Iranian Food Science and Technology . @ . . ICIRT
Research Journal g ) olnl 1aé @luo g ple Slpdagly @y

Vol. 18, No. 4, Oct- Nov. 2022, p. 415- 426 el ik FAD-FYS. 0 1+ LT — oo F 0,les A Wl
Homepage: http://ifstrj.um.ac.ir
Full Research Paper

Investigation of the functional groups of bioactive compounds, radical scavenging
potential, antimicrobial activity of Trigonella foenum aqueous extract “in vitro”

Hediyeh Yousefipour{2, Mohammad Amin Mehrnia™{, Behrooz Alizadeh Behbahani?(2,
Hossein Jooyandeh®, Mohammad Hojjati®

Received: 2021.09.05

Revised: 2021.10.30

Accepted: 2021.11.13
Available Online: 2023.01.04

How to cite this article:

Yousefipour, H., Mehrnia, M. A., Alizadeh Behbahani, B., Jooyandeh, H., Hojjati, M. (2022). Investigation of the
functional groups of bioactive compounds, radical scavenging potential, antimicrobial activity of Trigonella foenum
aqueous extract “in vitro”. Iranian Food Science and Technology Research Journal. 18 (4), 415-426.

Abstract

Introduction: Herbs and spices, which are essential part of the human diet, have been used in traditional medicine to
increase the flavor, color, and aroma of various foods and food products. Herbs and spices are also known as preservative,
antioxidative, and antimicrobial agents. Plant extracts and their components with pathogen-growth suppression effect and
little toxicity to host cells could be considered as excellent candidates for developing new antimicrobial agents. Trigonella
foenum- graceum is an annual herbaceous plant with bright yellow and sometimes purple-white flowers. Therapeutic
effects of this plant include analgesia, anti-cancer, and treatment of diabetes by lowering blood sugar and lowering blood
lipids. In ancient Egypt, this plant was used to embalm the dead and incense. The seeds of the plant are used to treat
leprosy, hemorrhoids, and relieve bronchitis. The seeds of this plant contain various compounds such as vitamins, amino
acids, saponins, fatty acids, and flavonoids. The antimicrobial and antioxidant effects of T. foenum have been detrmined
byvarious studies. This study was therefore aimed to produce the T. foenum extract and evaluate its antioxidant and
antimicrobial properties.

Materials and methods: Fifty g of powdered plant was added to 250 mL of water and stirred for 72 h. The solution
was passed through the Whatman filter paper and then centrifuged at 3000 rpm for 10 min to discard the suspended solids.
Next, a vacuum evaporator was used to remove the excess water and the obtained extract was packed and kept away from
light at 4 °C. Total phenol and flavonoid contents were measured by colorimetric methods. The antimicrobial effect of
the extract on Escherichia coli, Enterobacter aerogenes, Staphylococcus aureus, Bacillus cereus and Candida albicans
was evaluated using disc diffusion agar (DDA), well diffusion agar (WDA), minimum inhibitory concentration (MIC)
and minimum bactericidal /fungicidal concentration (MBC/MFC) methods. Interaction of aqueous extract and
Chloramphenicol and Amphotericin B was also evaluated. Antioxidant effect of the extract was determined by ABTS,
DPPH, and B-carotene/linoleic acid bleaching assay. Fourier-transform infrared spectroscopy (FTIR) was also used to
identify the functional groups.
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Results and discussion: Total phenol and flavonoid contents of the extract were 46.60 mg GAE/g and 37.57 mg
QE/qg, respectively. The aqueous extract also showed antioxidant effects of 60.55, 55.53 and 50.40%, based on DPPH,
ABTS methods and B-carotene/linoleic acid assay, respectively. T. foenum aqueous extract had the inhibitory effect on
all examined microorganisms, at all concentrations (20, 40, 60 and 80 mg/mL). The antibiotic effect of chloramphenicol
for E. coli, E. aerogenes, S. aureus and B. cereus was 13.30, 14.50, 18 and 19.10 mm, respectively, and the effect of this
antibiotic for C. albicans was not measured. Also, the antibiotic effect of amphotericin B for C. albicans was 15.10 mm.
Furthermore, the interaction of T. foenum aqueous extract with the antibiotic chloramphenicol presented a synergistic
effect on the examined bacteria and led to a significant increase in inhibition zone diameter. Additionally, the interaction
of the extract with antibiotics showed a synergistic effect on C. albicans. In infrared spectrum, peaks at 3370, 2965, and
1613 cm* were related to stretching vibration of O-H, C-H, C=C bonds of aromatic ring and aromatic groups of T. foenum
aqueous extract. In general, the extract of T. foenum could be used as a natural antioxidant and antimicrobial agent in food
and pharmaceutical industries.

Keywords: Aqueous extract of Trigonella foenum, Antimicrobial properties, Antioxidant properties, Total phenol and
flavonoids.



