudugs anauiy
AMUEEBNITNAYNATE100NTLATU LagnITERNANINYBETAIAG AIUAUNUINUY

bulk uag tapped density 71geUuuaza1 compressibility ratio fianadtudaulvgungiias

| e Aa a a A 1 = £ a6 I Y o & 1 PR v o
memmmmaul‘wam Nﬂ’l']llLL‘L!‘L!LLamJIﬂix‘iﬁi’]\‘iwaiJﬂaVEinLLSUQLLSQﬂ’J’] Faduladudrfey

o

dmsunisdanuuazauddlu@magivd dmsugduuunislidudulasouwaddmiunisdeud

) [y

naUngnansazAeasatenn fsunsAnwenmgivenihdmiunisazateluyie 70-80°C

LAz dNTI@IUNWUITENT 111 D9 1:1.25 IiaAnsAugUdlatu (TER) kazn1savaieul

o w 1

(WSPR) g4 @avmnefsnseivaninddatulandddgydeuseavgainnislandaesuazniseos

<

18

a o A

lussuumafive msvesgnans wazliadsldeanglivesdniduaisazaiegendn 90°C ag

Y

deralvin1snduAnanInanas 91w IzN1INefavetlaunin viemsiudsugUssdusenay

Aelumg

[ [
Y av

feunsidedlidenlonumenislémaluladisulasuaugiatuluomsdnd
TngifinifinnsAnuinisrsaninyesansiasy Wy nsnlvduaenans uazansafinandty datu
Tnoiavnzeehsdslundniaridlilugnansidosnsiadundsey uazauamaiduiusiuansd
firnulags Tnefimsuivannzgamniuazamnuitutunsaasinlunssuaunmsmaiuisuuy
wurles (JudadeiiidninaddnsenunmuazUszdnsamvosnslulasieunaya Tagld
Foulvwazanzmisnannslulasiouuayiady angfivanzaudmiunandsadu fo
Anasaleludluees 12,000 rom dadqu core: wall 1:3 TSS Sosay 35 uagnsnansniu
wAuNaNsouay 40-50 SINAIUEAEIUUDY emulsifier 80:20 (Tween 80 : Span 80) Tia213

@ =

iadesvesddatuasaniienisnudey wagaumgiiauseuvndy 190-220°C Minandanslula

aa a a v |y & b v A a
iLQULLﬂ‘UGgaV]Nﬂigaﬂﬁﬂ']w%@ﬂmqqll"lﬂ'lqﬁaﬂag 85 armINUYUNITIBYRY 20 LUBDNWINTUN



199

UsvAnsamnisaaei éf’;aﬂﬁaqmuqﬁmaﬁwﬁm%’umiazmamluimlﬁuLmﬂsgt,a%’u Wy
Hadvvemssethdmsumsazats wuindudedevdnauauignilunsazatouazaundy
ingsvesdiatu Madongumgll 70-80°C Uavdndiu 1:1-1.25 WMHNzauAan1sara1uuaLAY
suilesannaunavemdsnuanudeulunsilinsazanslaglivharofawsivieviuaiseon
qrduazsnulasad1ediaduld aenadasiunanisnaaesvesnIsmeaesd 3.2-3.3 vl
AMAMTINTBINTFUILNIHAR uarnslduatiesnisazanetfievhnmsteudmsunn
anansusnaaen nsdeniagveruuardiaduiliadesiaelineildiedaunsiageey
annsnazatsundte aduanuiuladenisléidundedusiiasuemislugnansld Tne
Wisuisufunuisermld wuindulununesgiuveamaluladlulasueugiadusenish
whnuuasdnae Hedmsddsdansuivanngiamyesaseangrdusassiinuaznisld
uIssigamgiinsaransisnzanayaieinuUs AN A mgEnveINanSamild (Ahmed et

al., 2010; Ren et al., 2020)

5.1.4 wavaansilAsuuUasgamgiisenievasgngnsnasantasunslulasiou
uwaUgtaduiiidrunaunsaluiuaenatsuazansainfigs

QUUUNNBUNTAINNABY FLIR C5 a313ans1aingumgiiainusaunasiiums
¥94519M8gNITTENIN 12 Faluamdsnaen f9 01g 21 Fu (Neungiu) lnenguilésuans
\@3u EPL uay EMPL uansnaanguvqiiodsasiiauoleiudeuiisudunguaiuau iilo
#91304191nHaY Table 4.23 nud1 awnveINIsanaveteugiisanelundunaass 919
Bunaanauantiivesnselviumenasiigrduuazgninlulfidundanuldsnislng iy
nszvIuMstesaaneiduieulumaiiue s MnaaLtAfind1nIssannnAn amnufeu
fiintunnnszUIumsAu NAEI Mstesgadi warnsldasewnsiignaedundsainiu
9113 Teraufsanudouiiseniendniuiuseninnisdesuaziunuedtuvesains lng
UndoraAaidu 30% vosndssuiiuidrdmiudaiuisila (heat increment) denalvnng
avauausaulusiantetesad (Takeuchi et al., 2018) uaﬂmﬂﬁé’q‘sﬁaEJ%’my'mmawé’wmiu
$19m18 anassslunsEuIunIsIUeATulewdanuaTen dunavesansainiyes
Fauszneumelndiiusauazuauinduesd inanisAnviiiudniiteduasiueyyadass
wazann1senLay (Li et al, 2021) sudedenansoszuuluaiouladia Winlssansninnig
szurAmFeuruiImils Fsaenadesiuaiuues Zhang et al. (2022) inuinnsiaiunga

leduangnansgsangaumgiuazdnsinismelavesansluannzeiniaseu wazidognsidng

Y
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AN1ElATEATND1UANIINANINWIAGBULAZNTNTFRdlaudud M IATLNIIENT SWAARIN

woAnIIUNFIANvegnanslunsenifeaiy

5.1.5 wavasddatunslulasieuualgansaluduaenanssauivasaialnla
uauwduees uazluluasiuraAunaINaIeauUNSE lUsEUUMAUAYIMNTVRIRNENST
429U

msfnwdnenmuesiandusilslasuaUgiatunsaluiuamenansiinauasarinl
Towauundussduazluluaesu Wunsimuiuinnssuuinnssuasadundsnusazansadn
Geilsiduiolilugnansusnifadithindngatios Taedatunsldnsalutuasnats (MCFAs)
uazlnsndlwelssmenans (MCT) Bnduuvamsanuiigedunaziinanglisngs munzay
fuszuumaiueImsvesgngnsydsaunlsiauysal nanassn uazeyus 1y ndlwesealy
Tuaaisn (GML) famauifdnuwuadiSouar hiafduilamddaluans mewmunildnau
fuansafalilatauuJuesdaindaw Fsflgnimunssniau duoyyedasy waznsedu
afiduu Teehausuiussuuieulauauundusedvesans Weduasugunmailduasszuy
iy waluladlulasieueugedunuuniudosgmirnnldifiefiuanuaie svesan sdiy
Tindlalastounaugaazatsuildd MHauazmnlumsugpaimnssy nieuiisiasuntesans
pongusMNANNLINGeN M UALNsUanUaoslusruuNIaAueIMg wagildauisanns
faneufiuglugranmnssuansesnediiu wanisuaaesd 4 wuhssduleulesl AST Wiuty
Tungy MPLM Tng AST (Aspartate aminotransferase) {uteulssiAgdosiumsuaniuaey

a

vyjuediluszwinsnsaeriiluleavisinauazngaidle ieas1seenslauedinnuazngmniin
oulvdsdadwuldunludu wala nduie wagln winiafintuvesdn AST o1ausd e
ANUATEAvRIRY usrinTIeialddeglunamininsgiu msUseifiunginssuuazgamnd
FMemenaodunsnsadigsdudulssdnsnmuamdlulasiounalya MPLM lunisidu
asadundanudmiugngns WewSoufisuiumnnassd 2 (2.1 uae 2.2) Fsldgnsdiiadu
s MCT fivfumnududulasusudndiudiensnsnasin wasiasuansadalnlauauutd
upelugULUUYediatuy nui1 EMPL Predaasumaasyivlauaglinasulaiinineiia
Snvanmsasululuaesudhofinussansamnsasaydulaldiguiu nsldnaluladlulag
uavgadudadumaluladtugeiiindnsusifiadosnmgedu [oude uasnevausaniu
deansluidegnanmnssuldinii Ingagd nanisvaassil 4 Tauaenadesiunsmeassi 2
lnglangaunisauasunIsasayiuls nsangUiinisalieads wazmsiesuasiagiauiuly

angng

Y 9
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dfatulasndiwelsdaenasiifinsnasinidudugs Samdvansinlanaundused
wazluluao3u (EMPL tag Mono-EMPL) LAAINALTIUINABNISLOSYLAULA 9RTINITANY LY
szvunfiduiuvesgnansusniinedadiveddny Welssuiiisuiunguauaudlasue
UT7ur 1aganiz Mono-EMPL @13150808951N15A 8N 0Ung1ULmae 14.27% annis
AeFinaneinistiesdenazanusounelugnansimiinglded el vasfindueuaud
§A3InN13018gaf 29.40% uanand EMPL uay Mono-EMPL §stasiaiudszAnsaimnns
WSAule Winansilédugaamandinindudueds 013 nnlu 20 $2laswsn uazngy
Mono-EMPL (dhutinusnaaentien) f8nsinisiasyiiulnedegeani 17238 n¥u/fu Ui

wndnviisdaziuuiilasuinndulungu Mono-EMPL 8811 336.56 wa.deiu dwalvignans

LY

wlausauazlasugiiduduegnuiisane JsaenadosiunisEsuy MCT uazluluao3u a1u1sn

[
A o a o o

Pgann1sanYe Uiuaunagaunid waziatunisasyiiulavesgnansegreiited sy (Goh et

9 9

al,, 2022) Fuani1 MCT anunsaangUfinisalviaade waziisAua1Ens0lunsasLAule
Tugnansvguu (Hu et al., 2025) sdennaedfiun1sAny1ves Wang et al. (2024) 19591y

IluluasSugisiinnisvirnuveseulediusyyadassuaviiagiquiulugnansnfniie
6 [

PEDv Zentek et al. (2011) Tidayadnnmsiasy MCFAs daa5un158aAsIE NG 1 uuLas se Uy

pdAuiulugngns AslunaunnaedasItginTesunTaIunanvesnind asiduluy 3

q

a

UsgANSNIN WagunuImBeInmues MCT tuluassu wagasanalnlanauutussslugn

AN 1UIALNA LABHARDARRDINUNITNNADY TIdDAARBINUNATYUUATANAY NSIANTUTDS

q U 9

lnaydu (Globulin) uaglusiusau (Total protein) lutaengnaninay EMPL uag Mono-

EMPL (1.51--1.76 g/dL vs 0.61 ¢/dL lunaueiuay; P<0.001) uagn1sanvesdladluilaly

[y

n&1 Mono-EMPL (0.25%) #¢viauaen13ann1sen1sentaunisenienazaunagiiauiu

q

HANTSANYIAUNAINTAI8IRUNTTLUTBUUNIUAUDIMNTVDIGNANT WUTINTS
Youndlulasiouuaugaaingns MPLM Fadunsfiianududuvesnsaasinlusiinii 50%

) 1 Y a sala [ a s a
LUUﬁ?MNﬁQJUWNUIWiﬂaL‘d@li@ﬂuﬂ’]umﬁu%@\‘iﬁﬂﬁﬁﬂQIWI@LLﬂ‘Ll“LJTU‘L!’e]EJ@I wazluluaosu lng

'
U a a

THAIMUS DU IEINTUNITVNAILUUN U DY 58119 190-220°C vinnnstaudiatuiingin

nsavanenslulasiouwauga neldanendudulunismeae 3.4 Tdnsdiudiiiung
sneguunil 70-80°C laeSeumsuiundlulasieuuadyaguwuudiatudeiunisazany

T Ao a a & ! ' & M ve o a '
uqLUUQ@?VIVLQJNLWQJI@JIuaaﬁ,JLUua'JUNaN LLagﬂQNﬁUQUﬂNﬂaQﬂ?jﬂﬁ/llﬂﬁllu’] RO y1UN15UN

o Bnnsgngnsaelasudmeasing 3 sULUUITARwllnumiYesEning 28-30°C Jagamaiiil

Y

InaiAgafvgamgduiunudans nasanniseaudimaaensan 3 aglu 8-12 F7lus

9?'1LﬁUﬂWiﬁ%@ﬂ%ﬁ%?ﬂ%??i‘ﬂ@ﬁ@ﬂﬁﬂi Lﬁ@ﬁﬂ“@’]ﬂ’]ﬂm‘lﬁaﬂﬂﬁaﬂSﬂanVl%Eﬁ‘IJi%UUVINLaUENWﬁ
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6

INNTAATIEN alpha diversity Tdiinuunne1ameadil senintanguneass usingy MPLM
wansunltiuifigaluynii¥a Tnefien Shannon diversity a8 6.09 Wisuibuiy 5871
nANAIUAY TaaonAdeaiun1sAnwIve Luo et al. (2022) WUIINSLATHAITOONGNE 9N
sIsURIRaNNTadRETUANNAINaIeveAunIdludldle fedaglinunnuunnsiemig
adflusedy alpha diversity 21a1inanANuLUTUTIUTENI i dniudasdafias (inter-
individual variation) dadudnuazmlulunmsanwlalasiulesvesgnanstisgaua iilesain
Hadueneg 1wy dindnusnaaen Usiauaildsuainuans wazseRunRduTuEudud
uwanenafty wandliiiudmansenudeuiniidifyvefifaiunauvasnsaluiuaenalawarans
oNVsINsTTIT AN AT waslaTE I weRAurITlussUUN A Aue N TYRIgN
ansnoungu Inglanzed19dsgns MPLM Afimsiaululuasiudsuansuszansnmilan
Wwufign n37inga MPLM did1 Shannon diversity gendiuansiisnnsiiussansqdunidindl
ANANAAEVaINVAIE1IN T FuTuiad Taddyvesguamdildin ddTn Chaol uas
Observed features ﬁqaéﬁyuiuﬂa;m MPL (490.96 uay 478.56 ualnu) Wag MPLM (475.40

o lﬂ' Ll = U

LAY 466.38 AI1UAI9U) Luamismmsmﬂma'mmmm (460.41 hag 450.50 AIUaINU) me

v = a a ¢ ala

mitwmummmmmumaw F6AnTanuld Feagieuissruudnagaunidaiauynyy

9
v

wazkadesinau anunsauteseiuiidoule s

1. arundsud aulesszniang Beta Diversity uwagdnsnavasluluassy 310013
w129t beta diversity Weliiiunmiidniaud dWuioaturaresmsiadaanssneg Tnenuin
nayu MPLM ﬁmmumsmmma'uﬁuq a8l WBAIAYNI9EDR (ANOSIM, R = 0.179, P =
0.003) 1l 8LUS BULTBUTU MPL (A = 0.023, P =0.008) nad Susulas1 Tuluassuidu
psAUsznavdd i Julad sunisldounyaslassainsusseinsqdunid deaenadeariy
n15AnwWI94 Subroto and Indiarto. (2020) fiuandlitiufenysnsiugdunidnelsauuy
nznzaswedlaluaniu 8nan1531A3129% weishted ua unweighted unifrac distance
weliiiuindvnsnandnuesnsidsuulamnuvainvanegdunidluszuumaiuemsie
drunanluluasiy Fanuinnisdsuulandeuiun WAZAINRALANY TR (quantitative and
abundance-based shift) %a%éumsmm’nmnﬂ EJuLLUmL“ZNﬂmﬂ’]W auat3nsnaesn
wazlluasuvihausiiumsuivaunaUszvnsaursdaiieg fumnninnsidnvdeifiuvie
Tl

2. mitJ'%’uLU?{smIﬂita%’Nqauw%'zﬁuizuumtLﬁummi PNUANITIATIZH LY

52U phylum wandlifiudanaasuntasisihfoddnmadangsais Taengu MPLM Lans

N1V UYDY Firmicutes Nganian (63%) W3aunUNI5ANAIYBY Proteobacteria ag14dl
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(%
N a

tfuddy (wde 4%) WewTeuileuiunguaiuau (8%) Madsuulasilianuddnyeesds
1109970 Firmicutes Usgnausnoadunisiiiusglomivarsuila 5auda lactic acid bacteria
Lazdafinan short-chain fatty acids (SCFA) luwaisdt Proteobacteria sinifedesiuidene
Tsauazanedniauludildsng (Luo et al, 2022) wag luvaizdl Firmicutes gagn (75%) lu
A MPL usiéfansil Proteobacteria Tusgdufigendn MPLM (6% wieuiy 4%) wansliiiuin
msinmsUulanununanala il 50% wagluluaeTurieiaduuszdnsniw
voansalvifuaenanslunismundenelsn fadenndaafunisfinuves Kwon et al. (2025)
fimudn MCFA ansaans1uiy Escherichia coli uag Campylobacter luga315zvagnsie
d2usn31dIu Firmicutes/Bacteroidetes 41 1Ua suudasiulung unnassdsazvioudanis
Ufuugsannavesssuuinaadunid deilaraii sadestuguninuazszaniainnis
3aAulavesdns MasnwIsERy Bacteroidetes TuuStnaimszan (19% Tungy MPLM)
FansdrAnysianisgaudeoloe1visuarnsudn SCFA (Tan et al, 2020) fisefu Family wae
Genus N138Aa4v04 Clostridiaceae lungu MPLM agnafltudAgy (390 7.58% naumivAy
Wiae 1.78% Iuﬂa;m MPLM, P<0.05) msmﬁauLLUaaﬁfﬁﬂawuﬁwﬁ’@Lﬁaaﬂﬁﬂ Clostridiaceae
Huetheds FaReadestuidonalsa wu Clostridium perfringens wag Clostridium difficile
FaanseviliiAalsaviends uaynisdniavludldle (Patilet at, 2020) wilumanduiu
nsfiuTuves Lactobacillaceae Tungu MPLM (20.88%) Lﬁ'am%mﬁauﬁ’undmmmu
(15.86%) UAAITMMTIETUUTEYINTAUNTEATTUsElond Ganudn Lactobacillaceae LHung
QAuv3dinannIauandnias wuadisledu (bacteriocin) Wsivvunadniiairsanuuaiiise
Wiegdedudimaasyiulnvewunfidortolsa Aanssusinandiueniinmsiauvesta
Tuapiudwmnsinnzasiudenelsanintu usstildnisduaiuguamuosdild uazdoyuts

a1ld (intestinal barrier) waznsusudsnseeuaznntulavuzlaiiniy (Qi et al., 2021)

dIUN138Aa3U84 Enterobacteriaceae lungu MPLM (1.34%) ilaiUSauifiguiunguaiuay

[ '
v v o

(5.88%) Sadudnuilwindaiiddey Wewnidegaunislunszgaiusznoudedadelsn
@A ydITugnansvIm AUy Usenausdg E. coli (419 ETEC uagEPEC), Klebsiella
pneumoniae, Salmonella spp., Yersinia enterocolitica, Wa ¢ Citrobacter freundi a9
avsmanvaslsavisadenamenuy (Luo et al., 2022)

