Fuenavil R25598067

Feynilgaduanyinl

g Y o w \ 3
Tasens ﬂ’l?ﬁﬂ‘i‘fr“ii]‘f/lﬁ“ﬁé)Q‘l«!"l‘éﬂ!@’i@&l’ﬁ“&!ﬂ‘c’]Lbﬁu“iﬂq‘iﬁﬂﬂfﬁﬂ Cumrinum cyminuim

Linn. wae Heracleurn siamicum Craib lun1sfudenisiasyveuaiitienalsaan

[IMI M F]

oy o o ot

ANy Cht]
1. IAATABGR 6ILETUAT MATEIRATIIMB AT RAINE
AaIneadaasnsuwnd NNNEIaEUSARS
, o 4w o L =] £a d
2. HA.AT.UAY V9ATRYY griTuvaluladdnnw ancineendad
& of o
WA VI8 Buaild

3. el. Wan, ns.fugouz deanaudd nndedaall aasdveradnintsuwng

UMINEIRIULTAS

stlusulng

UUTEINILEURAY WINEE LSS AALS

Ysuuszan 2560



A

s

Exeacutive summary

nu&l.y £ LI . -y o od 4 o ‘% PRI I o
TeilainegusvaninIuveNTEINTNGTS nsERR NNV IUNNTAL auwuaiiBunelin
d
NG wu*wmanme)mul,mm,auamcm@ﬁqm% wmwﬂm'seméﬂ%ﬂmnmmﬂwaf\mum
3’1 Y 6] ] o o
'vsﬁnw\ﬁ‘mﬁuﬁmLﬁtﬁu’a"omuwam g NQ‘V&DUU‘?J@LL‘UWVIL‘a‘élﬂéﬂiﬂL‘IJ'S%’;‘UU‘VVNMHE]’\‘VI’W
ﬂwjmmﬁmumwm a yiia e B. cereus, 5. aureus, E, coli waz S. Typhi ﬁ'\uuwamm‘wau
qm‘é#’hu B. cereus 19\@‘%4';3?1 a@ﬁﬂ*sznemvummmmaqwmﬂm'um'\ sflapwmailn GC-MS ua
TLC-bioautograph uandlyitdiudin Vishimouse umeBnsilosdusenauves cuminaldyhyde W
S4AUTENBUVEAN ﬂa»‘aﬁmm‘vmaﬂwsLumwuuw,mﬂwLimnmawm‘wm 4 wiln Vsfuviey
d 1 aw & Lo o u LY P
'ss\,‘vmaws'mﬁnsm'mLun'vau'm'lLm‘ﬂumwmmwmnai‘mLusswwmmumm's WATENHNSH
° o E . e ot el i T . .
draniddumaianlunnsnuaasnns iomandsnasldarmaiiluniausueIs ASANED
' ' v @ a2 w e9 g ¥ o P/ y e
paty u'm::agqmumnzﬂﬂmwmmﬂ“ﬂstumu'mwau‘sxmm waSnASE 100 lNNSATULUANIY

sepngaaAUsZN U Fiwulaninsiuvenssmey



Abstract

Background: Cuminum cyminum L., commonly known as cumin, has been traditionally used
in Thai traditional medicine and traditional food flavoring. The present study investigated the
chemical composition, antimicrobial activity against all tested major food-borne pathogenic
bacteria, and bioactive components of essential ol extracted from Cuminum cyminum L.

collected in Thailand.

Methods: The main components of the essential oil were investicated by €as
chromatography-mass spectrometry (GC-MS) technique. Antibacterial activities against
Bacillus cereus, Staphylococcus aureus, Escherichia coli, and Salmonella Typhi were
investigated by disc diffusion and microditution method. The presence of the biologically
active antibacterial components was also confirmed by the Thin-layer chromatography

(TLO)-bioautography.