Iranian Food Science and Technology . . . T oo
Research Journal g( ) = ol lis gl 3 pole sleeddgy & s
Vol. 18, No. 4, Oct- Nov. 2022, p. 415- 426 Tt A FAO-FYS. 0 1F+) LT — oo oF o,lous VA ol

23St Sl g (S8 Il abls dbon) Ol 5 ele glaey 8 )

SS09, ki 5 (Trigonella foenum) aldes i o las

i&;'::.v- .\w—ro.\}.’gf W—Yé% o.:‘};.LF j};@a. —':E:'Y\é}.@.a w‘.\w _\Jﬁ:dé""ﬁ ada

ISRV SR E

VA A 1 KOS s
VEC LYYy st
LRV
Oig3 cnl 53 gycnl sl bl ol ial Lo puiliol g baolas 3l oslitul 4 oles (63t (09)Sembid Sl 5 g o annS | 5l coms I3 s 4 0 5al
B o pgial 5 JSidalS (laSogn 3l b ojlas (iiSeny 5 (29)Swens (SlumSl il (ol llis olS ol ojlas JS 155536 9 Js 3
P ko F¥IE+ L plp ojlas S J5id (e 85 51,8 adlllas 390 4398 i & ywig 3 (riwiish bwgs (o ojlas Jale (glaog ) (pizman b (g
oo o9y ¥ 3 o)las ShanI il clld e g2 0)las £S5 ot 3eS S e YVIOY b plyy JS a859M lie g ojlas )5 ) sl SYI
xSy gy g (el Sigis =5 lgiligsn ST —F) GrarsiaiY 5 Y ST U0l Jlae ey edailien — S —ditis —) o) T IS,
29,5005 Copols (Sl allid oS (ol ojlas 45 W3S e (yizman g 403 B-/F e 5 QOO F-/0D b il 5 el Sgid — 5 S

Escherichia Coli (slapusls)lsSeo w3 1) iy S B o igiel o JSubol )5 slocSigu ol b ojlas (iiSanyy 5 039 (055
oo allis ol il oylas <005l Sl oLis Candida albicans 4 Bacillus cereus Staphylococcus aureus Enterobacter aerogenes

IS 155 Mb g Jtb ¢ ST 5T Cools ¢ g Sints cullad calilis o ojlac 1 gaMST oW03l4

& jaw L;lmol_&,'mf]uﬁi b g o Sl 31 s @ Lol il
(Aknhtar et al., 2018) wlosds (3Kl b glgil b OluS 5 oyl
o ol 2138 w25 Sl Cniere 14 jlase (LS 5 Loyl
b g ylac sl 9 (oo dl.ms)b O‘}Z&é\g PIRLY slaglo; 5l easl
;YL wx‘o 9 )Ja.c » 09M$ A’?"‘,UA odlaswl L;JIA_C J|9A 2 gi}) 9
sl Shy 5 SIS Cosls W 4 laael 5 sl lals
Babuskin ) aib e oad ablis 15 (09,Sue 1 g (Sls] ]
el s gl aluS s 9 alS clao)lac (et al., 2014
S8 o o S 5 o3l 5, 51 5ol st (ool
OoyaS Cap owlio S Wb Gl sla Jolw g5y &
olS cilisee slaisu )3 dlge (pl Ml oo (29)Seers slag)ld

(B @lio g o ple 0aSiily (e @lio (udin g pole 09,5 lutils =Y
Ol (B (i j B ando e g (59liS ple oIl
‘u.:l.\.c é:l.uo 9 unl.) P}LC ouslisly “fl..\.c é_:L..o (sWARe 9 P?’LC a3)§ bl -¥
Ol (B (Gl j B ando e g (5)9liS ple oIl
Email: Mehrnia@asnrukh.ac.ir : Jgue oxi g — #

DOI: 10.22067/IFSTRJ.2021.72348.1092

EVRTT)
o oleddy Gl OIS (ot (S (Sode slaslen
ol > gl ggskee OY Sl iy Spe 4 oxie wlll o5 5y,
Caxioo 50 Ll dga:;u_u‘ @ldsd il And dw g e
@ e (29550 Cunglia g (e ST a5 oS Mg (glug)l>
Ul laigS S0 (g 5l sl 05 lngyls ol i 51 inlS
29039 (ool W9 o0 Wy Jshe pudplie ) &S 5]
Sl bl )3 Wi g sl SS9 s 4 ool aoes
der j oSl sl j osslid L) LB g sl
@ 55 ol ol 3l seSsle 3 st 5 anb slaplaeS] ]

pole 0uSiils (23 plio (puiiae g pole 09,5 byl (wlid)S sl -
(G liwji b gl 5 (55)9liS pole olStily (ol @lio y (b
Wl o 5 ol pole 8ISl ( lie golis wige 5 ple ag,S oylsliul =Y

Ol SBMe clijss (o ilio 9 (559liS pole olStily


https://doi.org/10.22067/ifstrj.2021.72348.1092

VPo) LT — o0 oF oylouds MA aler oyl ol (16 @alivo g pole sl apid FYA

Bacillus cereus Staphylococcus aureus .aerogenes

D9 ol 3 390 ele (claog,S )y g Candida albicans,

L9 9 g0
Bl S slacSns LIS podyilm iy Jolome
59553 ja ke slalaons B (yuun gial y JSthel S (slacSze
S ely ogien Jse g )BT Ggtien Jse il 59508 jopls o1
DPPH JABTS sl Sgid (5, 5 (ploll) Sye 80
2 8535 4 (S p0l) Lo <855 51 529 gaas — b B yme o
Enterobacter (Escherichia coli slagw 3| iz cpl
Bacillus cereus Staphylococcus aureus .aerogenes

09,5 (295w ygeeslS 3 sl (5,455 Candida albicans,

b @lie 5 (559U pole oSS ¢ glie plho (pwsize g pole
A4 eolawl uLw.:)9>

Ao 8bS ol 0, las and

S bt gl olS (9,8 )9 9 (99,8 Sl
P9 olS Slp)S B by cpl b b odlial o (ol oylac a5
e 593bgSTl 0 el VY oo g 4Ll O i) Lo YO+ 0
Oely Blo 32l Jlowe joee 1y 05 03] o2 ) s 4
993 Voee o0 Laids Vo do 4y dg g0 Blae LSy Bls cas
W o yoilplgl 51 oalimul b das dls o 13 .033,5 oi il 4did> 5
a0 ¥ clod )3 595 5l 590 sl Cunddy ojlac ¢ Bls 3lsl
Tabatabai Yazdi et al., ) ad (o )laS Jbouy ;o 2,5 sle
(2016