3. Mgty warwudldun1snsduasuseuugoueImseIgnans
1 999100157 1A518% functional prediction W14 COG, KEGG Orthology, hag KEGG

Pathways telitiunmsInveInsudsusuamianisvinnueesgdunigiidunaainns

LASUE136199 Taganizngy MPLM wanen1siiudiuues COG categories 7tAg3vasfiu 3.1)
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MInARLaENTURBULUaINEY (energy production and conversion) miLﬁ‘wﬁumaﬂmi
yhadlunnedasioufisanuannsofiftureaunislunisldusleninnaiseims 3
40nAAITUNISANYIVDY (Kwon et al,, 2025) Ainudnn1siasy MCFA faeufinpanuanunsely
mi&iaaLLaz@m%umsmmimﬂﬁu 3.2) nalnn1stfosriu (defense viechanisms) N1sLisdy
suaqnwsﬁwawuiuuuamﬁiumduﬁﬁa%ﬁqmiLa'%mmmLL%&LLiwaﬁzwqﬁﬁuﬁu LAZNIAUNIY

AoLenealsn Fedenndednungu MPLM wag mono-EMPL Fsl@sululuaaiu (Subroto and

(3 L% 3

Indiarto. 2020) 3.3) MsFLATIEINTLYadLazIE e wad NMsWisuwUasiunguil MPLM

¥ = [ a A A o A o a 1A v ¢ 2 &
@qﬂﬁgﬂauaﬂﬂqiﬂiUmﬁﬂ@QﬂaumiﬂUW@?UN@ﬂUNaﬂiSWUﬂaihﬂuaaiu@aLﬂaﬂlﬂ%ﬁa‘Wﬂﬂu

a

nalnuanvesgnsAuIAun3d (Subroto and Indiarto. 2020)
4. n153LAS1¥9 KEGG pathways twg Tt un1siiud uvesnalnn1svinaudn
Wouleedu 1 4.1) msduasuuszvinsnisnsaloduaisduinifinannisudngesle

UszmnIgauvsglussuumaivesunniiganevsdnasanalninimdn g &9 lnelldl

¥ U a

ANUEAYAoNITYunTULEauabE N1SAIUSNIEY KaYNITAIVANNITLARIDBNVRITUN

U U

AYIUDINNIEUTINITONIEY uaznITEAUNNANAU (Vasquez et al., 2022) 4.2) NTEUIUNITILY

9 Y 9
(% '

vodduvainsnesdly n1svihuvesnalnnauilasiouiisnisiiinduvedarinaiunsalunisly
Usgloadanlusiu wasnisuasauledeaelnrus F9a1u15alon1d@snnioddea1nn1shasu

919115488519 wavhigneaelun1aAuenis 4.3) Immune system pathways Wu31n13

Y o

wTuasenalanisyinuifetesivssuugiinuiugenadesiunsusulitavnmlaesiues

angng

Y 9

5. MsIguiguaniazauifsavesafunigaildlungunaassgnans se

Uszansnmveduluaesulun1susuusguammisiiue1ms wuingueuau (CTR) Wungy

1 (3
1A

angnsnilanundeamuinlszrnsgiuvsdvsninnudswisUgymatuaunin Wy dadiugs
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ANUANYIIvRnuneald (intestinal barrier integrity) n1stitusgAulUsAU tight junction
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nuiAteadsiiauddgmnismenoundumesgnansiusasielmififounasentng
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Table A2. Effects of birth weight stratification and oral administration of lauric acid-
based medium-chain triglyceride emulsions and phyto-cannabinoids, with or eithout
monolaurin, on growth performance, colostrum intake, and milk intake in suckling

piglets. (Experiment 2.2)

Mono-
Parameter CON EMPL EMPL SEM  P-Value
Number of piglets (<0.9 kg) 5 14 12
Birth weight (kg) 0.85 0.80 0.79  0.01 0.281
Live born weight (kg) 0Y% 0.89 0.91 0.01 0.493
Colostrum intake (ml./piglet) 24579 25052 28701 693 0.103
Piglet weight at 5 days (kg) 1.53%° 130 '1.59° . 005  0.015
ADG at 5 days (g/day/piglet) 7250  88.43 11375 7.40  0.279
Milk intake at 5 days (ml/piglet) 429.01 43446  558.14 26.63 0.186
Number of piglets (0.91-1.05 kg) 6 16 18
Birth weight (kg) 1.00 0.99 0994 01 0.115
Live born weight (kg) 1.10 1 45 1.11 0.01 0.488
Colostrum intake (ml./piglet) 280.05  328.05 303.02 1192 0.445
Piglet weight at 5 days (kg) 1.41° 158" 180" 006  0.001
ADG at 5 days (g¢/day/piglet) 9583 10040 11166 7.12 0.764
Milk intake at 5 days (ml/piglet) 47238 46587 531.30 20.18 0.424
Number of piglets (1.06-1.20 kg) 13 29 28
Birth weight (kg) 1.13 1.13 1.14  0.01 0.273
Live born weight (kg) 1.21% 1.26° 1.28% 001  0.001
Colostrum intake (ml./piglet) 260.05° 337.16° 360.26° 14.16 0.036
Piglet weight at 5 days (kg) 1.81 1.79 1.83 004 0919
ADG at 5 days (g/day/piglet) 96.15 102.74 12835 6.16 0.196

Milk intake at 5 days (mU/piglet) ~ 479.75b 496.06®° 625.79° 22.59  0.048

(a, b, ¢

Note: Different superscript letters ) within the same row indicate significant differences (P<0.05). SEM, standard
error of the mean; CTR, control group; EMPL, emulsion of medium fatty acids containing 40% lauric acid plus
Phyto cannabinoids (Em MCFA Phyto L40); Mono EMPL, emulsion of medium chain fatty acids containing 40%

lauric acid plus Phyto cannabinoids and monolaurin (Em MCFA Phyto Mono L40).
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Mono-
Parameter CON EMPL EMPL SEM  P-Value
Number of piglets (1.21-1.35 kg) 14 22 23
Birth weight (kg) 1.26" 1.28% 129 001  0.002
Live born weight (kg) 1.40° 1.39° 145" 001  0.002
Colostrum intake (ml./piglet) 339.81 308.21 389.57 17.50 0.103
Piglet weight at 5 days (kg) 1.65 1.85 200 005  0.057
ADG at 5 days (g/day/piglet) 86.79 11330 116.08 7.36  0.351
Milk intake at 5 days (ml/piglet) 460.08 521.84 55059 19.29  0.257
Number of piglets (>1.36 kg) 52 7 66
Birth weight (kg) 1.68" 159° 1628 001  0.002
Live born weight (kg) 180"  1.69° 176" 001  0.003
Colostrum intake (ml./piglet) 341.04°° 31520° 367.04® 639  0.013
Piglet weight at 5 days (kg) 2.10 2.08 218 003  0.123
ADG at 5 days (g/day/piglet) 99.95° © 137.72% 13659" 445  0.002
Milk intake at 5 days (ml/piglet) ~ 490.79" 572.14° 594.32" 1248  0.004
Overall piglet weight
90 118 147
(<0.9 - >1.36 kg)
Birth weight (kg) 1.18 1.16 117 007  0.569
Live born weight (kg) 1.29 1.27 130 0.08 0484
Colostrum intake (ml./piglet) 29335 307.83 33656 10.72 0.064
Piglet weight at 5 days (kg) 1.70° 1.72° 188" 007  0.046
ADG at 5 days (g/day/piglet) 90.24° 108.52° 121.29" 476  0.001
Milk intake at 5 days (mU/piglet)  466.40° 498.07° 572.03" 1519  0.001

a, b, c

Note: Different superscript letters @ < within the same row indicate significant differences (P<0.05). SEM, standard
error of the mean; CTR, control group; EMPL, emulsion of medium fatty acids containing 40% lauric acid plus
Phyto cannabinoids (Em MCFA Phyto L40); Mono EMPL, emulsion of medium chain fatty acids containing 40%

lauric acid plus Phyto cannabinoids and monolaurin (Em MCFA Phyto Mono L40).
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Table A3. Comparative growth performance, colostrum and milk intake of piglets with
microencapsulated medium-chain fatty acid and Phyto cannabinoid emulsion

supplementation according to birth weight category during the suckling period.

Parameter CTR MPL EPML SEM P-Value

WT1: < 0.99 AN

Live born piglets (24 hr.)
Birthweight newborn

0.76 0.81 0.82 0.14 0.240

(ke)
Weight 24 hr. (kg) 0.84° 1.08° ™R 0.15 0.000
Weight gain 24 hr. (g) 78.00°  232.50°  22696° . 9.91 0.000

Colostrum intake T
215.08 458.53°  443.30° 18.88 0.000

(ml./piglet)
Piglet at 3 days
postpartum
Weight (kg) 1.38b 03¢ 2.06° 0.72 0.007
ADG (g/day/piglet) 163.33%  310.42° 1 328.0° 20.03 0.030

Milk intakes (ml./piglet) 625.11%  1191:30°  1360.86° = 85.02 0.018
Piglet at 14 days

postpartum
Weight (kg) 4.02 3.87 3.95 0.15 0.946
ADG (g/day/piglet) 246.15 211.26 218.62 11.38 0.709

Piglet at 21 days

postpartum
Weight (kg) 6.35 6.78 6.44 0.18 0.629
ADG (g/day/piglet) 264.29 269.96 253.90 8.38 0.669

Note: Different superscript letters (> ) within the same row indicate significant differences (P < 0.05). SEM refers to
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin
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Table A3. (Continue)

Parameter CTR MPL EPML SEM P-Value

WT2: 1.00 - 1.20 nn.

Live born piglets (24 hr.)

Birth weight newborn

1.13 1.11 1.13 0.01 0.415

(kg)
Weight 24 hr. (kg) 1.24° 1.33° 1.39% 0.01 0.000
Weight gain 24 hr. (g) 103.16° 218.037 25951  9.04 0.000

Colostrum intake
201.35°  436.50°  503.572 12.27 0.000

(ml./piglet)
Piglet at 3 days
postpartum
Weight (kg) 17 2.33° 2.55° 0.04 0.000
ADG (g/day/piglet) 171.92°  330.54° 386.75° ' 12.89 0.000

Milk intakes (ml/piglet)  702.51°  1199.92° '1657.66%  58.27 0.000
Piglet at 14 days

postpartum
Weight (kg) 4.16 4.16 4.20 0.07 0.954
ADG (g/day/piglet) 222.77 216.66 71643 5.30 0.897

Piglet at 21 days

postpartum
Weight (kg) 6.17 6.43 6.37 0.09 0.567
ADG (g/day/piglet) 233.13 242.52 237.34 4.41 0.708

Note: Different superscript letters (= ® ) within the same row indicate significant differences (P < 0.05). SEM refers to
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin



240

Table A3. (Continue)

Parameter CTR MPL EPML SEM P-Value

WT3: 1.21 - 1.41 nn.

Live born piglets (24 hr.)

Birthweight newborn

1.34%° 1.35° 1.32° 0.00 0.015

(ke)
Weight 24 hr. (kg) i 1.58° 1.54° 0.01 0.000
Weight gain 24 hr.(g) 136.90°. 226437 .219.1% 9.01 0.000

Colostrum intake
209.69°  458.66°  463.55° 12.41 0.000

(ml./piglet)
Piglet at 3 days
postpartum
Weight (kg) 182 2.56° 2.73° 0.05 0.000
ADG (¢/day/piglet) 117.37°  328.89%  395.77° 16.01 0.000

Milk intakes (ml/piglet)  477.55°  1235.26° '1758.65%  73.15 0.000
Piglet at 14 days

postpartum
Weight (kg) 3.98° 4.55° 4.38% 0.08 0.020
ADG (g/day/piglet) 192.80 .229.74 21839 6.16 0.066

Piglet at 21 days

postpartum
Weight (kg) 6.23 6.74 6.57 0.08 0.077
ADG (g/day/piglet) 227.32 246.15 239.66 3.96 0.198

Note: Different superscript letters (> )

within the same row indicate significant differences (P < 0.05). SEM refers to
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin
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Table A3. (Continue)

Parameter CTR MPL EPML SEM P-Value

WT4: > 1.42 n1.

Live born piglets (24 hr.)
Birth weight newborn

1.67° 1.78° 1.76° 0.01 0.000

(kg)
Weight 24 hr. (kg) 1.81° 2.00° 2.00° 0.01 0.000
Weight gain 24 hr. () 135.34°  219.077  234.63° 5.17 0.000

Colostrum intake
270.28° el 1F] 511 RN 7.18 0.000

(ml./piglet)
Piglet at 3 days
postpartum
Weight (kg) 286§ 2.89° 3.02¢ 0.03 0.000
ADG (¢/day/piglet) 185.99° 296.90°  342.42° 13.49 0.000

Milk intakes (ml/piglet)  660.18°  1156.27°  '1425.66°  32.30 0.000

Note: Different superscript letters (% © ) within the same row indicate significant differences (P < 0.05). SEM refers to
the standard error of the mean. CTR: Control group; MPL: Microencapsulated powder of concentrated medium-
chain fatty acids, which contain medium-chain fatty acids (MCFA), lauric acid, and hemp leaf extract. MPLM: Same

as MPL but supplemented with monolaurin
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Table A4. Quality assessment of dNA and PCR products from piglet fecal samples.

Sample DNA Products PCR Products
Name Con (ng/ul) A260/A280 Con (ng/ul) A260/A280
CTRWT1.1 41.53 2.04 351.67 1.04
CTRWT1.2 82.50 1.84 745.99 0.93
CTRWT1.3 112.25 1.86 1066.87 0.92
CTRWT1.4 156.14 1.88 1157.11 0.94
CTRWT2.1 §Y.56 1.81 1191.49 0.94
CTRWT2.2 92.63 143 1 TRRQ 0.94
CTRWT2.3 69.26 1.75 1044.37 0.93
CTRWT2.4 120.55 1.82 1167.86 0.95
CTR.WT3.1 79.39 1.76 1030.75 0.94
CTRWT3.2 87.59 {4 1041.79 0.95
CTR.WT3.3 166.65 1.80 998.88 0.93
CTR.WT3.4 146.24 1.79 943.49 0.94
CTR.WT4.1 102.07 1.76 981.64 0.93
CTR.WT4.2 9%.99 1.75 817.16 1.00
CTR.WT4.3 74.94 h 39 97§99 0.93
CTRWT4.4 55.44 1.85 976.78 0.92
MPL.WT1.1 74.84 1.88 849.31 0.96
MPL.WT1.2 114.47 1.83 1042.70 0.92
MPL.WT1.3 112.11 1.83 1030.45 0.95
MPLWT1.4 193.38 1.84 1287.74 0.94
MPL.WT2.1 172.99 1.82 926.78 0.97
MPL.WT2.2 225.19 1.81 1078.15 0.96
MPL.WT2.3 111.75 1.74 945.76 0.94
MPLWT2.4 182.27 1.77 1043.72 0.92
MPL.WT3.1 156.91 1.74 993.19 0.94
MPL.WT3.2 147.70 1.74 1001.46 0.93

MPL.WT3.3 147.20 1.74 977.59 0.95
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Table A4. (Continue)

Sample DNA Products PCR Products
Name Con (ng/ul) A260/A280 Con (ng/ul) A260/A280
MPL.WT3.4 103.61 1.68 829.91 0.96
MPL.WT4.1 104.14 1.68 1025.17 0.97
MPL.WT4.2 170.42 1.73 903.90 1.00
MPL.WT4.3 146.68 1.85 838.11 0.97
MPL.WT4.4 70 37 1.84 880.73 0.97
MPLM.WT1.1 104.79 1.82 1201.99 0.93
MPLM.WT1.2 50.19 1.83 968.07 0.95
MPLM.WT1.3 99.61 1.81 914.45 0.95
MPLM.WT1.4 81.69 1.85 826.33 1.01
MPLM.WT2.1 209.84 1.84 630.28 0.96
MPLM.WT2.2 148.36 1.82 645.15 0.96
MPLM.WT2.3 192.00 1.82 674.42 0.98
MPLM.WT2.4 119.11 1.79 659.52 0.98
MPLM.WT3.1 149.23 1.75 546.97 0.96
MPLM.WT3.2 194.57 b A 627.88 0.96
MPLM.WT3.3 139.43 1.85 649.87 0.95
MPLM.WT3.4 85.63 1.91 491.26 0.98
MPLM.WT4.1 48.48 o) 544.74 0.99
MPLM.WT4.2 53.86 1.95 574.61 0.99
MPLM.WT4.3 90.71 1.85 554.37 0.97

MPLM.WT4.4 87.12 1.84 625.08 0.97
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Table A5. Alpha diversity indices of fecal microbiome in suckling pigs under different

dietary treatments and birth weights.