Results: The main components - of the essential oil investigated by GC-MS were
cuminaldehyde (27.10%), beta-pinene (25.04%) and gamma-terpinene (15.68%). The
essential oil exhibited antibacterial activity against Bacillus cereus, Staphylococcus aureus,
Escherichia coli and salmonella Typhi. The essential oil showed the strongest antimicrobial
activity against B. cereus with a comparable inhibition zone to tetracycline. Thin-layer
chromatography (TLC) confirmed the presence of biologically active antibacterial component
in the essential oil against all tested food-borne bacteria. It is further demonstrated that
cuminaldehyde was the most active compound in TLC-bioautography which inhibited all of

tested bacteria.

Conclusions: Essential oil extracted from Cuminum cyminum L. exhibited antibacterial
activity against all tested major food-borme pathogenic bacteria. Cuminaldehyde is a major
bioactive cornponent. Our results suggest that the essential oil extracted from Cuminum

cyminum L. could be applied as an alternative natural preservative 10 control food-borne

disease and have the potential for further development of new antibacterial agents.
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1. qunsolwSesiiotnenmand srsisadeuazaisial
1.1 gunsafiefadiomeing e
1) ﬂgwaﬁmﬁﬂﬁwamsmm
- Heating mantle %o LabHEAT
- Condenser
- Clevenger apparatus
_Round bottorn flask 2@ 5,000 ml 8t SCHOTT DURAN
_ ety Bve Bosstech
2) ynafin Soxhlet
 Heating mantle 89 LabHEAT
- Soxhlet
- Condenser
- Round bottom flask
- \sasiarmBu. Bosstech
3) quﬂé"mzwmma%?nggmm (Rotary evaporator)
- BUCHI Rotavapor R-205
- BUCHI Vacuum Controller V-800
- BUCHI Heating Bath B- 490
- BUCHI Recirculating Chiller  B-740
4) Autoclave B0 Daihan Scientifie
5) Advanced bio Safety Cabinet- Class I
6) Incubator fva Termaks
7) §ou 50°C fivio Termaks
8) Autopipette
un 20-200 il e Elnripipette J1 140550083 Made in Fintand
aunm 100-1000 pl Bv¥e Discovery comfort Ju 040561623
9) Multi Channel Pipette (8 channels) YU 30-300 ul f%a Thermo scientific
y3um Finnpipette
10) Microtiter platte 96 well @%@ Thermo scientific, Denmark
11) Microcentrifuge tube w1 1.5 ml

12) Tube 8% NEST wim 15 ml



13) Vortex 8% MS1 Minisshaker IKA”
14) \3esds 4 fuvils METTLER TOLEDO §u AG 285
wiaeda 2 fuvnl METTLER TOLEDO §u PGB02-S

15) Waterbath, Memmert
16) Cork borer (duimguEna1wIIA 5 mm
17) Cotton swab
18) Loop
19) Tip

10) Forceps

21) Weighing boat

22) Vernier caliper

23) amuwnzdona ain

24) aanvinany Yun 16x150 ml

25) pylisuaanagan

26) McFarland Standard No. 0.5 8% BioMerieux” SA, France

27) NFTAYNTBI Whatman wes1 an 90 mm, English

28) Glass slides Made in China

29) Syringe Filter vy 0.45 um fivo Whatman'

30) Syringe

31) ndosganssetl OLYMPUS, Japan

32) Immersion oil

33) nzandniaud
1.2 ensiisadeuazansad

1) Mueller Hinton Agar (MHA) B0 TMMEDIA

2) Mueller Hinton Broth (MHB) f0 TMMEDIA

3) Trypticase Soy Agar (TSA) fvfa TMMEDIA

4) Brain Heart Infusion broth (BHB)

)
)
)
5) Motility-Indole-Lysine medium (MIL)
6) MacConkey broth %8 MERCK
7) TCBS agar