JS Jgd Ol 55051

ol oslas S Jsid (55031l o 5298 g0 — g B pas
oo Y10 4 0)lac iy S VS i cpy b odlitl dllid
I3 Sl 0 aady £ Gl 4 diges Wb ddls] Jgid Jaloee 4
o 4 (Jopd V) SloyS e Joloee i oo Y/ a5 03l
Fogl VYO zgoJob 3 o] Glo @idd 5o cuslS I L g a3l
e b o3litl i) 3905 dug g dunsd SIS )05 ol
(MG GAEG) b 5 5 ol SIS 5 s ol 5 I
(Majdi etal., 2021) k5,5 5,55

2 2,2-Diphenyl-1-picrylhydrazyl

085bsS wldllas 4> (Jaberian et al., 2013) 55" o Lil la Jgid
LS Glise ladisS ojlac  SlawS] 5l 5 (og,Shens ]
‘Alizadeh Behbahani et al., 2012) cuwl oas i)l5
Kuki¢ et al., «Chen et al., 2008 ¢Yeganegi et al., 2018
(2008
;I (Trigonella foenum- graceum) sl b allias ol s
g baxS y S gy adsS aw JJ> 4 Trigonella sbgy aols
Jds 4 (Greek hay) U cale gLz 4 foENUM- graceum
olS S alilis .ol o 43,3 bl Ugs 0,93 50 o)l slad 1
& bl sy (I 5 ) 35 Sy & ol JS b dllo S ol
bl ) olS pl oy o o Sl B0 b o] Job a5 03¢ S
ol 4l Lis o ol ol by g (ol)j 455 g9 Ver 5l i
dilises glaisu )0 ol 65 VY 5l i Conl 0ad i)l5S a5 canl
5 o)l ¢d}§)n Bble ‘Otwb ‘Ob.qb.)'ﬂ ‘OL“"P ke O‘)ﬁ‘
alygl 5l (Hasanzadeh et al., 2010) sl o ouiSTy yledol
ol g cabd oy (olbjwdis 3305 & plgie ol ol Sy
olS (pl jl @5 pae 3 25 0)lil B (o Rl 5 e A3
g.B)Jo).: 9 lea).:l) ul.e(’d‘ CB) c).u»‘y 4.’7:.]1#: cfa‘.\> 4\.‘>Jlxa Sy DLS
Modaresi and Mahdian, ) sea o oaliiwl > & (g1 33,5
dapoling ile alse wluSy (ol olS oyl slaaily (2012
9 (29,5weds Ol gl alises (gla yimgdy ;o (Arbab et al., 2020)
hen 5 Wagh el oni adlbs allis ol SlawsT sl
2 addod ol ulel Galise slacdale L5, Sons il (Ye+V)
Aspergillus  Aspergillus niger  slapwdB,ls, e (g3,
Pseudomonas 4 Staphylococcus aureus dfumigatus
5 Akbari (Wagh et al., 2007) x>)S" ), |, @eruginosa
Caold glyls dllis &l 24, &5 05,8 (5,155 (V4)R) 1S
S S g Sl olsd 4 asg L (Akbari etal., 2019) 5,5
Sl 5 Olie rp oigh ool B s olS (Sjglen
5 oIl Sl adlas 5 olS ol ojlas cadggds o Joib

Enterobacter (Escherichia coli , o o9, Swers

1 2,2-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)



VA g SwpS Jusl) bl Jladiams j ©luS ) Jole ooy )5 (wypr /o) K0d g y98 Shwgs

Sl Sl — 099,51 (652555 o9,

FsmSsle bl el Sgid —059) Sl 6 2155 o)
JSaoly sk 59,8 S5y e g9 demsl St gpmsliguns]
395 1y )8 LS 5 5 459558 (glasenS g, o8 3L o O3l (sl
o 18b e 3131 ela SIS0, 31 eolitsl b (g STy (g S5y LS e
s L5 1) 259358 (sladuusTpg)an 9 )l SlaS 5 adgs (aUlys
L35 dwle pj Jee B (SHBIL sop a5k
:(Behbahani et al., 2019)
Inhibitory percentage (%) = [(Aa120 — Ac120) / (Aco (V)
— Ac120)] x 100

4 Aco 9 Ac120 9 a8y VY- )] A o)La_c u.\> Ao &5
428> Ve cubdS jl dm gy floj 0 S diged Qo iy

8 las o9,500ms Cullad g 50505
Oy poyp eSS bl ey (Sws e

ST S 43 B

o 3 e ke Ae g B e ¥e) o las dilise claclals
oo 435 oyl pleg)Sue YO (glapld by g ans (1
oylas caliee clacdale jd 4ddy VO e 4 SO lacSind
ST ppgiian Joo cutS slalame (69) Saund (g B3 (55105
o Wad S )8 o9l joyiaSs jonle g s ySL g5l
Y sl o celo VW i 4 beds (o)l8abw S
A8 e 4y VY glod o Celo VY 4 las,iSL (glp ol )3 ol
Barzegar et al.,) ad (¢,505l0l iy pae sladlls Hlod 2,6 4y
(2020