Sample observed
chaol dominance pielou e shannon Simpson
Name features
CTR.W1.1 458.917 0.066 a42 0.606 5.325 0.934
CTRW1.2 508.487 0.03 502 0.719 6.455 0.97
CTRW1.3 426.650 0.031 419 0.714 6.218 0.969
CTRw1.4 242.500 0.141 236 0.536 4.225 0.859
CTR.w2.1 556.927 0.073 549 0.663 6.030 0.927
CTR.W2.2 59533 0.052 584 0.668 6.141 0.948
CTR.W2.3 397.000 0.054 387 0.635 5.461 0.946
CTRw2.4 544.536 0.023 529 0.731 6.617 0.977
CTR.W3.1 237.000 0.067 234 0.611 4.808 0.933
CTR.W3.2 473.552 0.025 ar2 0.726 6.453 0.975
CTR.W3.3 558714 0.022 548 0.733 6.672 0.978
CTRW3.4 324.938 0.054 324 0.656 5474 0.946
CTR.wa.1 432.435 0.061 416 0.663 5767 0.939
CTR.W4.2 488.848 0.048 ar9 0.661 5.881 0.952
CTR.W4.3 705.714 0.023 698 0.722 6.822 0.977
CTRwa.4 412.882 0.047 389 0.657 5.650 0.953
MPL.W1.1 488.000 0.056 ar2 0.649 5.768 0.944
MPL.W1.2 408.231 0.033 399 0.716 6.19 0.967
MPL.W1.3 427.474 0.037 409 0.693 6.008 0.963
MPL.W1.4 276.957 0.118 273 0.549 4.439 0.882
MPL.W2.1 734.156 0.008 724 0.835 7.933 0.992
MPL.W2.2 370.500 0.055 361 0.655 5.568 0.945
MPL.W2.3 404.913 0.038 386 0.681 5.853 0.962

MPL.W2.4 349.375 0.054 343 0.636 5.354 0.946
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Table A5. (Continue)

Sample observed
chaol dominance pielou e shannon Simpson
Name features

MPL.W3.1 509.500 0.049 493 0.651 5.827 0.951

MPL.W3.2 463.794 0.056 as57 0.658 5.811 0.944

MPL.W3.3 673.061 0.034 651 0.717 6.704 0.966

MPL.W3.4 777.667 0.017 764 0.740 7.091 0.983

MPL.W4.1 529.500 0.029 518 0.719 6.487 0.971

MPL.W4.2 502.500 0.040 490 0.706 6.309 0.96

MPL.W4.3 526.778 0.028 513 0.718 6.464 0.972

MPL.W4.4 413.000 0.039 404 0.702 6.075 0.961
MPLM.W1.1 = 632.522 0.042 626 0.675 6.275 0.958
MPLM.W1.2 380.059 0.058 373 0.671 5.729 0.945
MPLM.W1.3  795.75 0.012 786 0.789 7.587 0.988
MPLM.W1.4 - 644.80 0.040 630 0.660 6.137 0.96
MPLM.W2.1 =~ 230.75 0.044 227 0.688 5.388 0.956
MPLM.W2.2 ~ 442.789 0.026 438 0.760 6.669 0.974
MPLM.W2.3  266.273 0.036 249 0.686 5.457 0.964
MPLM.W2.4  509.913 0:030 504 0.721 6.477 0.97
MPLM.W3.1  563.535 0.038 oz 0.686 6.253 0.962
MPLM.W3.2  561.440 0.044 539 0.679 6.163 0.956
MPLM.W3.3  556.875 0.021 546 0.715 6.505 0.979
MPLM.W3.4  566.00 0.018 553 0.763 6.950 0.982
MPLM.W4.1  204.231 0.095 204 0.572 4.385 0.905
MPLM.W4.2 ~ 290.667 0.084 278 0.585 4.752 0.916
MPLM.W4.3  624.792 0.019 621 0.756 7.011 0.981

MPLM.W4.4  336.000 0.046 336 0.681 5.716 0.954
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dayan1sn1sinssimsvinueilendy uaznsdsuulasasiuaiilussuumaiy
91MN5VINENT

1

1. M3AATInsiIuIeReAdy (Function Prediction) Tagld heatmap l#3unuunns
N1u1e COG, EC, KO, Pathways was PFAM (Table A5) 41115003 U187 TAv09n1S
lafdalagldsuuuumsviune COG, EC, KO, Pathways uaz PFAM il

1.1 COG (Clusters of Orthologous Groups) l#d115un15.U8 suwiasilad fu
Rdunidludnldgnansfiuszidiuriig COG fina 9 Fefmnuddayrenszuiunsuunueady
N5dATIENLUTAY karauNININLALeIMISIAETIY (Table A6)

1.2 EC (Enzyme Commission) \funisduundszinnieuladnuufseonaiise
Tusne lnsusagoulusiagivangiay EC Mvsuannguvesuiizoriiouleiisa Ingldsvad
Fuuneulwinmeiaufizerdissfizelussuumagims sasnsaeenidu 6 ngu Lite
AA3189 ALY wazunumluunueddunazuisonadlussuunmaduenisgngns
(Table A7)

1.3 KO (KEGG Orthology) #® mﬁa%mwm8ﬁaﬁéﬁ’uﬁiﬂﬂugwuﬁayja KEGG 1ng
%’Uﬂ&jmﬁw%‘lﬂiﬁuﬁtﬂu orthologs fintiflguiefunssuiunisunueady (pathways)
Tngn1sinswn KO tendeulssduiunavesanstininiiamziaizaslunsguiunisiuunue-
5%y (Table A8) iiloUsziiunaiUdsunyawosnsianuilidduresssuumaiuomnIves

aNgNIVeNUNAGRL dnanniswaznsUsEeNAlT U

Y 9

Y a

1.3.1 KEGG Orthology (KO) Aeynuasnduiu vide lusaudisiniirfinisanm
wiloufu anunsadesleimyiauresndunsdlussuumaduemsiuiladdumunuednd
waznIzUILNITININES q MReTuluseng

1.3.2 11931A978% KO laeld heatmap wansliliun1uuanm19msonu
WA BuulasweInugauaNysaivesdud A srdesduilsdturesdnld 1wy nsmnangy
asdunid msduaseiiniunaznineziilu n13d0a1500998d UALNITNDUALDIND
Aawandou

1.3.3 f19819N15338NUIINIITANq ukaziUTeuisu KO Tussuuniaiaiu

a

91M15899NgN 5L TEUNMTUABULUAwBRAUnISuasilanduunueffuiuansineiu 1y

a 6

NSHILTUYTRANAIYDITUNALITBITUMSIHINAIYNIABUVSE FIuafuayunITIUNLDIMT

o

wseNsUTuUgIaun e Ld



253

v 6

1.3.4 Heatmap Wanidufazyadilowanininuanuauysalduinsvas KO wu

1 Y

Aduuaninisuanseanas gailgrelidnidenewiunisiiisundasileiduanizegiaiuy
AslUNguUNAaBEIa 9
1.3.5 nM5Us2eNe Y KO heatmap lugnsagagliidnlavnuimvesssuy

(%
LY YN

aunidlualdnslusunisiasydiuln NMsnadu wasszuundAuiy s Useiiung

q

NIENUINASLENOIMTUTENITUIUAST NN

o v o

ndeyatiaiuainsaasuladn Heatmap KO Jusnnilaadesiledfyiiviouans
AMTINVBINTTIINUNFInmlusEuun AL MsveIgngnsinudetoyanItuuAne1e
94 KO WloTinngriuasiininunisivdsundasitarduveslulasiolouludld defoyadl
Foulsstugunmuaraussaugnisaipiulvesans ludiifaednmsdesia Ko nnsa
(19 K00001-K99999) azuanin “Hasiu” veoq yaunisluaildusazitegne ddnennly
NSNS BUTSeP LT EasBuadil
1.4 Heatmap KEGG Pathways fig N1595UNUNITVINUVDITUUILLNUDAZN 1T
mMswasuulasuesmstuaiifiuannisideslesvesujizeuaslusfusing o dslddoyasia
KEGG (Kyoto encyclopedia of genes and genomes) Uszmama'ﬁ'wﬁ’u%gamﬂ KO #3©
EC 3nuUseiiiusaunu (Table A9)
1.4.1 KEGG Pathways A9 wHufllduniauinueddulasufAsemnsdannd
uanansidelesyestunaglusfiulunszuiunsvnaganine 4
1.4.2 Heatmap KEGG Pathways WaR43¥AUAINLEANANYTYI 0N1TUARIDRN
vosduiiiendesiudunsunueadumdduluusazndusaoee
1.4.3 MAATIZH Heatmap daelidiunmsaunnfleifuuunueddulaluszuy
MafueMITIeIgngnsinITasuuYas Wy mamwaganslulainsa lusu Wiy ns
duAs1Enasems niensnevauewun AUy lnedieg1991u3381Y heatmap KEGG

Pathways W3guiilsunguanansflasuemisiatu asnsedu vsedavnmuananeiy wui

N

Fliviudumauunuedfuiignnssduvieanateataau 8n1iedly heatmap gutuen

9

'
v o

FEAUNITYINUTDIUAAZIAUNI (DU = g9 waz 279 = A1) Nelaaglvaiunsaesuiens
dl o ¥ a a = ! a ngl
Waguwlasavnmeanld waznissyiiivlavesgnansundnwidenisussidiutyielunising
LHUN1TUSUEN TN TUTBNITIANTITHUAIMNATITUNA INNITININVBITEUUNILAUBINNS
Tngaunsaauledn Heatmap KEGG Pathways Lulesasilouansnisivasuniasszauilandu

LNUBATUTRITEUUMAALMNSgNansIInTeyaTlunvselulasluley
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1.5 Heatmap PFAM (Heatmap Protein Families)

1.5.1 PFAM @@ gﬁuﬁayjaﬁuummmﬁswi’mﬂﬁjmﬁ’aiﬂsﬁu (protein families)
wazlaulusiu FausazaseunirnzgniomlasnsdniFesddulusiuvatonuy (multiple
sequence alignments) Waglulnaniani1salhuue e (profile hidden Markov models -
HMMs) Tgdnsunisiaseit kazdununlusauludluniazsiumIluneig o

1.5.2 Heatmap PFAM fie Msuansnaluguuuunmdad (heatmap) sz
LAZLARITEAUAINEANANYSAINTENISHARteanveslUsAuLAaslandulungudiege iy

¥

grudeya PFAM azgagliinddeifiuningiuveinisnszaieds uaznsiudsuwdaselusiy
Hanusing q lugdun3dluseuumasiuemis laganuisn3euiiisuseninengusiiog e Wy
FENINNFUNAFDWANGUAIUAN $I8N13ITAUL-919 U89 Heatrnap PFAM Wanqseauns
o & ¢ [ a o il v v Y
Munsenugauanysaivatiaazlauulusiy Jegiiivilaunuiiasnisusudives
sruuBannluseiulutana Wy n15898819115 N15vUALlULana ©TenN1IRaUANDIND
ANuLAsen LU (Table A10)

INNITHAAINANIE heatmap z1TayanIugauaNysal (abundance) #3of1

1 I & @ 1 = ~ a a 1

AnuuAziduveslsidundazUssaninuansluguuuud ieeuiisuanuunne1aves
Heandusgningsineg e vsenquieyainnudazasAusenouliunu muaggudeyaniuansniu
Wi IeiungndinvesdukalusAuludoyan e luavionluaunins e v Inen1sly
heatmap WAAIAIINLANAINVBINTNTLAIUTUTEAUANN 9 1K WNlaesan (COG), 1UVD9
oulasl (EQ), Weddutanizng (KO), n5zUaun1sn1981a N (Pathways) wazlauulusiu

(PFAM)

Table A6. Databases for microbial function prediction by heatmap analysis (COG, EC,
KO, Pathways and PFAM).

MUZAUNTIATIER

gudaya FTAUNTIATIEN AU
wuulaly microbiome
nauBus (functional nswusngugumunaln e
COG . Basziflaituguning g
clusters) 1IN

o nstuuneuledann Anseiuuvuedtuuas
EC wulwluazufisewad

Y5LLANNISVN9Y Aseuadl

(ol
£29)




255

MUEAUNTIATIER

gm‘ﬁaga SLAUNISIATIEH ALAU
wuulaly microbiome
KO (KEGG oo Wwouleaduiuszuy AN pathway LT
Hendugunay pathway . —
Orthology) LEUNNUIUD AT J¥UU
LAAAUNIWULNUDA AAFILINNTYINUTTUY
Pathways - - - :
Pathway F8UUBININ FULAL procesamiento  ULIA microbiome Y4
(KEGG) a
Inn ASUINDS
TaulushusazATauAsL Ads1enseaulusiu As1emaseas1elusiu
PFAM

TUshu

warlATIAsY

warianTuRNY

Table A7 Classification and functional overview of COG (clusters of orthologous groups)

classes in piglet gastrointestinal tract.

ataurandunig MIIATIAUUNURATY
¥d COG Y/ Hendu COG  sEAUMIIATIEN T A .
YN wazufnse el
COG1476,  Translation, ribosomal MsaselUsAY asalushuLey dqasunsdanTeilusiu
COG1028 structure, biogenesis (J) waylslulay Tassadrefisduly wazioulmiiiietdos/Jotu
wad Tsaluanld
COG5046,  Amino acid transportand = MSWUVULETN/  geTuuAzdesnIAavdl  aduaUUUNAINANIULAY
COG1396  metabolism-(E) nsaaesnTao: T ansmaudddmiuad
A uaznasiogunmald
COG5524,  Carbohydrate transport sunUeBTINGy  SopuavgATutnne  asiamdenu aduayunis
COG5564  and metabolism (G) GRIGEN wileamns LISYRAUNTOR daeduy
aslulamsn AN TNEYNINNIUAUDINS
COG1695, Energy production and NITUIUNITHER ‘-‘b’ﬂmi/LU%uLLUm mu&)mm‘s{frﬂﬂ’]sa’]immi
COG0493  conversion (C) uazulamdsnu  ndwuluwad warnduiioUszansam
FEUUNUAUDIAT
COG3279,  Cell mﬁa%m?jaﬁu Hostudaantaoy  iiumuudausweuad
COG3642  wall/membrane/envelope  Lwaa/Wiluiwad UAZAIUANALAR LLaszaaﬁumﬁﬂsm‘uadvﬁa
biogenesis (M) 5@
COGA4328,  Post-translational USudeulusiu  deuusuuazida aﬁuauumsﬁluﬁawaé e
COG1961  modification, protein waansua/ TUsfuRauni AUNUMIUAD stress T
turnover, chaperones (0)  4an15lUsAY A&
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AAURIA TN ARV ATY

5¥a COG nuany/Nendu COG FTAUNITIATIEN Yl 4
Fanw wazUizeadl
COG1864,  Signal transduction nalnnnges MDUAUDIAD fnwiaunanisdeasuas
COG1475  mechanisms (T) Fya/usush  Awandouuazans Uiulilaslulesluguam
Wwanuavydwnsg  nszdu anld
COG0493,  Transcription (K) ASUARIDBNYDY muamlﬂmﬂiuﬁuﬁ YFuguuuumsvihauves
COG1695 du \Aeafunisten/ wadfudwnndeuluszuy
nliAuriy MAAUD NS

COG3279,  Replication, 531899/ Unllosenusiuames  aduayuguamisaduas
COG1396 recombination and repair  @auLY DNA miﬁuqmﬁm AMUNUNIURDANULE I

(]

A stress/\wolsa

Table A8 Classification and functional overview of enzyme commission (EC) classes in

piglet gastrointestinal tract.

N1SAATITAULNUD AT

L4 L a L3 1 & o =
wulwal (EC) FTAUNITIATIEY  Aaauendunisginaw — .
wazufnIeLall
N1INOUAUDIAD Ay L funuwilunszuiunis
. . Swifseeendindu- .
Oxidoreductases ANUAWYABDNTAYY MUNLAYNITADUAUDY
- INYU (oxidation- g o
(EC 1) waznIsvdinlusyuy AULATEABNTLATUTY
o reduction reactions) i
MARUD AT anld
— i ANalAUATIFBNITLN
™ deiunagued wu
NERIUNAULAN nagyAslulansauay
Transferases (EC 2) ; glycosyl transferase Tu . -
semInalang N19A519ENTTININUN
nswmaiAsiulanse
i
nsgeLaaTY wwfisenlalaslada wu  Predosaasansemis
Hydrolases (EC 3)  ansuUsznaulngns  dowaanslushiu ludiu Inglnduluanadnas
i warA1slulainse STLRRELILH
msdanuszailagld  dawusy C-C, C-N, C-O Funumlunisuaniuse
Lyases (EC 4) T9uviTeRIsu TmeldldmnansdBes  wiuavnisasna
Bidnmsou AoNG A3TINNANE
mydnBsmaziUaoy  dasedasaiieniely L3INTEUIUNIS
Isomerases (EC 5) Y v . y Y
sulaswassluiana luanaieniu wWaguudaslaseasng
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AN5IATIZUNUD AT

< o/ a 4 1 s IS
voulasl (EC) sAuNTIesIzE gaursidunnedanin o
wazunnIeal
lanawiialianunsoaing
Ufnsesioly
NILAUNITTINAIVBIENT
nsudveduana  suluanalagldndsn  Hluanavanevie wu

Ligases (EC 6)

niouldnaaany ATP

10 ATP

A5.TaUMD DNA %58

TUshu

Table A9 KEGG Orthology (KO) and

system of suckling pigs.

key functional changes in the gastrointestinal

S¥%d KO Nenduvan pathway Ntng2U04 ANUNIENIGUNIN
Glycolysis, sugar dalasumsldy fructose way
K00847 Fructokinase Ny
metabolism NHNY
AATUATTOMNT WaYNNT
K02003 ABC transporter Energy, drug resistance oL
Usuna
N3LAUNITATI amino
Ko4487 Cysteine desulfurized Sulfur metabolism - .
acids wag N13asgLAUle
AUNNVBITTUUNAU
K00605 Butyrate kinase Butyrate production 9T UarAINTINAITATY
dniau
M3ld warn1suANAIvDs
K01057  Lipase Fat digestion nsalusiulussuumaiu
21113
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Table A10 KEGG Pathways heatmap summary for piglet gastrointestinal function:

pathway [Ds, functions, and biological roles.

nuAnY KEGG I UNUMUIZUUNALAY
KEGG Pathway ID Wengunan
Pathway MN3NENT
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synthesis Tnudnanlsa 91M15veAUIY
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KEGG Pathway ID

nuany KEGG

Pathway

Wangunan
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Table A11 Heatmap analysis of PFAM markers associated with gastrointestinal

functional changes in Piglets.
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S¥a PFAM 1Ay PFAM Wanguman
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Abstract This study investigated the extraction of phytocannabinoids from Cannabis sativa L.
(hemp) using medium-chain triglyceride (MCT) oil to evaluate their potential as energy
supplements for suckling piglets and MCT emulsion formula with phytocannabinoids and highly
concentrated lauric acid (EMPL prototype product). The most effective conditions were found at
12% hemp leaves in CPKO with a 6-hour heating period, resulting in the highest TPC (57.38 mg
GAE/g DW), and antioxidant activities (DPPH: 34.43%, ABTS: 64.33%, and FRAP: 53.18%)
(P<0.01). The obtained extract contained 0.016% cannabidiol (CBD), 0.015% cannabidiolic acid
(CBDA), 0.029% total cannabidiol, along with 54.50% medium-chain fatty acids, 47.09% lauric
acid, 96.48% total fat, and a gross energy content of 8,813 kecal/kg. The EMPL group showed
significantly higher performance in average weight (2.00 kg), average daily gain (ADG) (132.59
g/piglet/day), and milk intake (552.01 ml/piglet) at 5 days old compared to the control group
(P<0.01). These findings indicated that 12% hemp leaves extract in CPKO, heated for 6 hr at
110°C, significantly enhances antioxidant and phytocannabinoid content. An emulsion of
medium-chain fatty acids with 40% lauric acid plus phytocannabinoids (EMPL) improved the
growth performance and milk intake of piglets, demonstrating its potential as an effective and
innovative energy supplement for suckling piglets.

Keywords: Antioxidant potential, Decarboxylation, Chemical composition, Fatty acid, Suckling
piglets

Introduction

Cannabis sativa L. (hemp) has garnered considerable attention due to its
various applications in agriculture, industry, medicine, herbal remedies, and
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religious practices. (Andre ef al., 2016) A critical aspect of hemp processing
involves the extraction of phytocannabinoids, which is typically carried out
through decarboxylation—a process using heating in combination with solvents
such as cold-pressed coconut oil. Decarboxylation consists of three main stages:
material preparation, cannabinoid activation through heating, and extraction
(Moreno-Sanz et al., 2020; Valizadehderakhshan et al., 2021). The first step,
material preparation, entails selecting high-quality cannabinoid-rich hemp. The
chosen plant material is then dried and ground to increase surface area, which
enhances extraction efficiency by reducing excess moisture that may impede the
decarboxylation process. The second step is an activation process of cannabinoids
by heating and controlling pressure conditions in autoclave sterilization. This
process is the transformation of acidic forms like tetrahydrocannabinol acid
(THCA) and Cannabidiolic acid (CBDA) into their active counterparts,
Tetrahydrocannabinol (THC) and Cannabidiol (CBD), by removing a carboxyl
(-COOH) group and CO; (Nachnani et al., 2021; Fuéak ef al., 2023; Nguyen et
al., 2024.). Typically, this step involves heating the material to temperatures
between 105°C and 120°C for 30 to 60 minutes (Moreno ef al., 2020; Regan et
al., 2022). The final step is an extraction that uses carrier oil, such as crude palm
kernel oil (CPKO), to dissolve the cannabinoids. The oil is heated to the
appropriate temperature to facilitate the process, followed by filtration and then
purification which concentrates or isolates specific cannabinoids for further use
(Fucéak et al., 2023). There are several important factors to consider for the
decarboxylation process, including the preparation of hemp material, precise
control of heating temperature and duration to avoid overheating, and careful
monitoring of equipment such as ovens and moisture control systems. The cooling
down of the material after activation is also crucial. Furthermore, the post-
decarboxylation steps must be tailored to each product's specific targets and
manufacturing processes (Valizadehderakhshan ef al., 2021).