8) Starch agar

9) Triple sugar iron agar (TSI), MERCK

10) Simmon’s Citrate Agar



11) p-lodonitrotetrazolium chloride

12) Tetramethyl-p-phenylenediamine dihydro-chloride

13) Ethanol

1.3 wuaiisevndey

Bacillus cereus, Staphylococcus aureus, Salmonella sp. Shigella sp., Escheriachia

coli
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JuW 1 Separation of Cuminum cyminum L. essential oil on TLC and its antibacterial effects

against Bacillus cereus DMIST 5040 (b), Staphylococcus aureus DIVIST 8840 (c) and
Escherichia coli DIVIST 4212 (d) Salmonella Typhi DMIST 5784 (e)
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Abstract

Essential oil from Cuminum cyminum L. collected in Thailand was investigated for its
chemical composition, antimicrobial activity and bioactive components. The main components
of the essential oil of Cuminum cyminum L. investigated by gas chromatography-mass
spectrometry technique were cuminaldehyde (27.10%), beta-pinene (25.04%) and gamma-
terpinene (15.68%). The essential oil extracted from Cuminum cyminum L. exhibited
antibacterial activity agairxs’c all tested major food-borne pathogenic bacteria, Bacillus cereus,
Staphylococcus. aureus, Escherichiq coli and Solmonella Typhi. The essential oil showed the
strongest antimicrobial activity apainst B. cereus with a comparable inhibition zone to
tetracycline. Thin layer chromatagré?x%iy ‘(TLC) confirmed the presence of biologically active
antibacterial cormponent in the essential o’ii jfr‘qrrm Curninum cyminum L. against all tested food-
borne bacteria. It is further demonsirated "thé*é cgmifnaldehyde was the most active compound
in TLC-bioautography which inhibited all of tested bactm;ia. Our result suggests that the
essential oil from Cuminum cyminum L. could be applied as an alternative natural preservative
to control food-borne disease and have the potential for ‘if‘urk’cher development of new

antibacterial agents.
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1. Introduction

Food-borne pathogens are considered as one of most common cause of illness and
death in developing countries where Escherichia coli, Staphylococcus aureus, Salmonella spp.,
Bacillus cereus, Yersinia spp and Clostridium spp have been identified as the agents of food
borne pathogenic bacteria (1). These bacieria cause food-borne outbreaks in various foods such
as dairy products, vegetables, meat, and fish products. In this situation, herbal essential oils are

attracting interest as natural food preservaiives and antimicrobial agents (2).

Herbal medicine has been widél‘y used over the decades with people relying on their
local knowledge remedies. Therapieé' involving natural compounds have shown promising
potential to use as antimicrobial products “K%L%t the efficacy of many of natural compounds
remains unclear. C. cyminum L. (cumin) is a common herb that belongs to the family of
Umbelliferae. The seeds are one of the most popular spices which used in many curry pastes for
food flavoring in Asia and other regions of the world. It ls widely used in the traditional
healthcare system for treatment of chronic diarches, hyp@rter\’sicm,. toothaches, scorpion bites,
gastrointestinal disorders (3). Thai traditional medicine uses the seed as carminative for
digestion, flatulence, gas, bloating and diarrhea. The C. cyminum L. essential oil has been
reported as an interesting source for antioxidant, antifungal and antibacterial compound which

can be used for food preservative and Tor medical treatment (4, 5).

The aim of the present study is to investigate the chemical composition and bioactive

component of essential oil of Cuminum cyminum L., commonly used in Thai traditional

Journal of Complementary and Integrative Medicine
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medicine and traditional food flavoring, by using thin layer chromatography (TLC)-
bioautography. Their respective antibacterial activities against food-borne bacteria, namely
Bacillus cereus, Staphylococcus aureus, Escherichia coli and Salmonella Typhi were investigated

by disc diffusion and microdilution method.
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2. Materials and methods

2.1 Plant sample and essential oil extraction

Seeds of Cuminum cyminum L. were collected in Chiang Mai, Thailand in December
2017. The seeds were authenticated at Faculty of Science, Maejo University, Chiang Mai,
Thailand and deposited as a voucher No. 2560-01. The essential oil of the seeds was prepared
by hydro-distillation. The dried seeds (1,000 g) were ground using domestic blender and placed
in a distillation apparatus containing 3,000 mL of distilled water and hydro-distilled. The oil was

collected after 6 hours of distillation and stored in an amber bottle at -20°C.