)Lﬂ Sals

Ay slle (55, g8 g oS (oo culS I ey
oy bSaly sbul 5 BT 98 Seple 5 BT g
Sl 4 agl b a5y, Sals o ojlae el slaclale
Cels VY 5 lag,iSh (gly ol )3 ol a0 YV (slod o el YF
‘UL‘L ).) W) d)l.—\f@bw; C)b dl)) .))f wJL» 4?).) YvY dL‘:.) ).J
S5 03l8 o Juo cone Sl GlLbl wiy pae sladla Jlad
.(Behbahani et al., 2018) 1,5,

JS 259398 (150 (5 5010
ho <V s oS o ojlas IS a593sMb (e pslaton;
eSS il den 3 0.5 e o 10 L syl o 5 25
iy 35 45 Lghin (30 0) s o Jgonn 2l o /Y
porwogll ) oo o /Y s A5 0350 453 O Cide 4 Jgle du
4y £ iome 5 8Ll ] & eoes [ 559 doyd Vo LIS (o
33,5 Lol byl 4 g ) D i o ¥ pusas b 0350
Ol 9 503l pogil Ve Zoafsb ) ladiges il ol
(MG QEIG) o e 5 1 (s 5 5 oo ol IS 255353

(Barzegar et al., 2020) x»5,5 i)l

oS 5T Cllad (g 805101
ABTS 5l5] JIGaly jlee DPPH 3l51 G0, e (slaig,

Clled (6550l cpn sl Sgid =059, 81 (605 ) 9
A5 odliol allis T ojlae sz

DPPH 131 Jual, ;e (5505101

P25 +1++¥) DPPH Syl Jsbo sl o YR b, ol 55
4 g @l ojlae yuJ Lo +/V & (Ul yid o Voo > DPPH
2 aadd ¥ G 4 Jolowe ()5S 5l G 00 )5 bgle o6t
b b (oSl el OV zge ok o o wis bl sled
1355 asls 25 Jsop 5ib eylae DPPH IS0, (S oo
:(Behbahani et al., 2018)

% Scavenging activity = [(AbS control- ADS sampie) ]/ (V)
(AbS control] x 100

u..\> ‘AbS sample 9 J}JL‘O DI).Q.Q L DPPH u..\> ‘AbS control
Aigad ol yor 4 DPPH IS0l

ABTS »l31 J6ual, ;e (9,

ISty sy jslaioss Slilguryy el 5 ABTS Jobrs L
oybas il oo +/Y a5 bglsie ,S50S5 L ABTS ol sla
» dged Sl g il () e V) ABTS JISeal, Jsbee
ABTS slil Jool, jlee culld 3,5 (6pS0jlul jrogil VYF
Alizadeh Behbahani et al., ) us awlre ;5 Jg0,8 3ubo 0)lac
12021

) __ Acontrol-A sample

ABTS — RS activity (% — ()



VPo) LT — o0 oF oylouds MA ler ol ol (18E @alivo g pole sleidgls apii ¥ Yo

als o 55 0505 031y oS Olgas jl odliinl b e &g 4 dogape
g Sab oy IE BT bme (g9, Sign ] gl 1
slod p celu ¥F e a4y (6581 (g5 ol ()88l 5
2 el VY Slo @ z)B gols slacaly o 0,8 ol da 0 VY
2 by pie dla yad Aol jo .ab plool oS ol a0 VY sled

(Barzegar et al., 2020) 15,5 (¢ ,50jl0l yio Joo cowes

(FTIR) 2598 oo & powg b (i
bosd SlS 5 (ol glaog S (s 9 (&S (allid
90 1) b 03l 43568 b Fpg,d  Siwciubs JJUT I o,lac
o,lkae FTIR cals .0 oaxﬁwg,\oyﬁm duo Mbbo)La_c
13,5 el Feeemdees CMT zoo s )3 FTIR oS bawg

.(Sosani Gharibvand et al., 2020)

o3y (g, lof Juloxi g 430

@ @l 5 pbul S5 5 ey ol slaggell I Sy e
S8 b ool Candts golis g o)l55 " Skt Jlme CBlul" g0
S 905l 51 0litel L (5Sole duslio 505 3T SPSS l5éls ;
i ploal (P<e/+0) o3 & Jloin ! pdaws 45 5

oz jHlaaSgigMs g 21> 3929 GlalS > il Jgid S 5

O SlnS1 5l caols 59 50 48wl e SluS 5 ol olinie
Olysd (Joid GlaS 5 )lslo )3 39290 JouSg ) (slaog)S 5 >
Sk gycnlil g oS AT Jalge J S cvgo gy 0rimd
2 &S jekailen (Mehrnia et al., 2021) Sob o yomolinns] |
Sl Al ol ojlas IS g8 oo ccanl o ool s ) Jods
o JS 389356 (i g ojlas p)5 )3 (s 35S 5 oo PEIS - L
P2l il o)las p)F )3 (i35S p)S (e YV/OY b il
it o olas (gl ok plosl SlapnST 5T eloige]] 5 K
S 51 caols sximdlis a8 cuol oad (35 ) Jgas p
Joid l5se (Y410) o )Ken o NOrziah .asb o oykac oyl (oYU
e |y adlads als gl O g O 5l o ags slaoylac IS
1553 M5 s <oyl S 53 el SIS .5 e YOIF+ 5 VAT
£ 3> Bl S e VIV 9 YIVE i |y Waojlae cnl JS
ol Yl Gl gl e dled o) Smgsy ol 93,8 G)l3S o las
Norziah ) 5ol cows byl )3 39390 (Jgid S )5 & 1) Loy lae