Hemp is a rich source of bioactive compounds, particularly
phytocannabinoids, which have been extensively studied for their therapeutic
potential. Several research studies focused on the product's components, including
hemp derivatives. Cannabidiol (CBD) and tetrahydrocannabinol (THC) are
becoming increasingly important because they have the potential to be treated or
applied in both humans and animals. Recently, attention has shifted toward the
role of non-psychoactive phytocannabinoids as functional ingredients in animal
nutrition, particularly for enhancing livestock health and performance (Rocca and
Salvo, 2020. According to a study by Lust et al. (2023), who explored the use of
phytocannabinoids from hemp in combination with medium-chain fatty acids
(MCFAs) by, formulating as triglyceride powders and monoglyceride emulsions
(Bartoncikova et al., 2023; Jadhav and Annapure, 2023), which aimed to use this
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combination as a livestock additive for key nutritional needs in piglets (Jackman
et al., 2020). Four objectives have been reported for such a utilization model:
enhancing growth efficiency, promoting weight gain, optimizing lipid absorption,
and supporting digestive system development. These objectives target the
improvement of energy availability and intestinal health while fostering microbial
diversity and pathogenic control. Finally, these contributions will increase vitality
and improve response behavior in piglets and pets (Vodolazska and Lauridsen,
2020; Rocca and Salvo, 2020; Montero et al., 2023).

Therefore, this study aimed to evaluate the effectiveness of hemp material
and medium-chain triglyceride (MCT) oil used as solvents for phytocannabinoid
decarboxylation and extraction. A prototype emulsion combination of
phytocannabinoid extracts and concentrated lauric acid, a novel energy
supplement for suckling piglets to serve as an oral administration, and its impact
on the productive performance was also assessed.

Materials and methods

Experiment 1: Extraction of phytocannabinoids from hemp roots and leaves
using different MCT oils

The experiment used a 2x2 factorial in Completely Randomized Design
(CRD) consisted of factor A is raw materials from hemp (hemp leaves and roots),
and factor B was the type of triglyceride oil with medium-chain fatty acids,
purified palm kernel oil (PPKO) and CPKO.

The soil remaining on the hemp roots was washed with tap water. The
washed roots and leaves were then dried using a solar dryer. The raw materials
were carefully selected and ground using an herbal grinder. The hemp fibers were
separated manually. The grounded sample was sifted through a 100-mesh (150-
micron). Subsequently, the cannabinoid content (%w/w) of hemp leaves and roots,
including cannabidivarin (CBDV), cannabidiolic acid (CBDA), cannabidiol
(CBD), cannabinol (CBN), tetrahydrocannabivarin (THCV), tetrahydrocanna-
binol (THC), cannabichromene (CBC), and tetrahydrocannabinolic acid (THCA),
was determined through spectral analysis using High-Performance liquid
chromatography (HPLC), based on a modification of AOAC Official Method
2018.11, Revised First Action by Vaclavik et al. (2019). The chemical
composition, including ash, energy, carbohydrates, crude fiber, fat, protein, and
moisture, was estimated using standard methods performed by Central Laboratory
(Thailand) Co., Ltd., Chiang Mai Branch, as presented in Table 1.

Twelve grams of finely ground hemp leaves and roots were transferred into
cloth bags (5 x 15 c¢cm) at a 6% (w/v) ratio in oil solvent. Twelve bags (for four
treatment comparisons, with 3 replications) were wrapped in aluminum foil and
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subjected to sterilization in an autoclave at 121°C for 21 minutes, 0.11 MPa.
which not only ensured the sterility but also promoted the decarboxylation of the
raw material. Glass containers (250 ml) containing oil solvents (PPKO and
CPKO) were also sterilized under the same conditions. After sterilization, the
sterilized cloth bags were placed into the containers, and 200 ml of oil solvent was
added. Emulsifiers (Tween 80, 2% w/v) and sodium erythorbate (0.3% w/v) were
added to the solution and mixed to prevent rancidity (Tymoszczyk, 2013). The
containers were sealed and stored in a dark place for 18-20 h to facilitate
extraction, followed by heating at 110°C for 4 hours in a hot air oven. (Fucak et
al., 2023; Ryu et al., 2021). After heating, the containers were cooled to 30 - 35°C
in a dark room. The phytocannabinoid-enriched oil was then filtered through 100-
mesh nylon, packed in opaque containers, and stored at room temperature
(25+£2°C). The antioxidant properties of the phytocannabinoid extracts were
subsequently analyzed, including the antioxidant properties of the
phytocannabinoid-rich oil by measuring total phenolic content (TPC) (mg GAE/g
DW), total antioxidant capacity (TAC) in L-ascorbic acid (mg GAE/g DW), and
antioxidant activity using 2,2—diphenyl—I—picrylhydrazyl (DPPH), (2,2—azino—
bis—3—ethylbenzothiazoline—6—sulphonic acid) (ABTS), and ferric reducing
antioxidant power (FRAP) assays (%) (Benkhaira et al., 2022; Minarti et al.,
2024).

Experiment 2: Effect of duration of the decarboxylation and the extraction ratio
of hemp to CPKO on the phytochemical composition and antioxidant potential
of phytocannabinoid oil extracts

This study employed a 3x5 factorial arrangement in CRD to evaluate the
effects of two key factors: (A) the ratio of hemp leaves to crude palm kernel oil
(CPKO) and (B) the decarboxylation reaction time. Factor A consisted of three
levels: Al = 6%, A2 = 12%, and A3 = 18% (w/v in oil solvent), while Factor B
included five levels of decarboxylation reaction time: B1 = 0 h (control), B2 =2
h, B3 =4 h, B4 = 6 h, and B5 = 8 h. The grounded hemp leaves prepared
previously (experiment 1) were weighed at 12, 24, and 36 grams and transferred
into cloth bags (5 x 15 cm), achieving concentrations of 6%, 12%, and 18% (w/v
in oil solvent). This step obtained 45 bags (15 treatment comparisons with 3
replications were prepared). The badge was wrapped in aluminum foil and
subjected to an autoclave at 121°C for 21 minutes to promote decarboxylation,
sterilize the material, and accelerate the activation reaction. This procedure
facilitated decarboxylation to ensure the sterility of the materials and accelerated
the activation of the target compounds. They were autoclaved and placed into
glass containers. To prevent oil rancidity, 4 ml of emulsifier (Tween 80,
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equivalent to 2% w/v in oil solvent) and 0.6 g of sodium erythorbate (0.3% w/v in
oil solvent) were added to the glass containers (Tymoszczyk, 2013). The
containers were sealed tightly and stored in a dark environment for 18-20 h.

The extraction was conducted by heating at 110°C for 0, 2, 4, 6, and 8 h in
a hot air oven (Fucak et al., 2023; Ryu et al., 2021). The extracted sample was
cooled to 30 - 35°C in a dark place, The extracted oil was then filtered using a
100-mesh nylon filter and stored in opaque containers at room temperature (25+2
°C). The antioxidant properties of the phytocannabinoid-rich oil were evaluated
by measuring TPC (mg GAE/g DW), TAC in L-ascorbic acid (mg GAE/g DW),
and antioxidant activity using DPPH, ABTS, and FRAP assays (%) (Benkhaira et
al., 2022; Minarti et al., 2024).

Experiment 3: Effects of oral administration of EMPL product prototype on
body weight, growth rate, colostrum intake, and milk intake in suckling pigs

Animals and housing

Seventy newborn piglets were randomly selected. A 1.0 - 1.5 kg piglets
born from sows with an average parity of 3 was divided into two groups. The
control group (CON) received an oral dose of 2 ml of toltrazuril (50 mg/ml;
commercial product toltrazuril 5%, registration number 1D 64/54), Better Pharma
Company Limited, Thailand. The treatment group was orally administered 3.5 ml
of EMPL. Both groups were treated twice: the first administration occurred 12—
24 h after birth, and the second on the third day postpartum.

The piglet’s weight was recorded immediately after birth, at 24 h. On the
fifth day postpartum, the weight gain and average daily gain (ADG, g/day) 24h
and 5-day, colostrum intake (ml/piglet), and milk intake on day 5 (ml/piglet) were
evaluated and recorded. Sows and piglets were housed individually in farrowing
pens (2 m x 2.2 m) equipped with heating lamps, rigid plastic walls, partly solid
concrete flooring combined with hard plastic slats, and provided with straw
bedding. Both water and straw bedding were supplied ad libitum, while the
ambient temperature was maintained at 28+°C initially.

All procedures employed in this research were approved by the Naresuan
University Animal Care and Use Committee (ACUC) under document number 67
01 002. The experiment was conducted at Wilaiporn Farm, Nakhon Sawan
Province, Thailand, with research and testing certified by the Department of
Livestock Development and under veterinary supervision.

Preparation of EMPL adjuvant prototype

This prototype was developed as an innovative energy supplement to
enhance suckling piglets' nutritional profile and growth performance. A prototype
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energy supplement for suckling piglets, EMPL (Emulsion of Medium-Chain Fatty
Acids with 40% Lauric Acid plus Phytocannabinoids, Em-MCFA-Phyto-L40)
was formulated. The emulsion contains 25 - 29% phytocannabinoid extract
obtained from CPKO, and other ingredients include rice bran oil, palm oil,
soybean oil, lauric acid powder (99.9% purity), polysorbate (Tween 80), butylated
hydroxytoluene (BHT), benzoic acid, and sterile water.

Statistical analysis

The data from Experiment 1 was analyzed using a 2x2 factorial in CRD,
while Experiment 2 employed a 3x5 factorial in CRD, which was subjected to
analysis of variance (ANOVA). Group comparisons were performed using
Tukey’s Honestly Significant Difference (HSD) test, with statistical significance
established at P<0.05. A t-test was employed to compare the mean values between
the control and EMPL groups in Experiment 3, with results presented at a 95%
confidence interval. All statistical analyses were conducted using Jamovi software
(version 2.3.28) (The Jamovi Project, 2022; R Core Team, 2021; Fox and
Weisberg, 2020; Length, 2020).

Results

The phytochemical composition of hemp leaves and roots, after preparation
and activation of the raw materials, revealed differences in the levels of CBD
(0.168% in leaves and 0.073% in roots) and CBDA. (0.083% in leaves and
0.267% in roots), as shown in Figure 1 and Table 1. In terms of the chemical
composition of both hemp materials, the levels of energy, carbohydrates, and
protein were higher in leaves than in roots—297.25 kcal/100g vs. 107.79
kcal/100g, 49.56 g/100g vs. 23.04 g/100g, and 20.06 g/100g vs. 2.02 g/100g,
respectively. In contrast, the crude fiber content was higher in roots than in leaves,
at 45.34 g/100g and 12.80 g/100g, respectively (Table 1).

The extraction of hemp leaves and roots was investigated in conjunction
with triglyceride oils rich in medium-chain fatty acids, namely PPKO and CPKO,
to assess their antioxidant properties. A significant interaction (P<0.01) between
the type of hemp material and the medium-chain triglyceride oil used was
observed. Extraction using hemp leaves with both PPKO and CPKO as solvents
significantly yielded higher TPC and TAC than extractions using hemp roots
(P<0.01). Moreover, the combination of hemp leaves and CPKO exhibited the
highest DPPH, ABTS, and FRAP antioxidant activity among all experiments
(P<0.01) as presented in Table 2.
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Table 1. The phytochemical and nutritional composition of hemp leaves and roots
Hemp materials

Items

Leaves Root
Cannabinoids (Yow/w)"
Cannabidivarin (CBDV) 0.014 0.001
Cannabidiolic acid (CBDA) 0.083 0.267
Cannabidiol (CBD) 0.168 0.073
Cannabinol (CBN) 0.007 0.005
Tetrahydrocannabivarin (THCV) 0.007 0.001
Tetrahydrocannabinol (THC) 0.017 0.048
Cannabichromene (CBC) 0.013 0.002
Tetrahydrocannabinolic acid (THCA) 0.005 0.018
Chemical composition?
Ash?¥ (g/100g) 23.49 6.52
Energy” (kcal/100g) 203 107.79
Carbohydrate™ (g/100g) 49.56 23.04
Crude Fiber® (g/100g) 12.80 45.34
Fat” (g/100g) 7.05 4.87
Protein® (g/100g) 20.06 2.02
Moisture? (g/100g) 11.01 6.74
Antioxidant efficiency
Total Phenolic Content (TPC)'” (mg GAE/g DW) 70.81 33.82
Antioxidant potential capacity (APC)'" (mg GAE/g DW) 23.26 10.79
Antioxidant activity on DPPH reaction (ADA-DPPH) 28.56 26.86

I Cannabinoids: Cannabis Extraction and Analysis Laboratory (Modification of AOAC Official
Method 2018.11, Revised First Action by Vaclavik et al. (2019)

% Central Laboratory (Thailand) Co., Ltd. ¥ Energy: In-house method TE-CH-169 based on method
of Analysis for Nutrition Labelling (1993) pp.106, * Carbohydrate using methods in Chapter 6:
Proximate and mineral Analysis. (AOAC, 1993) 3 Ash: AOAC Method 923.03 and 920.153, ¢
Crude Fiber: AOAC Method 978.10, 7 Fat: AOAC Method 948.15, ¥ Protein: AOAC Method
991.20, * Moisture: AOAC Method 925.10 and 950.46 according to AOAC. (2019) ' y =0.0008x
+0.0402; R2=0.9911 'y = 0.0014x - 0.003; R> = 0.9946

In Experiment 1, hemp leaves were extracted using CPKO as the solvent,
with the raw material to solvent ratio optimized to 6% (w/v). The activation of the
raw materials was heated, pressured, and steam sterilized in an autoclave to induce
decarboxylation before extraction. The extraction was conducted in sealed glass
containers at a constant temperature of 110°C for 4 h, facilitating the efficient
transfer of bioactive compounds from the leaves into the CPKO. To minimize
contamination and reduce post-extraction filtration, hemp leaves were enclosed in
cloth bags. The methodology employed, including using hemp leaves with CPKO
and specific preparation techniques, provides a foundation for future research to
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optimize the hemp leaves into solvent ratio and extraction duration. These
parameters were further investigated in Experiment 2, as outlined in Table 2.

Table 2. Hemp extract combined with medium-chain fatty acid triglyceride oil on
the antioxidant potential of phytocarbinoid oil extracts

TPC TAC DPPH ABTS FRAP
Factor mg GAE/g  mg GAE/g assay assay Assay
DW DW (%) (%) (%)
Interaction between factor A x B
Elfgg leaves X 46 1540.040  24.332076° 17.294025° 44.5240.50°  36.77+0.42°
Igfflgl(’)leaves X 48.34+030°  25.65+0.77% 26.48+0.58" 46.40£0.53*  38.33+0.43
Elfgg root x 30.56+0.45° 9.5740.51>  14.58+0.61¢ 28.17+0.06°  19.60+0.55
Igfflgl(’)ro"t 5 26.67£1.53  935+0.15> 19.23+0.68° 23.73:0.66%  23.26:£0.05°
Factor A: Hemp raw materials
Hemp leaves ~ 47.25+1.22°  24.9940.99° 21.89+5.05° 45.46+£1.138  37.55+0.93°
Hemp root 28.6142.36"  9.46+0.36" 16.90+42.61 25.95+2.46° 21.43+0.23°

Factor B: Types of triglyceride oils containing medium-chain fatty acids

Purified palm

kernel oil 38.36+8.54  16.95£8.11 = 15.94+1.54°  34.13£11.39° 28.189+9.41°

(PPKO)

Crude palm

kernel oil 37.51£11.91 17.50£8.94 22.86+4.01* ~ 37.28+£9.99* = 30.80+8.25*

(CPKO)

SEM 0.468 0.350 0.322 0.285 0.235

P-value
Factor A 0.000 0.000 0.000 0.000 0.000
Factor B 0.107 0.152 0.000 0.000 0.000
Factor A x B 0.000 0.059 0.000 0.002 0.006

*& Means with different superscript letters within the same column are significantly different
(P<0.05) and (P<0.01)

" Means with the same superscript letters within the same column are not significantly different
(P>0.05)

Total Phenolic Content (TPC) (mg GAE/g DW); Total Antioxidant capacity (TAC) (mg GAE/g
DW); DPPH (1,1-diphenyl-2-picrylhydrazyl) (DPPH assay) (%); Trolox equivalent antioxidant
capacity (TEAC) using (ABTS assay) (2,2’-casino-bis-3-ethylbenzthiazoline-6-sulphonic acid)
(%); Ferric Ion Reducing Antioxidant Power assay (FRAP Assay) (%)
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Hemp leaves (A) Hemp root (B)
Figure 1. The phytochemical composition of hemp leaves and roots is revealed
through spectral analysis using High-Performance Liquid Chromatography
(HPLC)

The investigation of the ratio of hemp leaves to CPKO (6%, 12%, and 18%
w/v) and the duration of heating duration for activation of decarboxylation (0, 2,
4, 6, and 8 h) revealed a significant interaction between the hemp leaves
proportion and heating duration (P < 0.01), as shown in Table 3. Specifically, the
12% hemp leaves to CPKO proportion significantly resulted in a higher TPC
compared to the 6% and 18% ratios (P < 0.01). Additionally, prolonged heating
duration for 8 hours led to TPC levels that exceeded those observed at shorter
durations (0, 2, 4, and 6 h) (P < 0.01). and the interaction of 12% hemp leaves
with CPKO and heated time for 6 hours produced significantly higher TPC
compared with other interactions. (P < 0.01) (Figure 2A).

In terms of total antioxidant capacity (TAC), the 6% hemp leaves to CPKO
proportion exhibited significantly higher values compared to the 12% and 18%
proportions (P < 0.01), and heating time of 4 h also demonstrated increased TAC
compared to other durations (0, 2, 6 and 8) (P < 0.01). However, the interaction
of the hemp leaves ratio and 6% hemp leaves to CPKO with heating duration for
4 h gave a higher TAC than other interactions (P =0.007) (Figure 2B). The results
of the antioxidant activity assessed using DPPH, ABTS, and FRAP assays
demonstrated that the 12% hemp leaves to CPKO ratio significantly outperformed
the other proportions (6% and 3%) (P < 0.01). The influence of heating duration
on the reaction of decarboxylation, particularly at 4 and 6 h. showed superior
results compared to other time points (0, 2, and 8 h) (P <0.01).

In terms of the interaction between hemp leaves proportions and heating
durations, the combination of 6% hemp leaves with 6 h of heating duration,
yielded the highest DPPH activity in all tested interactions (P <0.01) (Figure 2C).
Similarly, heating durations of 4 and 6 h resulted in the highest antioxidant activity
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in both the ABTS and FRAP assays in all tested interactions (P < 0.01) (Figures
2D and E).