2.2 Bacterial strains

Bacillus cereus DIVIST 5040, Sz‘ap}iylocg}ccux aureus DVIST 8840, Escherichia coli DMST
4212 and Salmonella Typni DMST 5784 were :(k)b‘i’ained from Depariment of Medical Sciences
Thailand. The bacteria were subculivred onto Brain Heart Infusion agar (BHA) at 37°C for 24 h

before further investigation.

2.3 Antibacterial susceptibility test
2.3.1 Disc diffusioi agai

The bacterial suspension was adjusted to achieve the turbidity of 0.5 McFarland
standard. The bacterial suspension was inoculated onto Mueller Hinton Agar (MHA) by using
cotton swab. Ten microliters of undiluted essential oil was impregnated in a sterile disc (6 mm
diameter) and placed the disc on the surface of the inoculated plate. Zone of inhibitions were

observed afier incubation at 37°C for 24 h,
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2.3.2 Determination of minimal inhibitory concentration (MIC)

National Commitiee for Clinical Laboratory Standards (NCCLS) was applied for
identification and evaluation of MIC. The test was performed in 96-well microtitre plate.
Different concentrations of the essential oil ranged from 0.5 — 512 mg/ml. The plate was
incubated at 37°C for 24 h. MIC was reported as the lowest concentration in which microbial

growth did not occurred.

2.3.3 Determination of minimal bactericidal concentration (MBC)
In order to assess MBC, all wells with no visual growth of bacteria from MIC assay were
cultured on MIHA then incubated at 37°C for 24 h. The lowest essential oil concentration, in

which bacteria did not grow, was reported as MIBC.

2.4 Gas chromatography-mass s;oec*‘cmmei:fy(ﬁ&MS) analysis

The chemical composition of the essential oil was analyzed using GC-MS. The analyses
were performed on a Agilent Technology apparatus (GC 6890, USA) equipped with a Hewlett
Packard mass selective detector (VS 5973, USA) and HP-5IMS 30m % 0.25 1D x 0.25 wm film
thickness column (HP-5MS, USA). Oven temperaiure program was set to the following

conditions:
70°C (0-3 min)
70-188°C (3°C/min)
188-280°C (20°C/min)

280°C (3 min)

Journal of Complementary and Integrative Medicine
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carrier gas: helium
gas flow rate: 1 ml/min

injection volume 1 pl (10 pL of essential oil was diluted with 490 pL dichloromethane)

VIS was connected 1o GC through transfer line which set the temperature at 150°C, and
jon source temperature was 230°C. identification of compound was confirmed by Wiley 275

and NIST98 library.

2.5 Thin layer chromatographic (TLC) separation and bioautography for detection of
antibacterial activity

TLC was performed on silica gel 66?254 plate (Merck, Germany). The assential oil was
loaded in duplicate 0nto the TLC plates and mn with a mixiure of toluene/ethyl acetate (97:3)
solvent system. The TLC plates were then dried for 15 min and the bands were exarnined under
ultra violet light (245 nim), the first plate was kept as a reference plate. The second TLC plate
was overlaid with BHA containing the bacteria under investigatio’h and incubated at 37°C for 24 -
h. inhibition zone was observed by spraying 19% of nitrotetrazoliurm <ali on the TLC plate. The
plate was then incubated at 37°C for 5 min, clear zone of inhibition with purple background
zone was presented. The spot on the first TLC plate, which showed the strongest antibacterial

activity component, was marked and scraped off separately for GC-MS analysis. (3)
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3. Resulis and discussion