S S Yo cdale JBlas
o A0 4 Jole g bglse 'DMSO yiJ Joo +/0 L ojlac
@B Glr jorwss sonle 5 St sl Sl gt Yoo 1
& o e ) a0 35581 b olons 31 (ke > ¢ o
Voo D )5 ad cutS b 1 S e 5l gle ke
Sl gmiligs Sl g S Yo olyan 4y )y 5l g S
SL W oty See 4 ile g Cuo J S olren 4 )6 4
A8 Bl dn )0 YV glod jo el YF CubdS 5l Ly 0 )5 aslsl
B slp oS ol a0 VY glod jd el VY g lag,5SL (4l
InSals & (5 loe 3 5 sk 0) 1S p3dails Jb (5,5 yue
CpieS b pbl (6,18 abe S el ¥ Gte 4 ausme o 48l
S BPEd g 035 (£)Ssly 29, 3B o o)lae Sl e

SAS o clale Jils Hlgie a4 i sdalie clale ol 5 (ST,
(Yeganegi etal., 2018) 15,5 j5)l55

S wuiS chale Jilas

SH)L clle JBhio s by dabdl > & 29 ol
095l 0 GlsEsl b oy a8 S5 436 (slacSaly | g oo plox
Sty > lySan Voo i & (SIS lee Ll s
sorbe g Sl gl BT pgtin oo et lalazo ool
e dy (8L ool sy ab odly cuiS 7B gl g S
G 6 b slcal 5 35 ke a0 VY gl o celw Y
L (o8 a8 oS ol ax > TV slod 3 Cols VY Gl
SaiS clale Jile lesdy 45, 55 w86 clle o
(Barzegar et al., 2019) 15 )58

S 5 g3 0)bas ((Faal g alBler) GiSes z b5

B (o pighol g JSuthol IS’ (6l gus 55T U
&l olas iSeny Dbl jelateds S jliml g, 5l
A byl e a8 odlatul adlle 3550 glacSiign 5l L aldis
5 Sl clacSigmiitl  olas Saal 5 ol
9 V¥ Ygaxo oS (SUD-MIC) (¢,loe ot clale 51 B pun gl
cov cdale b o odlatel 0dg (SAS e clale JSlas V/E
05t Jge slaze 4y o las ((SwiS ) lee clale Jihs) ()l
lalame (55, )8 g los L 5 Lol 5T 55,28 55l 5 1T

1 Dimethyl sulfoxide



AR

g ‘;.\;)af J&Gol, 6113'35’ WJdcans ) OlaS slnl.c Gl‘“”S)i g3 /Ql,l&m 9 )%@uy

Capols Bahy) (olos )3 oylas 85 13 (g 3)90 Cilie
5 Jsd ol ook cnl o o oLt 1) Yl Slaas]
o)las p35 )3 oSS gy p)S oo ¥+ i 4y o)las IS 4595936
Gl 0ad BYIS ojlas p)S 3 (eSS pS e Mg
9 Fod SluSy olie o cgley (Subhashini et al., 2011)
O SN gl il slagby) wile ilise Jelge 4 (54595928
1)y oo 5 olS pglanr (loj «SB g5 2lsp g o Ll S

(Ansari pour et al., 2019) w5b o dtuly

S 3 Jbl oylas IS Jgid lime 5,500 aslllas ;s (et al., 2015
£S5 YYIAD 5 VYA DFIVA o iy Al ails 5 @l 5y eojls
S92 e Cunl 00d ()15 S (g 25l )3 Al SJE
mojlas 5l Gy pd Sls] sl caols jop 4 Job LS 5
paslSo Sy cqa (Singh et al., 2014) cusl oads 031> s
b dumlio o Jbl o)l Sl ] Cunols Al olS 0,0
W OBHT sl Kool aile 3 ikl (gl g 5]
slagdyy ) odlitl b Sy g e S g2d); W Js ey

A o 0 las (a1 01 Cullad 9 JS 9igMd (S Jgid (ylime =) g
Table 1- Total phenol, flavonoid and antioxidant activity of aqueous extract of Trigonella foenum

Antioxidant activity (%)

p-carotene/linoleic ABTS DPPH
acid bleaching .
Total flavonoid Total phenol(mg
(mg QE/g) GAE/G)
50.40+ 0.64 55,53+ 0.50 60.55+0.78 37.57+£ 0.39 64.60+ 0.51
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Table 2- Mean inhibition zone (mm) of aqueous extract of Trigonella foenum on pathogenic bacteria (disk diffusion agar)
Concentration (mg/ml)

80 60 40 20 Microorganism
13.40+0.28° 10.80+ 0.32¢ 8.90+ 0.25° 7.10+£0.18°? E. coli
12,50+ 0.35° 10.00+ 0.30° 8.00+ 0.65% 7.00+ 0.40° E. aerogenes
16.30+ 0.42¢ 13.50+0.23° 10.80+ 0.29°  8.40+0.28% S. aureus
15.00+ 0.37¢9  11.80+ 0.20° 9.90+ 4.40P 7.60+ 0.38? B. cereus
15.50+ 0.44% 13.30+0.29° 10.60+ 0.36°  8.50+ 0.15? C. albicans
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Values are expressed as mean +standard deviations, n =3.

Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 3- Mean inhibition zone (mm) of aqueous extract of Trigonella foenum on pathogenic bacteria (well diffusion agar)

Concentration (mg/ml)

80 60 40 20 Microorganism
1450+ 0.349  12.00+ 0.15° 9.90+ 0.28" 7.60+ 0.242 E. coli
13.20+ 0.41°  10.10+ 0.48° 9.50+0.33" 7.50+0.28°  E. aerogenes
17.50+ 0.38¢  14.60+ 0.46° 12.00+0.54°> 9.60+ 0.312 S. aureus
16.20+0.27¢  13.50+ 0.43° 10.80+0.39° 8.00+ 0.472 B. cereus
17.00+ 0.56¢ 14.20+0.31° 11.00+0.44° 8.60+ 0.50? C. albicans
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Values are expressed as mean tstandard deviations, n =3.

Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 4- Minimum inhibitory concentration and minimum bactericidal concentration of aqueous extract of Trigonella
foenum on pathogenic microorganisms

MBC/MFC* MIC Mi .
(ma/ml) \(mg/ml) icroorganism
512 32 E. coli
>512 64 E. aerogenes
256 8 S. aureus
256 8 B. cereus
256 8 C. albicans
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1 Minimum inhibitory concentration
2 Minimum bactericidal/fungicidal concentration
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Table 5- Antimicrobial effect of chloramphenicol and amphotericin B and their interaction with aqueous extract of
Trigonella foenum

Antimicrobial agent

Amphotericin B+ Extract

Chloramphenicol+ Extract ~ Amphotericin B

) Microorganism
Chloramphenicol

Not done 19.220+ 0.55P
Not done 19.00+ 0.47°
Not done 25.60+ 0.62°
Not done 20.90+ 0.46°
20.20+ 0.41° Not done

Not done 13.30+ 0.502 E. coli
Not done 14.50+ 0.442 E. aerogenes
Not done 18.00+ 0.342 S. aureus
Not done 19.10+ 0.302 B. cereus
15.10+ 0.432 Not done C. albicans
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Values are expressed as mean tstandard deviations, n =3.

Different small letters in each row show a significant difference at P< 0.05 between different treatments.

s s oyl g ede (Vidhu et al., 2014) sl
samdylis C-H ied Bgw Jud> 4 WYY cm? 4 VFe0 cm?
eiiS Ngo Jd a4 VeYA em? g VWA em? g0 ue (]
oo Jdd 4 V¥V emM? a0 dac (pgd g5 S oty Lis C-O
s 4 A¥A M 590 die S galgur odimd i SO S
90 2 5 ¥ oV o) ouwl ssad s C-H s Sg0
2L e JSI sy lis C=C  Lied Lgn > 4 V¥V cm?t

(Namazi et al., 2021)

Lo LSS glodizy slapimw j1 LS (slaolac

el gloog S plulid Caa agd had g ikl
S S5 ol 3 () JSs) ws ool Al ol o jlac )5 39390
5 JenSopien (sloog)S S5 J> 4 YYV- CMT S po a0 g
Wb C-H lasge b 4 Y80 cm? 590 die
Alizadeh Behbahani et <Sosani Gharibvand et al., 2020)
09)5 Jdd 4 Wl o VWY CMT 590 dae pimen L(al., 2020
Jdd 400y em? g0 sae «Slog)l glaadls ;> C=C la
Vste Jlaes s 4 VFed emMT g0 ae g byl 3 yiles)l

1 Geminal methyl



VPo) LT — o0 oF oylouds MA aler oyl ol (18 @alivo g pole slotdgls apis FYY

enS1 Gl g 29,50008 S 5 Sy plgiea oS ol 3l e

1561 63

1000

200

Ll ol o 5 las FTIR cinb -y JSS
Fig. 1. FTIR spectrum of aqueous extract of Trigonall foenum.

srribess (cror)

s

O

S5

alos °l15 U‘J D)La_c FUN ULMJ ‘5:9).{.‘49.)..0 Lglbu’a)i ("E)L}

Lesillg S gl pln )3 2Vl (29Suers Cusls )l
2 95wedd llid g 039 ()8 5 ke p)S ke )5 (5SL)

2,8 oolawl gyld 5 136 Carin > aub

15 1o ) poli S acl b §) g yiiees yols Alia
slacoles b 4 i (b wlie 5 (55,9l pole olKiils
Ailed (51008 5 Sl dilosens (s5ixe g (50b

& W3S Lasuie uiomed Abbe Ui Cute p)S slags S
Ol Sgn sl b ol LiiSany 53 43y pis soalln lad
Cuols oy Ssmsl boolas oS5 lple wbe

jor cuw (Jod OluS 5 dgng ib e e gl (09)Seels

arcpl 5 As Aldids oS ol ojlas > oYL Sl 5T cusls

&l
Akbari, S., Abdurahman, N. H., Yunus, R. M., Alara, O. R., & Abayomi, O. O. (2019). Extraction, characterization
and antioxidant activity of fenugreek (Trigonella-foenum graecum) seed oil. Materials Science for Energy
Technologies, 2(2), 349-355. https://doi.org/10.1016/j.mset.2018.12.001
Akhtar, N., & Mirza, B. (2018). Phytochemical analysis and comprehensive evaluation of antimicrobial and
antioxidant properties of 61 medicinal plant species. Arabian journal of chemistry, 11(8), 1223-1235.
https://doi.org/10.1016/j.arabjc.2015.01.013
Alizadeh behbahani, B., & Shahidi, F. (2021). Evaluation of the antimicrobial effect of Carum copticum essential oil
on some standard microbial strains, indices of infection and food poisoning: an in vitro study. FSCT, 18 (111), 37-
44,
Alizadeh Behbahani, B., Falah, F., Lavi Arab, F., Vasiee, M., & Tabatabaee Yazdi, F. (2020). Chemical composition
and antioxidant, antimicrobial, and antiproliferative activities of Cinnamomum zeylanicum bark essential oil.
Evidence-based complementary and alternative medicine, 2020.
Alizadeh Behbahani, B., Falah, F., Vasiee, A., & Tabatabaee Yazdi, F. (2021). Control of microbial growth and lipid
oxidation in beef using a Lepidium perfoliatum seed mucilage edible coating incorporated with chicory essential oil.
Food Science & Nutrition, 9(5), 2458-2467.
Alizadeh Behbahani, B., Tabatabaei Yazdi, F., Shahidi, F., & Mohebbi, M. (2012). Antimicrobial activity of
Avicennia marina extracts ethanol, methanol & glycerin against Penicillium digitatum (citrus green mold). Scientific
Journal of Microbiology, 1(7), 147-151.