Table 3. Effect of decarboxylation duration and the ratio of hemp and medium-
chain fatty acid triglyceride oil on total phenolic content (TPC) and antioxidant

capacity of hemp leaves extract

Factor TPC TAC DPPH assay ABTS assay FRAP Assay
mg GAE/gDW  mg GAE/g DW (%) (%) (%)
Interaction between factor A (w/v) x B
6% % 0 hr 40.2440.05 21.1640.26" 26.94+1.00" 32.17+0.76' 32.56+1.33¢
6% % 2 hr 46.49+0.33" 23.1341.05% 27.13%1.11°% 40.00+2.008 34.19+0.13¢
6% % 4 hr 47.32+0.15¢ 25.45+0.74 26.42+0.58¢ 44.5240.50°"  38.42+0.31f
6% % 6 hr 47.08+0.07" 24.6242.51® 26.44+0.48¢ 46.33+3.21°  39.61+0.38°"
6% x 8 hr 56.83£0.16° 21.6041,64"% 26.22+0.35¢ 50.20£0.91¢  40.40+1.03%
12% x 0 hr 41.04+0.06" 20.02+1.16<%  28.36+0.19%"  35.00£1.00"  42.38+1.11¢
12% % 2hr  55.84+0.16" 20.37+1.43%%%  29.46+0.47%%F  51.17+£0.85%  49.33+0.80°
12% x 4 hr 54.14£0.11° 23.80+1.06% 31.63+0.78% 62.13+1.03° 52.56+0.52°
12% x 6 hr 57.38+0.45° 21.55+] 340 34.43£1.74 64.33+1.53° 53.18+2.03*
12% x 8 hr 56.87+0.96% 21.3540.57"% 33.35+0.95% 58.07+0.90° 49.86+0.94°
18% x 0 hr 42.02£0.49' 19.22+1.08° 29.62+0.92¢4 36.20+0.35" 42.07+0.64¢
8% x 2 hr 52.800.68" 19.67+1.15%" 31.20£0.75 54.53£0.50*  50.50+0.66
18% x 4 hr 55.62-0.24% 18.67+1.15°% 30.53+0.92¢ 57.27+0.64>  51.26+0.67%
18% x 6 hr 55.07+0.53% 17.35+1.44% 29.49+(.53¢ 55.63+0.55° 50.45+1.21°
18% x 8 hr 55.100.04" 17.20=+1.148 29.28+0.63%"  42.20+0.40% = 47.31+0.72¢
Factor A: Proportion of hemp leaves to Crude palm kernel oil (Leaves: CPKO)
6% wiv 47.80£5.50° 23.23+£2.16* 26.64+0.74° 42.64+6.57° 37.02+£3.25°
12% wiv 53.38+6.57¢ 21.42+1.68° 31.44+2.50° 54.14£10.97° = 49.46+4.08*
18% wi/v 52.12+5.34° 18.42+1.44° 30.02+0.99° 49.17+8.70° 48.32+3.57°
Factor B: Decarboxylation reaction time (Heating duration)
0 hr 41.10+0.81° 20.13£1.17° 28.31+1.35° 34.45+1.91¢ 39.00+4.86¢
2 hr 51.71+4.15° 21.05+1.91° 29.26+1.90% 48.57+6.68° 44.67+7.78°
4 hr 52.70+£3.34° 22.71£3.25° 29.55+2.44% 54.64+£7.90° 47.38+6.73*
6 hr 53.18+4.69° 21.1743.54° 30.12+3.61° 55.43+8.00° 47.75+6.25*
8 hr 56.81+1.50° 20.05+2.37° 29.61+£3.15* 50.15+6.90° 45.86+4.25°
SEM 0.234 0.739 0.487 0.718 0.301
P-value
Factor A 0.000 0.000 0.000 0.000 0.000
Factor B 0.000 0.001 0.002 0.000 0.000
Factor A x B 0.000 0.007 0.000 0.000 0.000

*& Means with different superscript letters within the same column are significantly different (p<0.05) and

(p<0.01)

" Means with the same superscript letters within the same column are not significantly different (p>0.05

Total Phenolic Content (TPC) (mg GAE/g DW); Total Antioxidant capacity (TAC) (mg GAE/g DW); DPPH
(1,1-diphenyl-2-picrylhydrazyl) (DPPH assay) (%); Trolox equivalent antioxidant capacity (TEAC) using
(ABTS assay) (2,2’-casino-bis-3-ethylbenzthiazoline-6-sulphonic acid) (%); Ferric Ion Reducing
Antioxidant Power assay (FRAP Assay) (%)
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Figure 3. Schematic diagram showing the changes of total phenolic content, total
antioxidant capacity, DPPH assay, ABTS assay, and FRAP assay concerning time
(0, 2, 4, 6, and 8 h) upon heating for inducing decarboxylation to extract

phytocannabinoids from hemp leaves
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An analysis of the cannabinoid content resulting from the interaction
between 12% hemp leaves with heating durations of 4 and 6 h demonstrated that
decarboxylation-enhanced phytocannabinoid extraction significantly increased
CBD, CBDA, and total CBD concentrations after 6 hours of heating. Specifically,
concentrations were recorded at 0.004, 0.005, and 0.008, representing
corresponding 33.33%, 50%, and 38% increases compared to the 4-h heating
duration (Figure 4). The fatty acid profile revealed an increase in saturated fatty
acids by 1.45 g/100 g. In contrast, levels of monounsaturated fatty acids (MUFA),
polyunsaturated fatty acids, and total unsaturated fats including Omega-3, Omega-
6, and Omega-9 decreased by 1.95 g/100 g, 0.92 g/100 g, 2.88 g/100 g, 1.07
mg/100 g, 926.95 mg/100 g, and 1,950.72 mg/100 g, respectively (Table 4).
Regarding the chemical composition, the energy value for the mixture of 12%
hemp leaves and CPKO heated for 6 h was found to be 881.32 kcal/100 g, a 7.11
kcal/100 g increase compared to CPKO alone. Significantly, both the heavy metal
content and total plate count of CPKO and the phytocannabinoid oil extract (12%
hemp leaves: CPKO heated for 6 hours) met safety standards, confirming its
suitability to be applied as an energy source or livestock feed additive (Table 6).

0.029
0.030 Difference
0.008
0.025
Difference : 0.021
0.004 Difference
= 0.020 0.005
% 0.016 0015
3 0.015
<
g
<
O 0.010
0.005
0.000 N
Cannabidiol Cannabidiolic  Total Cannabidiol~
(CBD) Acid (CBDA) (Total CBD)

BLf(12%):CPKO (4 hr)  BLf(12%):CPKO (6 hr)

Figure 4. A comparative diagram of the cannabinoid content in oils, comparing
the proportion of hemp leaves to 12% CPKO and the heating duration of 4 and 6

h

YCannabidiol test: In-house method based on Journal of AOAC Official Method 2018.11, Revised
First Action 2020 P.1,822-1,833 with Cannalysis siam herbal laboratories. 2Total CBD = %CBD
+ (%CBDA*0.877)
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Table 4. Fatty acid composition of crude palm kernel oil and phytocannabinoid
oil extracts as raw materials for prototype energy supplement products for
livestock

CPKO oil contained ¥

. e e 1/

Fatty acid composition" (g/100g) CPKO phytocannabinoid extract
Caproic acid (C6:0) 0.23 0.26
Caprylic acid (C8:0) 3.43 3.67
Capric acid (C10:0) 3.29 3.48
Laurie acid (C12:0 45.50 47.09

Medium-chain fatty acids (MCFA) 52.45 54.50
Myristic acid (C14:0) 15.86 15.86
Palmitic acid (C16:0) 8.64 8.22
Stearic acid (C18:0) 2.36 3.24
Arachidic acid (C20:0) 0.12 2.19
Behenic acid (C22:0) 0.03 0.03
Lignoceric acid (C24:0) 0.05 0.05

Saturated Fatty acid (g/100g) 79.68 81.10
Palmitoleic acid (C16:1n7) 0.02 0.02
Trans-9-Elaidic acid (C18:1n9-t) 0.03 0.04
cis-9-0leic acid (C18:1n9-c) 115,55 13.6
cis-11-Eicosenoic acid(C20:1n11-c) 0.10 0.02
Nervonic acid (C24:1n9) 0.04 0.05

Monounsaturated fatty acid (g/100g) 15.74 13.79
cis-9,12-Linoleic acid (C18:2n6) 247 L-55
cis-11,14-Eicosadienoic acid (C20:2) 0.01 0.02
Arachidonic acid (C20:4n6) 0.02 0.02

Polyunsaturated Fatty acid (g/100g) 2.51 159

Unsaturated fat (g/100g) 18.26 15.38

Omega 3 (mg/100g) 6.53 5.46

Omega 6 (mg/100g) 2,493.04 1,566.09

Omaga 9 (mg/100g) 15,594.87 13,644.15

! Fatty acid composition using In-house method TE-CH-208 based on AOAC. (2019)
2 CPKO oil contained phytocannabinoid extract is 12% hemp leaves: CPKO & 6 hr heating
duration.

Emulsion of medium-chain fatty acids with 40% lauric acid plus
phytocannabinoids (EMPL): A prototype energy supplement for suckling piglets.
The EMPL product offers an energy value of 788.94 kcal per 100 g, and a fat
content of 87.66 g per 100 g. and water activity (Aw) is 23.38%. Key chemical
properties include an iodine value (IV) of 41.89% and a peroxide value (PV) of
4.73 mEq peroxide/kg. The fatty acid profile (g/100 g) is as follows: lauric acid
(C12:0), medium-chain fatty acids (MCFAs), myristic acid (C14:0), saturated
fatty acids, oleic acid (C18:1n9t), monounsaturated fatty acids, polyunsaturated
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fatty acids, and total unsaturated fats, with respective values 0f 42.21, 44.62, 5.93,
61.04, 15.92, 16.02, 9.17, and 25.12. Omega-3, -6, and -9 fatty acids are present
in concentrations of 586.15 mg, 5,862.10 mg, and 15,970.20 mg per 100 g,
respectively.

Table 5. Chemical composition, heavy metal test, and total plate count of crude
palm kernel oil (CPKO) and CPKO contained phytocannabinoid oil extracts

Oil type
Items" CPKO CPKO oil is contained.
phytocannabinoid extract
Chemical composition
Ash? (g/100g) <0.01 0.04
Calories from Fat* (kcal/100g) 888.42 881.32
Carbohydrate® (g/100g) 2.19 3.21
Fat? (2/100g) 97.74 96.48
Water Content ¥ (%) 0.07 0.27
Iodine Value ¢ (%) 16.89 10.53
Peroxide Value 7 (mEq Peroxide/kg) 3.85 2.87
Heavy Metal Test (mg/kg)
Arsenic (As) ¥ ND ND
Cadmium (Cd) ¥ ND ND
Lead (Pb) ¥ <0.050 0.17
Mercury (Hg) ¥ ND ND
Total plate count
Salmonella spp.'” (in 25g) ND ND
Total Plate Count '/ (CFU/g) <10 <10
Yeast and Molds ¥ (CFU/g) <10 <10

! Central Laboratory (Thailand) Co., Ltd.  Ash: AOAC Method 942.05 (AOAC, 2012) ¥ Calories
(Fat and Carbohydrate): In-house method TE-CH-169 (Central Laboratory, 1993), adapted from
Method of Analysis for Nutrition Labelling (p. 106). ¥ Fat: AOAC Method 920.39 (AOAC, 2023)
' Water Content: AOAC Method 934.01. (AOAC, 2005) * Iodine Value: In-house method
(Central Laboratory) based on AOCS Cd 1-25 (AOCS, 2017). " Peroxide Value: In-house method
(Central Laboratory) based on AOCS Cd 8-53 (AOCS, 2003). ¥ Arsenic, Cadmium, Lead: In-
house method TE-CH-260 (Central Laboratory) with AOAC Methods 2013.06 & 999.10 (AOAC,
2019). ¥ Mercury: In-house method TE-CH-260 (Central Laboratory) with AOAC Method
2013.06 (AOAC International, 2019). ' Salmonella spp: 1SO 6579-1:2017/Amd. 1:2020. ' Total
Plate Count: In-house method (Central Laboratory) based on FDA BAM Online (2001, Chapter
3). 1% Yeast and Molds: In-house method (Central Laboratory) based on FDA BAM Online (2001,
Chapter 18).

This study aimed to assess the effects of a novel energy supplement
prototype (EMPL) for suckling piglets in a commercial production environment.
Piglets were orally administered 3.5 ml of EMPL per piglet. The first time was
administered within 12-24 h after birth, and the second was administered on the
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third day post-parturition. The results were compared to those of a control group
that received the antibiotic toltrazuril. It was found that piglets in the EMPL group
exhibited significantly higher body weight on the fifth day than the control and
antibiotic groups (P < 0.01). Moreover, the average daily gain (ADG) of the
EMPL group exceeded that of the control by 30.61% (P < 0.01) (Table 6),
indicating enhanced growth performance of piglets.

Table 6. Effects of oral administration of EMPL in suckling piglets compared
with the control group (antibiotics) on productive performance

Parameter Control (CON) EMPL40 Pr(|t)
Piglet (1.00 - 1.50 kg) 35 35
Initial weight (kg) 1.27£0.02 1.31+0.02 0.124
Weight 24 hr (kg) 1.38+0.02 1.43+0.02 0.149
ADG 24 hr (g/day) 115.00+8.66 118.25+6.43 0.764
Colostrum intake (ml/piglet) 314.34+11.46 319.8748.71 0.702
Weight at 5% d (kg) 1.73+0.05 2.00-+0.05 <0.001
ADG at 5" d (g/day) 92.00+£6.25 132.5944.72 <0.001
Milk intake at 5" d (ml/piglet) 468.31+12.88 552.01£11.33 <0.001

Discussion

Hemp leaves and roots, often considered byproducts of cultivation, are
traditionally used for extracting phytocannabinoids through oil-based solvent
heating. Cold-pressed coconut oil or medium-chain triglycerides (MCTs) are
commonly employed as solvents, leveraging the medicinal properties of the
extracts in traditional Thai medicine (Maly et al., 2023) The incorporation of
hemp extract in oil form presents significant potential as a feed additive for
animals, particularly in enhancing immune function, reducing inflammation,
promoting intestinal health, and alleviating stress in pets. This approach aligns
with the objectives of sustainable animal husbandry by reducing reliance on
antibiotics and chemical treatments (Atalay et al, 2020; Iffland and
Grotenhermen, 2017). Hemp-derived phytocannabinoids, including cannabidiol
(CBD), exhibit therapeutic effects such as anti-inflammatory and immune-
modulating properties. Tetrahydrocannabinol (THC), present in trace amounts
(<0.3%), is associated with appetite stimulation and pain relief (Carcieri et al.,
2018). Cannabigerol (CBG) shows antibacterial and neuroprotective properties,
while Cannabichromene (CBC) and Cannabinol (CBN) offer analgesic and anti-
inflammatory benefits (Borrelli et al., 2013; Khouchlaa et al., 2024). The
mechanism of the decarboxylation process, reported by Fucak et al. (2023); and
Moreno et al. (2020) found that CBD is a pharmacologically active compound, is
derived from CBDA through decarboxylation, a process that activates the -keto
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acid pathway, cleaving the C—C bond and releasing CO», thereby converting
cannabinoids into their active forms.

The comparative phytochemical and nutritional analysis of hemp leaves and
roots revealed an inverse relationship in cannabinoid concentrations: roots
exhibited higher levels of CBDA, whereas leaves were richer in protein and
energy. The phytochemical and bioactive profiles outlined in Table 1 provide
valuable insights for optimizing the utilization of the entire hemp plant.
Additionally, Moreno et al. (2020) demonstrated that alcoholic solvents enhanced
the extraction efficiency of hemp roots compared to CPKO, as shown in
Experiment 1 (Table 2). This outcome can be attributed to the heat-dissipating
properties of CPKO, which preserve the integrity of active compounds. Two
critical factors must be considered in the extraction of phytocannabinoids from
hemp using medium-chain triglyceride (MCT) oil; first is the decarboxylation
process, in which heat or pressure causes the removal of the carboxyl group and
COy, typically at temperatures between 110°C and 130°C for 4 to 6 h. The second
is the application of high pressure, ranging from 1.5 to 2.0 MPa, in a process
known as "autoclave sterilization". This method ensures sterility and enhances
decarboxylation efficiency by breaking down cell structures, thereby improving
compound extraction (Lohmann ef al., 2019).

However, it is important to note that inappropriate temperatures can lead to
the degradation of some effective compounds. Therefore, optimizing the
temperature and duration is essential for activating raw materials before the
extraction process (Da Porto et al., 2014). Another significant consideration is the
use of MCT oil as a solvent for extracting phytocannabinoids from hemp leaves.
MCT oil acts as a stable carrier, enhancing the bioavailability and absorption of
cannabinoids. To ensure the purity of the extract, incorporating a filtration step to
eliminate residual hemp material is critical. For this purpose, it is advisable to use
cloth bags or nylon mesh to enclose the herbal materials during the extraction
process. (Reason et al., 2022; Nguyen et al., 2024). Consequently, MCT oil
emerges as an effective solvent for facilitating phytocannabinoid extraction. This
finding aligns with the research of Brunel et al. (2011), who highlights the
potential of medium-chain fatty acid triglyceride oils, such as palm kernel oil
(PKO) and coconut palm kernel oil (CPKO), in decarboxylation reactions,
suggesting promising applications in the food industry and the production of
additives in the future.