The in vitro antibacterial activities of Cuinum cyminum L. essential oil were analyzed
for susceptibility by agar disc diffusion and microdilution method against major bacterial food-
borne pathogen. Antibacterial aciivities were expressed as MIC and MIBC values (Table 1). The
oil exhibited antibacterial activity against all the Esacteri;x investigated. In addition, B. cereus Was
the most sensitive to essential oil with a comparable inhibition zone 1o tetracycline. Previous
antimicrobial studies in cum'm‘ showed strong antibacterial activity of the plant. Naveed et al.
(6) reported that cumin was activ’\ée agamst s. Thyphi and Bacillus licheniformis. Wlostafa et al.

reported moderate antibacterial sctivity against S aureus (7).

The chemical composition of Curm’ynur‘n; cyminur L. essential oil was analyzed by GC-MS.
There were 16 identified components (Table 2), among which cuminaldehyde (27.10%) was
major a component, followed by peta-pinene (25.(‘)1‘.‘%)" and gavmﬁa&erpinene (15.68%). Our
finding was similar to a report (Bettaieb et al,, 2010) tnat shovwed’v cuminaldehyde (22.29%) was
the first major component from indian cumin but Tunisian cumin showed a lower content of
cuminaldehyde (15.31%). In contrast, cumin collected in iViorocco, gamma—terpinen was the.
major component (4) and curnin collected in fran was reporied with alpha pinene as d main
composition of the essential oil (8). This suggests thal geagraphical origing with different
climatic and geographic conditions such as temperature, rain fall and numidity may have some
effect on differences in chemical profile, concentration of the essential oil and their biological

activities.
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TLC autobiography analysis showed that the Gram-positive bacteria (B. cereus DVIST
5040 and S. aureus DVIST 8840) and the Gram-negative pacteria (E. coli DIVIST 4212, S. Typhi
DMST 5784) prévided similar visible antibacterial inhibitory Zones {figure 1b, €, d, e) at identical
positions (Ry 11.4) (figure 1a). The bioactive band at Ry 11.4 was extracted from the TLC plate
and analyzed by GC-MS. The chromatogram of the bioactive pand showed a major peak of
retention time at 17.17 win which was revealed as cuminaldehyde (figure 2). According i"o the
GC-MS analysis, cuminaideh‘yde was the main component of the Cuminun cymipum L. essential
oil. Presence of the zone:‘o"rc ’i.rs“nibi"cion at the same Ry value in the extract showed antimicrobial

activity against all bacteria investigated.

The zone of inhibition o'oservé"d EW this compound supgests that it may be used as an
antibacterial agent. However, the e'ﬁ"eci“of minor components should also be taken into
consideration since synergistic antibacierial \ié”f“fécts‘af compaonents may have occurred. The
antimicrobial activity of the essential oil is generally regarded to be the result of the main
components, However, minor components may a\s&hdh‘wibu‘ce to the biological activity
through a synergistic effect or an independent action. Th’e “a‘ntimicrobial activity of cumin
essential oil is most likely atiributable to the high level of cumiﬁaldehyde (27.1%), a compound
known for its antibacterial activities (6) and to peta pinene, the other main component

(25.04%) of cumin essential oil, which is also kown to inhibit the pacterial growth {9).
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4, Conclusion

in conclusion, our study demonstrates that essential oil extracted from Cuminum
cyminum L. exhibited antibacterial activity against all tested major food-borne pathogenic
bacteria, B. cereus, 5. aureus, E. coli and S. Typhi. The essential oil had the strongest
antimicrobial activity against B. cereus. The oil components wWere investigated by GC-MIS and
the antibacterial active component was examined by TLC-bioautography- It is clearly
demonstrated that, found pr’esevnjt cuminaldehyde, found present in Curninum cyminum L., isa

major bioactive component that exhibits antibacterial activity against all bacieria tested.