https://doi.org/10.1016/j.mset.2018.12.001
https://doi.org/10.1016/j.arabjc.2015.01.013

¢Yo

g ‘;.\;)af J&Gol, 6113'35’ WJdcans ) OlaS slnl.c Gl‘“”S)i g3 /Ql,l&m 9 )%@uy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Ansari pour, A., Mehrnia, M. A., Noshad, M., Barzegar, H., & Alizadeh behbahani, B. (2019). Antimicrobial effect
of garlic essential oil on a number of food-borne pathogens and determination of its chemical composition and
antioxidant potential. FSCT, 16 (91), 17-29.

Arbab, M., Alizadeh, E., & Shahriari Moghadam, M. (2020). Effect of aqueous and ethanolic extracts of Trigonella
foenum-graecum seed on the quality of Cyprinus carpio fillet inoculated with Staphylococcus aureus. Journal of
Food Research, 29(4), 29-43.

Babuskin, S., Babu, P. A. S., Sasikala, M., Sabina, K., Archana, G., Sivarajan, M., & Sukumar, M. (2014).
Antimicrobial and antioxidant effects of spice extracts on the shelf life extension of raw chicken meat. International
journal of food microbiology, 171, 32-40. https://doi.org/10.1016/j.ijfoodmicro.2013.11.011

Barzegar, H., Alizadeh behbahani, B., & Mehrnia, M. A. (2019). Identification of the chemical compounds and
antibacterial activity of Ocimum basilicum essential oil and the effects of its interaction with tetracycline and
chloramphenicol antibiotics on some pathogenic microorganisms causing infection and food poisoning. FSCT,
16(90), 113-125

Barzegar, H., Alizadeh behbahani, B., & Noshad, M. (2021). Evaluation of total phenol and flavonoid contents,
antioxidant and antimicrobial activity of Lawsonia inermis aqueous extract against some gram- positive and gram-
negative bacteria. FSCT, 18 (116), 327-335.

Barzegar, H., Behbahani, B. A., & Mehrnia, M. A. (2020). Quality retention and shelf life extension of fresh beef
using Lepidium sativum seed mucilage-based edible coating containing Heracleum lasiopetalum essential oil: an
experimental and modeling study. Food Science and Biotechnology, 29(5), 717-728. https://doi.org/10.1007/s10068-
019-00715-4

Barzegar, H., Mehrnia, M. A. & Behbahani, B. A. (2019). Determination of the chemical composition, antioxidant
activity and the antimicrobial effect of Heracleum Lasiopetalum on infection and food poisoning microorganisms.
Journal of Applied Microbiology in food industry, 4(4), pp.15-28.

Behbahani, B. A., & Fooladi, A. A. I. (2018). Antibacterial activities, phytochemical analysis and chemical
composition Makhlaseh extracts against the growth of some pathogenic strain causing poisoning and infection.
Microbial pathogenesis, 114, 204-208. https://doi.org/10.1016/j.micpath.2017.12.002

Behbahani, B. A., & Fooladi, A. A. I. (2018). Evaluation of phytochemical analysis and antimicrobial activities
Allium essential oil against the growth of some microbial pathogens. Microbial pathogenesis, 114, 299-303.
https://doi.org/10.1016/j.micpath.2017.11.055

Behbahani, B. A., Noshad, M., & Falah, F. (2019). Cumin essential oil: Phytochemical analysis, antimicrobial activity
and investigation of its mechanism of action through scanning electron microscopy. Microbial pathogenesis, 136,
103716. https://doi.org/10.1016/j.micpath.2019.103716

Behbahani, B. A., Yazdi, F. T., Shahidi, F., Noorbakhsh, H., Vasiee, A., & Alghooneh, A. (2018). Phytochemical
analysis and antibacterial activities extracts of mangrove leaf against the growth of some pathogenic bacteria.
Microbial pathogenesis, 114, 225-232. https://doi.org/10.1016/j.micpath.2017.12.004

Chen, I. N., Chang, C. C., Ng, C. C., Wang, C. Y., Shyu, Y. T., & Chang, T. L. (2008). Antioxidant and antimicrobial
activity of Zingiberaceae plants in Taiwan. Plant foods for human Nutrition, 63(1), 15-20.
https://doi.org/10.1007/s11130-007-0063-7

Haque, A., Khatun, R., & Yaakob, Z. (2015). Gas chromatography mass spectrometry analysis and in vitro
antibacterial activity of essential oil from Trigonella foenum-graecum. Asian Pacific Journal of Tropical
Biomedicine, 5(12), 1033-1036. https://doi.org/10.1016/j.apjth.2015.09.010

Hasanzadeh, E., Rezazadeh, S., Shamsa, S., Dolatabadi, R., Zarringhalam J. (2010). Review on phytochemistry and
Therapeutic properties of Fenugreek (Trigonella foenum-graceum). J. Med. Plants, 9(34), 1-18.