Although hemp roots contain notable amounts of CBDA, the conversion of
CBDA into its active form, CBD, indicates that the antioxidant content and
activity are significantly higher in hemp leaf extracts than root extracts. This
observation aligns with the findings of Gul et al. (2021) and Moreno et al. (2020).
However, hemp roots are rich in distinct compounds, such as alkaloids and
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triterpenoids. The lower hydroxyl group content and unique bonding patterns in
hemp roots, relative to the leaves, may explain their reduced antioxidant potential.
Hemp leaves possess a greater abundance of hydroxyl groups (-OH) attached to
aromatic rings, which greatly enhance their antioxidant capacity. These
compounds are more chemically reactive, particularly during decarboxylation,
compared to the more stable structures found in hemp roots. Kornpointner et al.
(2021) observed that phytocannabinoid levels in hemp roots are either absent or
present in minimal quantities, thus contributing to their distinct applications.
However, using alcohol as the extraction solvent yielded the highest
concentrations of friedelin and epifriedelinol, with values ranging from 0.205
mg/g DW to 0.059 mg/g DW. Similarly, Jin et al. (2020) reported that air-dried
hemp roots analyzed after 24 h showed a CBD ratio of 1:2. In contrast, freeze-
dried roots consistently exhibited higher epifriedelinol content compared to those
dried using heat-based methods. They also suggested that a reduction in friedelin
and epifriedelinol content may be due to drying temperatures exceeding 45°C for
more than 30 minutes, as well as extended post-harvest drying. This finding
implies that inappropriate drying temperatures and prolonged storage negatively
impact triterpenoid levels. However, no significant differences were found
between ethanol, hexane, and CO> extraction methods compared to conventional
triterpenoid extraction techniques. Nevertheless, ethanol proved to be the most
efficient and environmentally sustainable option for extracting friedelin and
epifriedelinol from hemp roots. In addition to phytocannabinoids, hemp leaves are
rich in other bioactive compounds, such as terpenes, including myrcene,
limonene, pinene, and linalool, which are known for their anti-inflammatory and
antimicrobial effects. The terpene concentration in hemp leaves is higher than in
roots, as leaves produce terpenes primarily for defense against herbivores and
insects. In contrast, the roots generate lower terpene levels, focusing on protection
from soil-borne fungi and bacteria (Booth et al., 2020; Tomar et al., 2021).
Flavonoids, including quercetin, kaempferol, and apigenin, act as potent
antioxidants, aiding in the reduction of inflammation and protection of cells from
oxidative stress. These flavonoids are more abundant in leaves, as they serve
photosynthetic functions, whereas roots, though also containing flavonoids,
utilize them mainly for defending against soil microorganisms (Palazzolo et al.,
2020; Farag and Kayser, 2015). This observation aligns with the phytochemical
analyses that compared hemp leaves and roots, as illustrated in Table 1.
Decarboxylation is a key process in phytocannabinoid extraction from
hemp, converting inactive cannabinoid acids into biologically active forms,
notably CBD and THC. These cannabinoids are valuable for livestock energy
supplements, particularly for piglets, which require high energy for growth and
health. Citti et al. (2018) showed how this process transforms CBDA and THCA
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into CBD and THC. Lima et al. (2022) found that activated cannabinoids support
metabolism, reduce stress, and enhance immune function in animals. Integrating
phytocannabinoids with fats or medium-chain fatty acids into energy supplements
provides absorbable energy, promoting piglet growth and mitigating oxidative
stress (Miranda-Cortes et al., 2023). The factors influencing the decarboxylation
of hemp leaves and roots highlight the solvent role of CPKO. Hemp leaves
exhibited higher TPC and antioxidant capacity compared to roots, attributed to the
removal of carboxyl groups (-COOH) from acidic phenolics during
decarboxylation. This process in leaves enhances neutral cannabinoids and
reactive phenolic hydroxyl groups, increasing antioxidant reactivity through
potential hydrogen bond formation. In contrast, hemp roots, with simpler
polyphenolic structures and fewer conjugated double bonds, show minimal
transformation during decarboxylation, maintaining structural stability (Moreno
et al., 2020).

The phenolic compounds in hemp roots exhibit greater stability compared
to the more reactive phenolics found in hemp leaves. According to Gul et al.
(2021), while hemp root extracts contain lower levels of polyphenols than those
derived from leaves, they provide unique bioactive components, including
alkaloids and triterpenoids. The structural simplicity of the compounds in hemp
roots—characterized by fewer hydroxyl groups and distinct bonding patterns—
plays a key role in their resistance to alterations caused by decarboxylation. In
contrast, the phenolic compounds in hemp leaves, such as flavonoids and lignans,
have a higher abundance of hydroxyl (-OH) groups attached to aromatic rings.
This feature not only enhances their antioxidant properties but also increases their
structural complexity. The positioning of hydroxyl groups at the ortho or para sites
in flavonoid molecules further facilitates radical scavenging, which explains the
superior antioxidant activity of hemp leaf extracts. These characteristics make
hemp leaves particularly suitable for phytocannabinoid extraction due to their
intricate phenolic structures and enhanced hydrogen-bonding potential.

The control factors for raw material preparation, such as drying and
grinding, before the activation process, are critical steps in optimizing extraction
efficiency. The consistency of these findings with those of Olmos et al. (2022)
suggested that slow drying methods for raw material preparation (Challa et al.,
2021) and particle size reduction to less than 0.5 mm for milling or sieving (Ko
and Hughes, 2019) are essential steps before solvent extraction. This study
determined that a ratio of 12% hemp leaves to CPKO was optimal, corroborating
the work of Carcieri et al. (2017), who reported a 10% ratio for cannabis flower
extraction using olive oil. During extraction, the packing method of hemp leaves
was given particular attention to the packaging method, in which cloth bags were
employed to contain hemp leaves, facilitating efficient waste filtration and
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sterilization. This approach enhances material distribution and sterilization,
consistent with the findings of Olmos et al. (2022). The activation of raw materials
is a critical step in the extraction process, and various methods, such as prolonged
low-temperature heating or ultrasonic stimulation, can promote decarboxylation.
In this experiment, raw materials were sterilized at 121°C for 21 minutes in an
autoclave, ensuring effective activation under controlled pressure and
temperature. Both the raw materials and the cloth bags underwent sterilization
before the activation process. The study found a statistically significant interaction
(P<0.01) between the proportion of hemp leaves to CPKO and the heating
duration on extraction outcomes. A ratio of 12% hemp leaves to CPKO, heated at
110°C for 4-6 h, produced the highest antioxidant content and activity, supporting
the findings of Fudak et al. (2023). The optimal temperature range for extraction
was determined to be between 110°C and 120°C, with activation times of 2 to 6 h
in a hot air oven. Specifically, heating at 110°C for 6 h significantly enhanced the
decarboxylation process, increasing the total CBD content in hemp leaves by more
than 38% compared to the 4 h heating duration.

The prototype product, EMPL, containing 25-29% phytocannabinoid
extract in CPKO and formulated to include concentrations of'40% lauric acid, was
designed for oral administration. Which is an effective method of delivering liquid
nutrients to suckling piglets, allowing for precise control over nutrient and energy
intake. This approach particularly benefits a sow’s inadequate production or weak
piglets after birth (Jackman etz al., 2020). Phytocannabinoids have been shown to
reduce stress by interacting with the endocannabinoid system, thereby helping to
regulate stress responses (Hassan ef al., 2023). Additionally, their anti-
inflammatory properties support gut health, reduce inflammation, improve
nutrient absorption, and promote growth performance (Gyires & Zadori, 2016;
Toschi et al., 2020). A study by Lauridsen ef al. (2020) observed that MCFAs,
along with other energy-dense liquids, promote rapid energy uptake, facilitating
accelerated growth in piglets during the suckling phase. The antimicrobial and
energy-rich properties of lauric acid and phytocannabinoids further enhance piglet
vitality. Vodolazska et al. (2023) also highlighted improvements in intestinal
barrier integrity and microbiota modulation, leading to better health outcomes.
This increased energy availability encourages "udder-sitting" behavior, where
piglets remain close to the udder to optimize colostrum and milk intake,
supporting stronger growth and development. The aforementioned findings
support the hypothesis that EMPL, as an energy supplement, promotes growth
performance in piglets by providing readily accessible energy. Moreover, piglets
receiving EMPL exhibited improved suckling behavior, as evidenced by a
significant increase in milk intake (P < 0.01). This suggests that EMPL may
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enhance piglet vitality and responsiveness, improving their ability to stimulate and
maintain access to the sow's teats, ultimately increasing milk intake.

An evaluation of EMPL in suckling piglets demonstrated positive effects on
growth performance and improved production efficiency. To further elucidate its
impact, a comprehensive study of the blood parameters in piglets is recommended.

Phytocannabinoids were extracted from 12% hemp leaves in CPKO (crude
palm kernel oil) as the solvent. The extraction process included autoclaving at
121°C for 21 minutes under 0.11 MPa to activate the hemp materials, followed by
heating in a hot air oven at 110°C for 6 h to facilitate decarboxylation and
extraction. The resulting EMPL emulsion was formulated to contain 25-29%
phytocannabinoid extract in CPKO, with adjustments made to achieve a 40%
lauric acid content by incorporating triglyceride oil and lauric acid powder.
Improved milk consumption, weight gain, and growth rates during the suckling
period were observed in piglets that were orally administered the EMPL
supplement.
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Simple Summary

Pre-weaning mortality is a persistent challenge in pig production, particularly among
low-birth-weight piglets from hyper-prolific sows. To support early growth and survival,
this study evaluated a medium-chain triglyceride emulsion (MCTE) and its derivatives sup-
plemented with hemp-derived phytocannabinoids (MCTE-P) or with both phytocannabi-
noids and monolaurin (MCTE-PM). Compared with antibiotic prophylaxis, emulsion-
supplemented piglets showed faster growth, greater colostrum and milk intake, and
reduced mortality. MCTE-PM shows clearer benefit in reduced diarrhea-related deaths,
improved blood parameters, and alleviated aggressive suckling behaviors such as teat
competition and facial lesions. These findings suggest that MCT-based emulsions, particu-
larly MCTE-PM, represent promising nutritional alternatives to antibiotics for improving
neonatal piglet health and welfare.

Abstract

This study aimed to evaluate the effects of medium-chain triglyceride (MCT) emulsions
enriched with hemp-derived phytocannabinoids, with or without monolaurin, on neonatal
piglet growth, health, and behavior. Trial 1 used an augmented factorial design with 75 sows
and 1063 piglets to compare a baseline MCT emulsion (MCTE) with a phytocannabinoid-
supplemented emulsion (MCTE-P) at low or high doses against toltrazuril control. All
MCT emulsions improved key performance indicators such as weight gain and survival
rates compared to the control group. In particular, live-born piglets at 24 h in the MCTE-P
groups showed significantly greater body weight gain and colostrum intake compared with
controls (p < 0.05). While overall pre-weaning mortality rates were similar across groups,
the incidence of diarrhea- and starvation-related deaths was significantly lower in MCTE-P
piglets (p < 0.05). Based on these results, Trial 2 involved 36 sows and 509 piglets assigned
to three groups: low-dose MCTE-P (the optimal regimen from Trial 1), low-dose MCTE-P
supplemented with monolaurin (MCTE-PM), and a toltrazuril control. Both MCTE-P and
MCTE-PM improved average daily gain at weaning relative to the control group. MCTE-
PM showed the lowest pre-weaning mortality (14.3%) and diarrhea-related deaths (0.86%),
compared with 29.4% and 10.4% in controls, respectively (p < 0.05). Hematological analyses
indicated that eosinophil percentages were lowest in the MCTE-PM group (p < 0.05), while
serum total protein and globulin concentrations remained elevated in emulsion-treated
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piglets (p < 0.001). Behavioral assessments of 108 low-birth-weight piglets showed pro-
longed latency to first suckling in emulsion-treated groups, while teat competition and
facial lesion scores, reflecting aggressive interactions, were reduced compared with controls.
Opverall, these findings demonstrate that MCT emulsions supplemented with phytocannabi-
noids and monolaurin improved growth and survival in neonatal piglets, especially those
of low to medium birth weight, and highlight their potential as nutraceutical alternatives
to antibiotic prophylaxis in swine production.

Keywords: medium-chain triglycerides; phytocannabinoids; monolaurin; neonatal piglets;
antibiotic alternatives

1. Introduction

Pre-weaning mortality remains a critical challenge in modern swine production, aris-
ing from multiple causes such as crushing, inadequate milk intake, diarrhea, and gas-
trointestinal infections [1]. This issue has become more pronounced with the rapid ge-
netic selection for hyper-prolific sows, producing litters of more than 16 piglets and over
30 weaned piglets per sow each year. While these advances have increased productivity,
they have also led to a higher incidence of low-birth-weight piglets (<1.20 kg) [2], which
are particularly vulnerable due to limited energy reserves, reduced thermoregulation, and
slower access to the udder [3]. Consequently, pre-weaning mortality rates can exceed
20% in hyper-prolific breeds, compared with only 10-12% in conventional lines [4]. This
high mortality is strongly associated with the limited viability of low-birth-weight piglets,
highlighting the critical role of early nutrition. Since colostrum and sow’s milk are the
exclusive nutrient sources for neonatal piglets, sufficient energy intake during the first days
of life is essential for survival [5,6]. To address this challenge, nutritional supplementation
strategies, particularly with medium-chain triglycerides (MCTs), have been proposed to
provide rapidly absorbable energy that supports early growth and reduces mortality in
low-birthweight piglets [7,8].

Medium-chain fatty acids (MCFAs) and their derivatives exert multiple beneficial
effects in swine [9]. Among these, medium-chain triglycerides (MCTs) are rapidly absorbed
and metabolized, providing readily available energy to neonatal piglets with limited glyco-
gen reserves, supporting thermoregulation, intestinal development, and early growth. In
addition to their energetic role, MCTs—particularly those enriched with lauric acid (C12)
and its derivatives—exert important antimicrobial, antiviral, and immunomodulatory ef-
fects in swine [10-13]. Studies in swine have demonstrated that low-level supplementation
with MCTs can stabilize gut microbiota, support intestinal integrity, and reduce gastroin-
testinal disturbances across different production stages [9,14]. For example, a 2% dietary
blend of caproic (C6:0), caprylic (C8:0), and capric acids (C10:0) in equal ratios inhibited
porcine epidemic diarrhea virus (PEDV), improved intestinal morphology, and reduced
viral load, thereby enhancing growth performance and mitigating PEDV infectivity [15].
Similarly, there have been reports on the use of calcium laurate (C12-Ca) at approximately
1 g/kg feed, which improved feed efficiency, increased gastric acidity, reduced diarrhea,
and attenuated inflammation and oxidative stress, thereby demonstrating beneficial effects
at relatively low supplementation levels [16,17]. By contrast, higher levels of lauric acid
have been associated with strong antiviral activity, including suppression of PEDV, along-
side improvements in feed efficiency and reductions in diarrhea incidence [18]. At even
greater concentrations (~60%), lauric acid and its monoglyceride monolaurin have been
shown to activate G-protein coupled receptor 84 (GPR84), thereby stimulating cytokine
signaling and leukocyte activity, and ultimately enhancing innate immune responses [13].
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These findings suggest that low and high doses of lauric acid-based MCT formulations
confer distinct but complementary benefits, ranging from gut microbiota stabilization to
immune activation, supporting their application as nutraceutical alternatives to antibiotic
prophylaxis in swine production.

Phytocannabinoids are a group of lipophilic bioactive compounds derived primarily
from hemp (Cannabis sativa). Their lipophilic nature underlies their biological activity
and contributes to their interaction with cellular membranes and signaling pathways [19].
Functionally, phytocannabinoids exhibit antioxidant and anti-inflammatory effects by in-
hibiting lipoxygenase activity, stabilizing radical intermediates, and reducing free radical
reactivity, thereby mitigating oxidative stress and attenuating inflammation at the cellular
level [20-22]. In addition, their interactions with cannabinoid receptors modulate immune
responses, supporting gut integrity, nutrient absorption, and systemic immunity [23,24].
These components collectively enhance gut integrity, nutrient absorption, and systemic
immunity, outcomes that are reflected by increased mean corpuscular hemoglobin con-
centration, elevated serum total protein and globulin, and reduced eosinophil counts [14].
Due to their fat-soluble properties, oil-based formulations serve as an effective medium
to improve the stability and bioavailability of phytocannabinoids [23]. When included in
medium-chain triglyceride (MCT) emulsions, Phytocannabinoids may enhance the ener-
getic function of MCTs and their positive impact on the growth and survival of neonatal
piglets. Based on this rationale, it was hypothesized that phytocannabinoid-enriched MCT
emulsions would improve early growth and immunity, and that the addition of monolaurin
would further reduce mortality through antimicrobial effects. These considerations suggest
that MCT-based emulsions incorporating phytocannabinoids, with or without additional
monolaurin, represent a promising nutritional approach that warrants investigation as an
alternative to antibiotics in pig production.

Therefore, this study aimed to evaluate the effects of MCT-based emulsions enriched
with phytocannabinoids and monolaurin on growth performance and health indicators,
including serum biochemical parameters, pre-weaning mortality, and diarrhea incidence,
in suckling piglets.

2. Materials and Methods

The current study was carried out at the farrowing and lactation unit of Wilaiporn
Farm, Nakhon Sawan Province, Thailand. All experimental procedures, including animal
care and management, were reviewed and approved by the Naresuan University Animal
Care and Use Committee (ACUC; approval number 67 01 002, 9 July 2024).

2.1. Medium-Chain Triglyceride Emulsion Formulations

Three medium-chain triglyceride (MCT) emulsions were used in this study. The base-
line formulation of MCT emulsion (MCTE) was developed under a registered petty patent
by Naresuan University, Thailand (Application No. 2503000945).To generate derivative
formulations, the phytocannabinoid-enriched emulsion (MCTE-P) was prepared by incor-
porating extracts obtained from 12% hemp leaves into crude palm kernel oil through a
controlled 6-h heating process [20,25]. The cannabinoid profile of the extract was 0.168%
cannabidiol (CBD), 0.083% cannabidiolic acid (CBDA), and 0.017% tetrahydrocannabi-
nol (THC). The total THC content was well below the 0.2% legal threshold, ensuring
the formulation was non-psychoactive and compliant with Thai safety regulations. A
second derivative, MCTE-PM, was produced by supplementing MCTE-P with glycerol
monolaurate (monolaurin).
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All emulsions were manufactured under standardized procedures, and their fatty acid
composition, chemical characteristics, quality parameters, and microbiological safety were
verified by a certified analytical laboratory (Table 1).

Table 1. Fatty acid and chemical composition of medium-chain triglyceride emulsions (MCTE,
MCTE-P, and MCTE-PM) used in Trials 1 and 2.

Item ! MCTE MCTE-P MCTE-PM
Fatty acid composition (g/100 g)
Caproic acid (C6:0) 0.09 0.09 0.09
Caprylic acid (C8:0) 1.38 1.26 1.12
Capric acid (C10:0) 1.37 1.25 1.21
Lauric acid (C12:0) 33.94 4142 41.23
Medium-chain fatty acids (MCFA) 36.80 44.04 43.67
Myristic acid (C14:0) 5.97 5.93 5.48
Palmitic acid (C16:0) 7.62 9.08 8.22
Stearic acid (C18:0) 1.43 1.45 1.42
Arachidic acid (C20:0) 0.16 0.19 0.15
Behenic acid (C22:0) 0.07 0.09 0.07
Lignoceric acid (C24:0) 0.07 0.08 0.06
Saturated Fatty acid (g/100 g) 52.10 60.84 59.05
Palmitoleic acid (C16:1n7) 0.05 0.05 0.05
Trans-9-Elaidic acid (C18:1n9-t) 0.03 0.06 0.05
cis-9-0leic acid (C18:1n9-c) 13.21 14.92 13.81
cis-11-Eicosenoic acid(C20:1n11-c) 0.13 0.15 0.12
Nervonic acid (C24:1n9) 0.03 0.05 0.04
Monounsaturated fatty acid (g/100 g) 13.46 15.12 14.08
cis-9,12-Linoleic acid (C18:2n6) 7.31 7.71 7.04
gamma-Linoleic acid (C18:3n6) 0.03 0.04 0.03
alpha-Linoleic acid (C18:3n3) 0.40 0.59 0.48
cis-11,14-Eicosadienoic acid (C20:2) 0.06 0.03 0.03
Arachidonic acid (C20:4n6) 0.01 0.01 0.01
Polyunsaturated Fatty acid (g/100 g) 7.66 7.59 7.38
Unsaturated fat (g/100 g) AT 22.42 21.64
Omega 3 (mg/100 g) 442.00 498.42 482.64
Omega 6 (mg/100 g) 7358.63 7761.14 7478.79
Omaga 9 (mg/100 g) 13,242.06 14,270.29 12,841.89
Chemical composition
Ash 0.12 0.12 0.10
Calories from Fat (kcal/100 g) 661.59 788.94 748.78
Carbohydrates (g/100 g) <0.01 <0.01 <0.01
Fat (g/100 g) 7351 87.65 82.42
Water Content (%) 15.23 15.42 15.32
Iodine Value (%) 47.85 41.89 42.30
Peroxide Value (mEq Peroxide/kg) 3.7 4.73 523

1 MCTE = baseline MCT emulsion; MCTE-P = MCTE supplemented with phytocannabinoids; MCTE-PM =
MCTE-P further supplemented with monolaurin.