The essential oil from Curnipum C;}}ﬁ'irlL!rrl 1 could be used for therapeutic purposes as
the potential antibacterial agents against 'food~§30rf1e pacieria. It could be used as natural
alternative preservative to control food poisom'ﬁg‘ diééases oi to preserve food, thus avoiding
health hazards of application of chemical preservatives. Further studies need to focus on the
mode of antibacterial action of thie oit components and potential synergism of the oil

components should be further investipated. Although the essential oil is known o be safe, this

cannot be assumed for individual corn sonents. Therefore, the cell ¢ totoxicity assa of all active
¢

components should also be subjected to further worlk.
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TLC autobiography analysis showed that the Gram-positive bacteria (B. cereus DMST
5040 and S. qureus DVIST 8840) and the Gram-negative pacteria (E. coli DIVIST 4212, S. Typhi
DMST 5784) prbvided similar visible antibacterial inhibitory Zones (figure 1b, €, d, e) at identical
positions (Ry 11.4) (figure 1a). The bioactive band at Ry 11.4 was extracted from the TLC plate
and analyzed by GC-MS. The chromatogram of the bioactive band showed a major peak of
retention time at 17.17 min which was revealed as cuminaldehyde (figure 2). According to the
GC-MS analysis, cuminaldehyde was the main comporent of the Cuminum cyminum L. essential
oil. Presence of the zone to‘"’r' Vivﬁ%”tibé‘tior\ at the same Ry value in the extract showed antimicrobial

activity against all bacteria investigated.

The zone of inhibition Gbsewéd by ’fi‘;NS compound suggests that it may be used as an
antibacterial agent. However, the e'ffect;(o,'f“minor components should also be taken into
consideration since synergistic antibacierial .é'ﬁ“é»cts‘af componenis may have occurred. The
antimicrobial activity of the essential oil is generally regarded 1O be the result of the main
components. However, miplor components may alsdcbh“’cr’ibute to the biological activity
through a synergistic effect or an independent action. The 'éyitjn\icrobial activity of cumin
essential oil is most likely attributable to the high level of cumiﬁaldehyde (27.1%), a compound
known for its antibacterial activities (6) and to peta pinene, the other main component

(25.04%) of cumin essential oil, which is also known 10 inhibit the bacterial growth (9).
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4, Conclusion

In conclusion, our study demonstrates that essential oil extracted from Cuminuim
cyminum L. exhibited antibacterial activity apainst all gested major food-borne pathogenic
bacteria, B. cereus, S. aureus, E. coli and 5. Typhi. The assential oil had the strongest
antimicrobial activity against B. cereus. The oil components Were investigated by GC-MS and
the antibacterial active cormponent was examined by T 1 C-bicautography. It is clearly
demonstrated that, found present cumninaldehyde, found present in Curninum cyminum L., isa

major bioactive component that exhibitsf'am%bacteria\ activity against all bacteria tested.

The essential oil from Cuminum‘cyrﬁinum L. could be used for therapeutic purposes as
the potential antibacterial agents against 'feodébome pacteria. 1t could be used as natural
alternative preservative to control food poismﬁ‘ng. d’iééases of o preserve food, thus avoiding
health hazards of application of chemical presewa‘tives.Furﬂier <tudies need to focus on the
mode of antibacterial action of the off components and potenﬁa’! synergism of the oil
components should be further investpated. Although the essent%é\ oil is known to be safe, this
cannot be assumned for individual cornponents. Therefore, the cell cytotoxicity assay of all active-

components should also be subjected to further work.
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TLC and its antibacterial effects

g cyminuim L. essential oil on

¢ Figure 1. Separation of Cumin

o against Bacillus cereus DMIST 5040 (b), Si‘aphylococcus qureus DVIST 8840 (c) and Escherichia

coli DMST 4212 (d) salmonello Typhi DIVIST 5784 ()
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Figure 2. TLC chromatograim obtained by GC-MS of antibacterial active component of Cumninum

cyminum L. essential oil

A. Cumninum cyminum L. essential oil
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B. Cuminaldehyde, an
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tibacterial active cormponent of Curnipurn cyminum L. essential oil
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