2.2. Animals and Experimental Design

The study was conducted with crossbred piglets (Landrace x Landrace x Duroc),
which were born to multiparous sows (parity 3—-6). Two trials were conducted to evalu-
ate the efficacy of MCT emulsions as oral supplements in neonatal piglets. Trial 1 was
designed to compare the efficacy of a baseline MCT emulsion (MCTE) with that of a
phytocannabinoid-supplemented emulsion (MCTE-P), while also determining the most
effective oral dosage (low vs. high). Trial 2 employed the optimal formulation and dosage
identified in Trial 1 to assess further the additional effect of monolaurin supplementation
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Oral

(MCTE-PM). Both trials compared results with a reference group of piglets receiving stan-
dard antibiotic prophylaxis. The experimental timeline, including three critical timepoints,
is illustrated in Figure 1.

Newborn 24 hr 3-5 day 18 day Weaned

/ / /

s W | (3 L [ ] A I
H.J L] &/ L] ] &/ | ’
toltrazuril 2 ml toltrazuril 2 ml toltrazuril 2 ml

(A1 A 1 1 A1 >
= & 1 1 /|

3.5ml 3.5ml 3.5ml

/Al A 1 L A1 >
- & 1 1 Cay

3.5ml 6.5 ml 6.5 ml
st (8-12hours 2 nd (3-5days 4 (18days
1 postpartum) postpartum) 3 postpartum)

administration

Figure 1. Piglet supplementation schedule showing three critical timepoints: early neonatal (8-12 h),
early postnatal (3-5 days), and pre-weaning (1618 days) periods.

In Trial 1, seventy-five multiparous sows were randomly allocated into five treatment
groups (15 L per group), producing 1063 piglets (average litter size: 14.17 piglets per
sow). Oral supplementation was administered at three critical physiological stages: 8-12 h
postpartum to address immediate energy needs and hypoglycemia risk, days 3-5 during
rapid growth and immune maturation, and days 1618, preceding weaning, to assess
sustained effects on peak growth and pre-weaning health status. Creep feed was withheld
for the first 10 days postpartum to isolate the effects of the oral supplement. The trial
employed an augmented factorial design (2 x 2 + control), with two factors: (A) emulsion
formulation (MCTE vs. MCTE-P) and (B) dosage regimen: low dose (3.5 mL at each of the
three administrations) and high dose (3.5 mL at the first, followed by 6.5 mL at the second
and third administrations). The control group (CON) received oral toltrazuril at 100 mg
per piglet (2 mL of a 5% solution, 50 mg/mL, Toltrazuril 5%) at all three time points [26].
This design enabled assessment of formulation efficacy, dose dependency, and interactions,
with the control serving as the reference for standard antibiotic prophylaxis.

In Trial 2, thirty-six multiparous sows (parity 3-6) were randomly allocated into three
treatment groups, yielding 509 neonatal piglets. Oral supplementation was administered at
three timepoints aligned with Trial 1: the first within 8-12 h after farrowing, the second on
day 5, and the third on day 18 postpartum. The trial followed a completely randomized design
with three groups: (1) a control group (CON) receiving oral toltrazuril at the same dosage as
in Trial 1 (100 mg per piglet, 2 mL of a 5% solution), (2) piglets supplemented with 3.5 mL of
MCT emulsion containing phytocannabinoids (MCTE-P), and (3) piglets supplemented with
3.5 mL of the same emulsion further enriched with monolaurin (MCTE-PM).

Both trials included growth, intake, survival, and blood profile measurements, while
Trial 2 incorporated behavioral observations to extend the assessment of treatment efficacy.

2.3. Productivity and Health Measurements

Productivity and health measurements were collected from piglets born to multiparous
sows (parity 3—6) across both trials to ensure consistency in reproductive and lactational
performance. Assessments included:
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(1) Piglet performance—litter size at birth, number of live-born piglets, and litter size at
5,14, and 18 days postpartum.

(2) Piglet body weights at 24 h, 5, 14, and 18 days of age, measured with precision digital
scales (£0.01 g) by Blavi et al. [27], Chisoro et al. [28], Peltoniemi et al., [29].

(3) Health outcomes—pre-weaning mortality rate, recorded from birth to 24 h and
throughout the suckling period, with incidence and causes of death documented.

(4) Nutritional intake—colostrum and milk intake per piglet, calculated using validated
equations for suckling piglets adapted by Miguel et al. [30]; Thongkhuy et al. [31].

Colostrum intake (mL/piglet) was calculated as: CI = —106 + 2.26 WG + 200 BWp
+0.111 D — 1414 WG/D + 0.0182 WG/BWB, where WG is piglet weight gain over 24 h
(g), BWBs is birth weight (kg), and D is the duration of colostrum suckling (min). The
colostrum yield of the sows was defined as the sum of individual colostrum consumption
by all piglets in the litter.

Individual milk intake (MI, g/d) was calculated as: MI = (Milk for maintenance) +
1.168 x Gain + 0.00425 x Gain?, where milk for maintenance was set at 317 g/day for days
3tob.

2.4. Hematological and Biochemical Assessments

At 18 days old (8-12 h after the final treatment), piglets weighing 4.5-5.0 kg were
randomly chosen from each experimental group for blood sampling. In Trial 1, ten piglets
per group were sampled (total # = 50), while in Trial 2, eight piglets per group were sampled
(total n = 24). Blood samples (3—4 mL) were drawn from the cranial vena cava using 18 G x
1.5-inch needles into EDTA tubes and kept at 4-8 °C immediately. Within 30 min, samples
were centrifuged at 3000 ¢ for 10 min at 4 °C to separate plasma, which was stored at
—20 °C within 24 h before lab analysis.

A complete blood count (CBC), including erythrocyte, leukocyte, and platelet param-
eters, was performed using an ABX Pentra 60 Hematology Analyzer (Horiba, Grabels,
France) to assess hematological profiles [32,33]. Plasma protein profiles, comprising to-
tal protein, albumin, and globulin concentrations, were quantified using standardized
biochemical assays following veterinary clinical pathology guidelines [34]. Total protein
concentration was determined using the Biuret method [35], while albumin was measured
by an optimized bromocresol green binding assay on a PKL PPC 125 Automatic Chemistry
Analyzer (Pokler Italia, Modena, Italy) [36]. Globulin concentration was calculated as the
difference between total protein and albumin.

2.5. Mortality and Welfare-Related Assessments

Data collection in both trials extended beyond productivity measures to obtain a com-
prehensive understanding of piglet welfare, including mortality classification, behavioral
observations, and physical indicators. Mortality was recorded and categorized to identify
underlying causes of death, while additional behavioral and physical assessments were per-
formed in Trial 2 to explore potential factors contributing to survival and early-life health.

2.5.1. Mortality Classification

In both trials, mortality events were systematically documented and classified ac-
cording to a framework adapted from established protocols in previous studies [16,25,37].
Mortality events were recorded immediately upon discovery. Deaths were categorized into
four principal causes based on established clinical and observational criteria:

(1) Milk starvation—characterized by emaciation and milk deprivation, evidenced by
frothing at the mouth and severe wasting.
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(2) Weak state—referring to piglets that died due to poor vigor and chronic weakness,
typically manifested as small body size, visible skeletal structures, or ongoing disease.

(8) Crushing—diagnosed when piglets were found flattened beneath the sow with dis-
tinctive purplish swelling at compression sites.

(4) Diarrhea—identified by persistent enteric distress, including yellow staining around
the anus, fecal contamination, and malodor.

All cases were recorded immediately upon discovery to ensure accurate documen-
tation. This classification provided important insights into the predominant causes of
mortality in neonatal piglets and served as a foundation for extending the investigation to
behavioral aspects in Trial 2.

2.5.2. Behavioral and Lesion Assessments

Following observations in Trial 1 that suggested behavioral factors may contribute
to mortality risk, additional behavioral assessments were incorporated into Trial 2. For
this purpose, eighteen litters containing piglets with low birth weights (1.20-1.50 kg) were
selected, and a total of 108 piglets (6 per litter; 36 per treatment group) were included in
the behavioral study:. Each piglet was individually marked with a 2 x 3-inch neo tape tag
placed on the back to allow accurate identification and monitoring. Behavioral data were
recorded using overhead video cameras positioned 1.8-2.0 m above the sow pens, and
observations were evaluated during the first five days postpartum.

Behavioral evaluations were conducted at two postpartum periods: during the initial
8-12 h after birth and again at 3-5 days postpartum. The assessments were categorized
into three domains:

(1) - Suckling frequency (SF), defined as the number of approaches each piglet made to the
sow’s udder within a two-hour period after treatment [22].

(2) Latency to first suckling (LFS), measured as the time interval (minutes) from release
after supplementation until the piglet successfully suckled, providing an index of
neonatal vigor and colostrum acquisition [21].

(3)  Teat competition and establishment (TOE), quantified by recording the frequency
of aggressive interactions or attempts to secure a teat within the same two-hour
window [38].

In addition to behavioral indicators, facial lesion scoring (FLS) was used as a physical
measure of social competition. Lesions were evaluated daily between 10:00 and 12:00 h
from day 1 to day 5 postpartum. A four-point scoring scale was applied, where 0 = no
visible lesions, 1 = minor scratches (<5 marks), 2 = moderate lesions not covering the entire
face, and 3 = severe or extensive wounds affecting much of the facial area. Representative
scoring criteria are illustrated in Figure 2. The scoring method was adapted from protocols
described by Thongkhuy et al. [31] and Zhang et al. [15].

Score 0: Score 1: Score 2: Score 3:

no visible lesions minor scratches moderate lesions not severe or extensive
(<5 marks) covering the entire face wounds affecting much
of the facial area

Figure 2. Grading scale for facial lesion scores (0-3) in neonatal piglets, with 0 = no visible lesions,
1 = minor scratches, 2 = moderate lesions, and 3 = severe or extensive wounds.
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2.6. Statistical Analysis

Data analysis was conducted using the General Linear Model (GLM) procedure in SPSS
version 26 (IBM Corp., Armonk, NY, USA) to evaluate the effects of emulsion formulations
relative to antibiotic control. Data were first tested for normality (Shapiro-Wilk test) and
homogeneity of variance (Levene’s test) to confirm the validity of parametric analyses. To
account for potential variation arising from differences in initial litter size, litter size at birth
was included as a covariate in the GLM for all relevant performance variables, including
piglet weight, average daily gain, and mortality rates.

In Trial 1, the augmented factorial design (2 x 2 + control) was examined with two
factors: (A) emulsion formulation (MCTE vs. MCTE-P) and (B) dosage level (low vs.
high), along with their interaction. The effects of treatment were subsequently analyzed
using Tukey’s Honest Significant Difference (HSD) test for pairwise comparisons upon
the identification of significant main or interaction effects. Orthogonal contrasts were
utilized to evaluate specific hypotheses: (1) control compared to all emulsion treatments
and (2) dosage effects within emulsion groups. In Trial 2, the complete randomized design
was evaluated using one-way ANOVA, with treatment as the primary effect (Control,
MCTE-P, MCTE-PM). All results are presented as means & standard error of the mean
(SEM), with statistical significance defined at p < 0.05.

3. Results

3.1. Trial 1: Effects of MCT Emulsion Formulations and Dosage Levels on Piglet Growth
Performance, Colostrum and Milk Intake, and Hematological Parameters

3.1.1. Piglet Performance

In Trial 1, the augmented factorial design evaluated two primary factors: Factor A ex-
amined emulsion formulations (MCTE vs. MCTE-P), while Factor B assessed dosage levels
(low; L vs. high; H), with a toltrazuril-treated control group serving as the reference stan-
dard. The comprehensive assessment included growth performance parameters, colostrum
and milk intake measurements, pre-weaning mortality rates, and birth weight-stratified
responses to determine optimal treatment protocols (Table 2).

At 24 h postpartum, piglets receiving MCTE-P formulations demonstrated signifi-
cantly superior weight gain in both L-MCTE-P (0.13 kg) and H-MCTE-P groups (0.13 kg)
compared with CON (0.09 kg) and H-MCTE (0.09 kg; p = 0.001), indicating enhanced early
metabolic adaptation and energy utilization. Colostrum intake reached its maximum in
H-MCTE-P (334.63 mL/piglet), significantly higher than CON (287.69 mL/piglet) and
L-MCTE (279.93 mL/piglet; p = 0.006). Statistical analysis revealed that formulation type
exerted a significant main effect (p < 0.05), while the absence of formulation x dose inter-
action (p > 0.05) confirmed that these factors operate independently, allowing for precise
optimization of both parameters.

At day 14, growth performance reached optimal levels in H-MCTE-P (170.98 g/day)
and H-MCTE group (177.06 g/day), both significantly exceeding control performance
(120.97 g/day; p = 0.010), with corresponding weight gain differentials confirming sus-
tained treatment efficacy (p = 0.001). By weaning, growth differences among groups were
less pronounced.
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3.1.2. Mortality Rate & Causes

Pre-weaning mortality rates were significantly lower in H-MCTE-P (19.69%) and L-
MCTE-P (22.65%) compared to CON (29.44%) and MCTE groups (32.69%, 35.82%; p = 0.016),
with formulation effects showing statistical significance (p = 0.001). Mortality attribution
analysis indicated significant decreases in deaths due to starvation (5.36% in H-MCTE-
P) and diarrhea (3.17% in H-MCTE-P), in contrast to CON and L-MCTE groups, which
demonstrated diarrhea-related mortality rates exceeding 8% (p < 0.05; Table 2). This
indicates that MCTE-P improved early nutrient absorption, litter integrity, and mortality
risks in piglets.

3.1.3. Hematological and Biochemical Profiles

The comprehensive hematological analysis in Table 3 revealed significant treatment-
induced alterations in erythrocyte indices and leukocyte populations among piglets re-
ceiving MCTE-P supplementation, particularly at high dosage levels. Piglets administered
H-MCTE-P demonstrated substantially elevated mean corpuscular hemoglobin concen-
tration (MCHC) and red cell distribution width (RDW) compared with control animals
(p < 0.05), indicating enhanced erythropoietic activity and improved cellular hemoglobin
synthesis capacity. The eosinophil percentages demonstrated significant decreases in
MCTE-P treated groups (p < 0.05), indicating reduced allergic and parasitic inflammatory
responses, which are associated with enhanced immune homeostasis and diminished
systemic inflammatory response.

Significantly, essential hematological parameters, such as total hemoglobin concentra-
tions, hematocrit values, and total leukocyte counts, remained within physiological range
across all treatment groups (p > 0.05), thereby affirming the safety profile of the Trial 1
formulations and suggesting that advantageous effects were achieved without impairing
baseline hematopoietic function or cellular carrying capacity.

Furthermore, biochemical profiling revealed significant treatment-related enhance-
ments in protein metabolism and immune competence indicators, with serum total protein
(TP) and globulin (GLOB) levels significantly elevated in all EMPL treatment groups com-
pared to controls (p < 0.001), achieving peak levels in H-MCTE-P and H-MCTE groups
(Table 4). However, there were no significant treatment-related changes in albumin, glucose,
and triglyceride concentrations (p > 0.05).

3.2. Trial 2: Comparative Efficacy of MCTE-P and Monolaurin-Fortified MCT Emulsions
(MCTE-PM) on Piglet Performance and Physiological Parameters

3.2.1. Piglet Performance

This trial used the optimal formulation and dosage determined in Trial 1 to further
evaluate the additional effect of monolaurin (MCTE-PM). The effects of oral administration
of medium-chain triglyceride emulsion containing phytocannabinoids, with or without
monolaurin, on the performance of suckling piglets is presented in Table 4.

During the critical 24-h postpartum assessment period, piglets receiving either MCTE-
P or MCTE-PM emulsions demonstrated significantly enhanced weight gain (0.13 kg in both
treatment groups) compared with control subjects (0.08 kg; p = 0.001). The colostrum intake
per piglet was significantly higher in both treatment groups, with MCTE-P (328.73 mL) and
MCTE-PM (336.73 mL) compared to the control group (276.76 mL; p = 0.006). There are
no significant differences in piglets at 5 days old; however, the MCTE-P group exhibits
the highest average daily gain at 14 days (p = 0.031). Finally, during weaning, piglets in
the MCTE-P and MCTE-PM groups attained the highest average daily gains of 173.67 and
172.38 g/day, significantly exceeding the control group (107.81 g/day; p = 0.043).
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Table 4. The effects of medium-chain triglyceride emulsion containing phytocannabinoids, with or
without monolaurin, on the performance of suckling piglets (Trial 2).

Parameters CON MCTE-P MCTE-PM SEM p-Value
Number of sows 12 12 12
Newborn piglets
Number of piglets 183 158 168
Litter size (piglet/sow) 15.25 13.17 14.00 0.45 0.159
Birth weight (kg) 1.35 1.26 1.34 0.03 0.459
Live born piglets (24 h)
Number of piglets 163 149 160
Litter size (piglet/sow) 13.61 12.44 13.32 0.46 0.613
Weight (kg) 1.47 1.38 1.47 0.03 0.377
Weight gain (kg) 0.08° 0.132 0.134 0.01 0.001
Colostrum intake (mL/piglet) 276.76 328.73 2 336.73 2 8.65 0.006
Piglets at 5 days old
Number of piglets 133 124 144
Litter size (pigs/sow) 11.08 10.33 12.00 0.25 0.652
Weight (kg) 1.86 1.85 1.90 0.12 0.158
ADG (g/day/piglet) 100.89 108.47 109.00 12.35 0.113
Milk intakes (mL/piglet) 523.14 527.05 514.97 523.14 0.279
Piglets at 14 days old
Number of piglets 126 122 137
Litter size (piglet/sow) 10.50 ® 10.20 ° 11.422 0.29 0.031
Weight (kg) 3.13 3.37 3.53 0.12 0.425
ADG (g/day/piglet) 107.81°€ 170.58 @ 155.57b 11.62 0.043
Weaned pigs (at 18 days old)
Number of piglets 115 114 137
Litter size (piglet/sow) 9.60° 9.50® 11.42% 0.50 0.052
Weight (kg) 4.05 4.36 4.44 0.17 0.623
ADG (g/day/piglet) 151.88 P 173.67 2 172.38 @ 9.18 0.046
Mortality rate & causes
Mortality rate (%) 29.40 2 23.632b 142 2.36 0.012
Mortality causes
Milk starvation (%) 14.40 2 9.232b 430" 1.51 0.002
Weak state (%) 1.68 3.40 1.78 0.57 0.304
Crushing (%) 7.o8s 9.30 7 7.332 1.02 0.022
Diarrhea (%) 10.40° 1705 0.86 " 111 0.001

Note: Different superscript letters (*~°) within the same row indicate significant differences (p < 0.05). SEM,
standard error of the mean; CON, antibiotic control; MCTE-P, MCTE supplemented with phytocannabinoids;
MCTE-PM, MCTE-P further supplemented with monolaurin.

3.2.2. Mortality Rate & Causes

The temporal progression of performance benefits was particularly evident in litter size
maintenance and pre-weaning mortality reduction, which directly correlates to commercial
production efficiency and economic viability. The litter size on day 14 was significantly
greater in the MCTE-PM group (11.42 piglets/sow) compared to the control and MCTE-P
groups (10.50 and 10.20 piglets/sow, respectively; p = 0.031), suggesting improved survival
rates and reduced early mortality during the critical pre-weaning period.

This survival advantage was further substantiated by the comprehensive mortality
analysis, which revealed that pre-weaning mortality over the complete 18-day lactation
period was lowest in MCTE-PM (14.27%), intermediate in MCTE-P (23.63%), and highest in
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controls (29.40%; p = 0.012), representing a remarkable 15.13% reduction in mortality when
comparing MCTE-PM to control treatment.

The mortality reduction was most pronounced for deaths attributed to diarrhea, with
MCTE-PM demonstrating exceptional protective efficacy (0.86% vs. 10.4% in controls;
p = 0.001), and starvation-related mortality (4.30% vs. 14.4% in controls; p = 0.002), support-
ing the formulation’s multifaceted protective effects against the most common causes of
neonatal piglet losses. The parameters of mortality rate and causes are presented in Table 4.

3.2.3. Piglet Behavior

Behavioral analysis indicated that piglets in the control (CON) group showed the
highest mean suckling frequency (SF), latency to first suckling (LFS), and teat order estab-
lishment (TOE) compared to both MCTE-P and MCTE-PM groups during both the initial
8-12 h and at 3-5 days postpartum (p < 0.05). Suckling frequency was significantly greater
in the CON group than in MCTE-P and MCTE-PM (p < 0.05; Figure 3A,D). The MCTE-PM
group exhibited the highest mean LES during the second feeding (16.25 min) compared to
MCTE-P (13.06 min) and control group (7.78 min; p > 0.05; Figure 3E). Aggressive teat order
behaviors (TOE) were most frequent in the CON group in the first 8-12 h but significantly
reduced in the MCTE-PM group (p < 0.05), indicating less inter-piglet conflict (Figure 3C).
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Figure 3. Behavioral responses of piglets following oral administration of experimental emulsions:
(A) suckling frequency (SF), (B) latency to first suckling (LFS), and (C) teat order establishment
(TOE) during the initial 8-12 h postpartum; and following the second administration of experimental
emulsions: (D) SF, (E) LFS, and (F) TOE at 3-5 days postpartum. Mean followed by different
superscript letters (*) from each other indicate significant differences (p < 0.05).

Daily facial lesion scores (FLS) of piglets from day 1 to day 5 postpartum are presented
in Figure 4. Lesion scores increased progressively in both the control (CON) and MCTE-P
groups, reaching their highest values on day 5 of the observation period. FLS showed a
progressive increase in both the control (CON) and MCTE-P groups, peaking on day 5 with
scores of 1.31 and 1.11, respectively. In contrast, piglets in the MCTE-PM group consistently



Animals 2025, 15, 2881

14 of 21

exhibited the lowest FLS across the experimental period, with a final score of 0.56 on
day 5. Statistically significant differences (p < 0.05) were observed between CON and
MCTE-PM on days 3, 4, and 5. The findings demonstrate that MCTE-PM supplementation
significantly alleviated facial trauma and diminished teat-related injuries in neonatal piglets
by decreasing inter-piglet aggression.

Facial lesion score
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day 1 day 2 day 3 day 4 day 5
On day 1-5 postpartum

Figure 4. Facial lesion scores of piglets from day 1 to day 5 postpartum across treatment groups.
Mean followed by different superscript letters (*°) from each day indicate significant differences
(p.<0.05).

3.2.4. Hematological and Biochemical Profiles

Hematological parameters of piglets are summarized in Table 5. Red blood cell (RBC)
counts were significantly lower in the MCTE-PM group (5.98 x 10°/uL) compared with
both CON and MCTE-P (p = 0.003). Nevertheless, all values remained within the physio-
logical reference range for weaned piglets (4.98-8.29 x 10°/uL). Mean corpuscular volume
(MCV) was significantly higher in MCTE-P (57.13 fL.) and MCTE-PM (60.50 fL) relative to
CON (52.50 fL; p = 0.008), reflecting the presence of larger, more mature red cells sugges-
tive of improved iron utilization and enhanced hemoglobin synthesis. In contrast, mean
corpuscular hemoglobin concentration (MCHC) was significantly lower in both supple-
mented groups (30.0-30.5 g/dL) compared with CON (33.0 g/dL; p < 0.001). These values
were consistent with reported ranges for healthy suckling piglets, suggesting an optimal
distribution of hemoglobin without pathological concentration. Red cell distribution width
(RDW) was also elevated in both MCTE-P and MCTE-PM groups (p = 0.009).

Regarding leukocyte profiles, a marked reduction in eosinophil percentage was ob-
served in MCTE-PM (0.25%) compared with MCTE-P (2.00%) and CON (3.75%; p = 0.002),
indicating improved immune modulation.

Biochemical analyses demonstrated that both MCTE-P and MCTE-PM significantly
elevated total protein concentrations (5.16, 5.13 g/dL) and globulin levels (1.51, 1.76 g/dL)
compared to the control group (4.00 and 0.61 g/dL, respectively; p < 0.001), while albumin
concentrations remained consistent across groups (p > 0.05).
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Table 5. Effects of low-dose medium-chain triglyceride emulsions containing phytocannabinoids,
with or without monolaurin, on hematological parameters and serum protein profiles of pre-weaning
piglets (Trial 2).

Parameters CON MCTE-P MCTE-PM SEM p-Value
Number of piglets 8 8 8
Complete Blood Count (CBC)
WBC (cell x 10*/ mm?) 1.15 1.24 1.03 0.06 0.303
RBC (cell x10°/mm?) 6.822 6.802 5.98b 0.12 0.003
Hemoglobin (g/dL) 11.83 11.66 11.06 0.28 0.536
Hct (%) 36.00 39.13 36.25 0.88 0.284
Platelet count (cell x 10*/mm?) 60.65 55.88 44.89 3.49 0.170
MCV (fL) 52.50 P 57.132 60.50 2 1.12 0.008
MCH (pg) 17.38 17.25 18.63 0.31 0.131
MCHC (g/dL) 33.002 30.00 b 30.50 b 0.33 <0.001
RDW (%) 16.54 P 19.65 2 20.132 0.55 0.009
Neutrophil (%) 35.75 30.88 35.75 2.69 0.712
Lymphocyte (%) 54.13 59.50 57.88 2.83 0.746
Monocyte (%) 6.38 7.63 6.13 0.40 0.265
Eosinophil (%) 375 2.00b Q25° 0.44 0.002
Biochemical tests
Total protein (g/dL) 4.00° 5116 2 oSy 0.15 <0.001
Albumin (g/dL) 3.39 3.65 3.36 0.07 0.155
Globulin (g/dL) 0.61° 1.512 1.76 2 0.14 <0.001

Note: Different superscript letters (*~°) within the same row indicate significant differences (p < 0.05). SEM,
standard error of the mean; CON, control group; MCTE-P, medium-chain triglyceride emulsion supplemented
with phytocannabinoids; MCTE-PM, MCTE-P further supplemented with monolaurin; MCV, mean corpuscular
volume (femtoliters, fL.); MCH, mean corpuscular hemoglobin (picograms, pg); MCHC, mean corpuscular
hemoglobin concentration (grams per deciliter, g/dL); RDW, red cell distribution width (%).

4. Discussion

This study evaluated the effects of medium-chain triglyceride (MCT) emulsions en-
riched with phytocannabinoids, with or without monolaurin, on neonatal piglet growth,
health, and survival. Two consecutive trials were conducted to assess performance relative
to conventional antibiotic prophylaxis.

In Trial 1, the efficacy of MCT emulsions was evaluated by comparing a baseline
formulation (MCTE) and a phytocannabinoid-enriched formulation (MCTE-P) with a
standard toltrazuril group. As shown in Table 2, piglets receiving either MCT emulsion
performed comparably or better than the antibiotic control. This highlights the metabolic
advantage of MCTs, which provide rapid, efficient energy through direct absorption into
the portal vein, supporting thermoregulation, gut maturation, and immune function in
neonatal piglets [7,8]. In addition, lauric acid, a major constituent of these emulsions, is
known to exert broad-spectrum antimicrobial activity, which can support gut health [39].
This is complemented by its antiviral effects against pathogens such as porcine epidemic
diarrhea virus (PEDV) [13]. These properties support neonatal health and survival, and
piglets receiving phytocannabinoid-enriched emulsions (MCTE-P) showed better outcomes
than controls (Table 2). Both low-dose (L-MCTE-P) and high-dose (H-MCTE-P) groups
showed significantly greater body weight gain within the first 24 h postpartum, highlighting
improved early nutrient utilization and vigor. Notably, colostrum intake was highest in the
H-MCTE-P group, which likely enhanced passive immunoglobulin transfer and contributed
to sustained growth benefits [14,15].

Mortality analyses showed that overall pre-weaning mortality did not differ signifi-
cantly among most groups; however, the H-MCTE-P group recorded a significantly lower
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total mortality rate (19.69%) compared with the control (29.44%). Importantly, cause-specific
analyses revealed that piglets receiving either low- or high-dose MCTE-P had markedly
fewer deaths from diarrhea and milk starvation relative to controls. These reductions
can be explained by the complementary actions of lauric acid, a principal component of
MCT emulsions, and phytocannabinoids. Lauric acid exerts direct antimicrobial effects by
disrupting pathogen membranes and strengthening gut barrier integrity [10,15,40] thereby
limiting enteric infections and improving nutrient utilization. In parallel, phytocannabi-
noids modulate systemic inflammation and enhance immune responsiveness through
endocannabinoid pathways [23,41], helping piglets resist infection and tolerate early-life
stressors. Together, these mechanisms may have contributed to reducing the susceptibility
of MCTE-P piglets to diarrhea- and starvation-related mortality. By contrast, crushing
mortality was significantly higher in the H-MCTE-P group than in controls, a finding
possibly linked to increased activity and competition for teat access; this phenomenon is
further addressed in the behavioral analyses of Trial 2.

Hematological and biochemical analyses further supported the functional advantages
of MCTE-P supplementation. Both low- and high-dose MCTE-P piglets exhibited reduced
mean corpuscular hemoglobin concentration (MCHC) and elevated red cell distribution
width (RDW), reflecting active erythropoiesis and improved erythrocyte turnover consistent
with enhanced growth performance. In addition, serum total protein and globulin con-
centrations were significantly higher in MCTE-P groups compared with controls (Table 3),
indicating improved passive immunity through more efficient colostrum absorption [35,42].
Eosinophil percentages were also markedly reduced in both MCTE-P groups, particularly
in the high-dose group, suggesting diminished systemic inflammation and better immune
regulation. These results align with the antimicrobial and gut-stabilizing effects of lau-
ric acid [7,15] and the anti-inflammatory properties of phytocannabinoids [35,41], which
together contributed to improved immune competence in neonatal piglets. Accordingly,
these findings show that both low- and high-dose MCTE-P benefited piglets compared
with controls, particularly by enhancing immune responses and reducing diarrhea-related
mortality. However, as overall mortality reduction was similar between regimens and
the high-dose posed practical challenges, the low-dose MCTE-P was chosen for further
evaluation in Trial 2.

Building on this rationale, Trial 2 was designed to confirm the efficacy of the low-
dose MCTE-P regimen alongside a monolaurin-fortified formulation (MCTE-PM). The
addition of monolaurin, a lauric acid ester with established antimicrobial activity, was
intended to enhance efficacy while maintaining practical feasibility for routine administra-
tion. In terms of growth performance as shown in Table 4, both MCTE-P and MCTE-PM
improved average daily gain (ADG) at weaning relative to controls, confirming the benefits
observed in Trial 1. These gains were accompanied by trends of greater early weight gain
and enhanced colostrum intake, which likely improved passive immunoglobulin trans-
fer and supported sustained growth [43]. Such outcomes reflect more efficient nutrient
utilization and metabolic optimization during the most vulnerable period of piglet de-
velopment [41,44]. The addition of monolaurin significantly impacted survival outcomes.
MCTE-PM achieved the lowest pre-weaning mortality (14.27%) compared with both the
control group (29.40%) and MCTE-P (23.63%) (Table 4). Diarrhea-related deaths, which
represented a major cause of early mortality, were reduced dramatically from 10.4% in con-
trols to only 0.86% in the MCTE-PM group (p < 0.001). These results support the synergistic
activity of lauric acid and monolaurin in limiting pathogen proliferation and preserving
gut barrier function, alongside the immunomodulatory role of phytocannabinoids in re-
ducing inflammatory burden [28,45]. As in Trial 1, however, crushing mortality remained
higher in emulsion-treated groups than in controls, suggesting that increased vigor and
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competitiveness may have offset some of the survival gains. To address this possibility,
behavioral outcomes were specifically assessed in Trial 2.

Behavioral assessments provided further insight into the higher crushing mortality
observed in emulsion-treated piglets. Among 108 low-birth-weight piglets, those supple-
mented with MCTE-PM displayed notably calmer behavioral patterns (Figure 3). Latency
to first suckling was prolonged relative to controls, yet teat competition and aggression
were markedly reduced, as evidenced by lower rates of teat disputes and significantly
reduced facial lesion scores (0.56 on day 5) (Figure 4). These findings indicate that MCTE-
PM facilitated more orderly access to the udder and diminished social stress, which may
mitigate some of the risks associated with increased vigor and competitiveness in supple-
mented piglets [38,46]. From a production perspective, the reduction in aggressive suckling
behavior is particularly advantageous in systems where teeth clipping is not practiced, as it
minimizes injury and improves welfare while supporting efficient colostrum intake. Thus,
while increased energy supply may elevate competition in some contexts, the addition of
monolaurin appeared to balance this effect by promoting calmer suckling behavior and
reducing harmful interactions [7].

Hematological and biochemical profiles in Trial 2 further supported the survival
advantages observed with emulsion supplementation (Table 5). Eosinophil percentages
were lowest in the MCTE-PM group (p < 0.05), indicating reduced systemic inflammatory
activation and improved disease resilience [47]. At the same time, serum total protein
and globulin concentrations remained elevated in both MCTE-P and MCTE-PM piglets
compared with controls (p < 0.001), consistent with enhanced passive immunity acquisition
through improved colostrum intake. These effects align with the immunomodulatory ac-
tions of phytocannabinoids and the antimicrobial properties of monolaurin and lauric acid,
reinforcing the reductions in diarrhea-related mortality seen in treated groups [42,46,48,49].

Taken together, these results identify MCTE-PM as the most efficacious formulation,
combining the rapid energy supply of MCTs, the anti-inflammatory and immunomodu-
latory actions of phytocannabinoids, and the antimicrobial activity of monolaurin. This
synergistic approach provided measurable improvements in growth, survival, immunity,
and behavior, highlighting its potential as a nutraceutical alternative to conventional an-
tibiotic prophylaxis in sustainable swine production systems [18,50-53]. Nonetheless, the
trial was limited to the pre-weaning period (18 days), excluded microbiota analyses, and
may not fully predict commercial-scale outcomes. Future work should focus on gut micro-
biome analysis and improving formulation stability and spray-drying methods to enable
large-scale application and practical adoption in commercial farms.

5. Conclusions

This study demonstrated that medium-chain triglyceride emulsions provided overall
performance comparable to antibiotic prophylaxis in neonatal piglets. Supplementation
with phytocannabinoids (MCTE-P) further reduced diarrhea-related mortality to levels
significantly lower than the control group. Moreover, the monolaurin-fortified formulation
(MCTE-PM) consistently showed the greatest efficacy, with significantly improved average
daily gain at weaning, enhanced hematological and immunological profiles, and lower
overall mortality rate, primarily resulting from a marked reduction in diarrhea-related
deaths. In addition, piglets receiving MCTE-PM displayed reduced aggressive suckling
behaviors, including lower teat competition and facial lesion scores. These findings sug-
gested that MCT-based emulsions, particularly MCTE-PM, are promising nutraceutical
alternatives to antibiotics for enhancing piglet health, welfare, and survival in commercial
swine production.
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6. Patents

Thailand petty patent application (No. 2503000945) was filed on 14 March 2025 for the
invention related to this research. The title of the invention is “Medium-chain fatty acid
oil powder formula containing Phytocannabinoid extract and glycerol monolaurate and
production method” The inventors are Wandee Tartrakoon, Rangsun Charoensook, and
Adisak Kongkeaw. All rights to this invention are owned by Naresuan University.
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read and agreed to the published version of the manuscript.

Funding: This research was funded by the Fundamental Fund (FF) 2024 (grant number R2567B039)
from Naresuan University and the National Research Council of Thailand (NRCT), Ministry of Higher
Education, Science, Research and Innovation (MHESI), Thailand.

Institutional Review Board Statement: The study protocol was reviewed and approved by the
Naresuan University Animal Care and Use Committee (NUACUC; reference no. 67 08 802, 9 July
2024). The pig farm was Good Agricultural Practice (GAP) certified by the Department of Livestock
Development, Thailand (Certification Number: GS 02-6403-60-200-060068 GAP), ensuring compliance
with standardized animal husbandry and welfare protocols.

Informed Consent Statement: The PT.R. Farming Industrial Co., Ltd., and all the authors of this
manuscript agreed to participate in the research.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Acknowledgments: The authors sincerely thank N Feed Plus Co., Ltd., Bangkok, Thailand, for
permission to use the additive production unit to prepare prototype products for use in trials. This
study was conducted at a commercial pig farm operated by P.T.R. Farming Industrial Co., Ltd.
(Wilaiporn Farm), located at Takhli District, Nakhon Sawan, Thailand.

Conflicts of Interest: The authors W.T., R.C., and A.K. are named as inventors on the Thailand petty
patent application (as described above) covering the formula medium-chain triglyceride emulsions
designed for animal nutrition and is derived from a blend of vegetable oils (palm kernel, rice bran,
palm, and soybean), providing a balanced source of medium-chain fatty acids. The patent rights are
owned by Naresuan University, and the invention has not been licensed for commercial purposes.
The other authors declare no conflicts of interest. The funders had no role in the design of the study;
in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision
to publish the results.

Abbreviations

MCTE Medium-Chain Triglyceride Emulsion

L-MCTE Low Dose Medium-Chain Triglyceride Emulsion

H-MCTE High Dose Medium-Chain Triglyceride Emulsion

MCTE-P Medium-Chain Triglyceride Emulsion Supplemented with Phytocannabinoids
L-MCTE-P  Low Dose Medium-Chain Triglyceride Emulsion with Phytocannabinoids
H-MCTE-P  High Dose Medium-Chain Triglyceride Emulsion with Phytocannabinoids
MCTE-PM  Medium-Chain Triglyceride Emulsion with Phytocannabinoids and Monolaurin

MCFA Medium-Chain Fatty Acids
MCT Medium-chain triglycerides
PKO Palm Kernel Oil

MCHC Mean corpuscular hemoglobin concentration
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