Jaberian, H., Piri, K., & Nazari, J. (2013). Phytochemical composition and in vitro antimicrobial and antioxidant
activities of some medicinal plants. Food chemistry, 136(1), 237-244.
https://doi.org/10.1016/j.foodchem.2012.07.084

Kuki¢, J., Popovié, V., Petrovié, S., Mucaji, P., Ciri¢, A., Stojkovié, D., & Sokovié, M. (2008). Antioxidant and
antimicrobial  activity of Cynara cardunculus extracts. Food chemistry, 107(2), 861-868.
https://doi.org/10.1016/j.foodchem.2007.09.005

Majdi, B., Mehrnia, M. A., Barzegar, H., & Alizadeh Behbahani, B. (2021). Determination of the structure, chemical
composition, antioxidant activity and the cytotoxic effect of Turmeric essential oil. Iranian Food Science and
Technology Research Journal. 17(2), 261-271.

Mehrnia, M. A., Alizadeh Behbahani, B., Barzegar H, & Tanavar, H. (2021). Sclerorhachis platyrachis essential oil:
Antioxidant power, total phenolic and flavonoid content and its antimicrobial activity on some Gram-positive and
Gram-negative bacteria “in vitro”. FSCT, 18 (112), 189-198.


https://doi.org/10.1016/j.ijfoodmicro.2013.11.011
https://doi.org/10.1016/j.micpath.2017.12.002
https://doi.org/10.1016/j.micpath.2017.11.055
https://doi.org/10.1016/j.micpath.2019.103716
https://doi.org/10.1016/j.micpath.2017.12.004
https://doi.org/10.1016/j.apjtb.2015.09.010
https://doi.org/10.1016/j.foodchem.2012.07.084
https://doi.org/10.1016/j.foodchem.2007.09.005

VPo) LT — o0 oF oylouds MA aler oyl ol (18 @livo g pole slotdgls apis ¥YFP

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Modaresi, M., Mahdian, B. (2012). The effect of hydro-alcohol extract of Trigonella foenum- graceum L. on
reproductive system in Balb/c. Journal of Medicinal Herbs, "J. Med Herb" (Formerly known as Journal of Herbal
Drugs or J. Herb Drug), 2(4), 261-267.

Namazi, P., Barzegar, H., Alizadeh behbahani, B., & Mehrnia, M. A. (2021). Evaluation of functional groups of
bioactive compounds, antioxidant potential, total phenolic and total flavonoid content of red bell pepper extracts.
FSCT, 18 (113), 301-311.

Norziah, M. H., Fezea, F. A., Bhat, R., & Ahmad, M. (2015). Effect of extraction solvents on antioxidant and
antimicrobial properties of fenugreek seeds (Trigonella foenum-graecum L.). International Food Research Journal,
22(3), 1261.

Shahidi, F., Yazdi F, T., Roshanak, S., Behbahani, B.A., Norouzi, N. & Vasiee, A. (2019). Antimicrobial Activity of
Lepidium draba Extract on some Pathogenic Microorganisms “in vitro”. Iranian Journal of Infectious Diseases and
Tropical Medicine, 24(85), pp.1-9.

Sharma, V., Singh, P., & Rani, A. (2016). Antimicrobial activity of Trigonella foenumgraecum L. Fenugreek). Eur
Exp Biol, 7(1).

Singh, P., Vishwakarma, S. P., & Singh, R. L. (2014). Antioxidant, oxidative DNA damage protective and
antimicrobial activities of the plant Trigonella foenum-graecum. Journal of the Science of Food and Agriculture,
94(12), 2497-2504. https://doi.org/10.1002/jsfa.6585

Sosani Gharibvand, Z., Alizadeh Behbahani, B., Noshad, M., & Jooyandeh H. (2020). Investigation of the Functional
Groups of Bioactive Compounds, Radical Scavenging Potential, Antimicrobial Activity and Cytotoxic Effect of
Callistemon Citrinus Aqueous Extract on Cell Line HT29: A Laboratory Study. JRUMS, 19(5), 463-484
Subhashini, N., Thangathirupathi, A., & Lavanya, N. (2011). Antioxidant activity of Trigonella foenum graecum
using various in vitro and ex vivo models. Int J pharm pharm Sci, 3(2), 96-102.

Sulieman, A. M. E., Ahmed, H. E., & Abdelrahim, A. M. (2008). The chemical composition of fenugreek (Trigonella
foenum graceum L) and the antimicrobial properties of its seed oil. Gezira J. of Eng & Applied Sci, 3(2), 52-71.
Tabatabai Yazdi, F., Ali Zadeh Behbahani, B., Alghoneh, A., & Zanganeh, H. (2016). Optimization of extraction of
Mespilus germanica by mixture design and investigation of its effect on Infectious Microorganisms “in vitro”. FSCT,
13(52), 131-145.

Vidhu, V. K., & Philip, D. (2014). Catalytic degradation of organic dyes using biosynthesized silver nanoparticles.
Micron, 56, 54-62. https://doi.org/10.1016/j.micron.2013.10.006

Wagh, P., Rai, M., Deshmukh, S. K., & Durate, M. C. T. (2007). Bio-activity of oils of Trigonella foenum-graecum
and Pongamia pinnata. African journal of Biotechnology, 6(13).

Yazdi, F. T., & Behbahani, B. A. (2013). Antimicrobial effect of the aqueous and ethanolic Teucrium polium L.
extracts on gram positive and gram negative bacteria “in vitro”. Archives of Advances in Biosciences, 4(4).
Yeganegi, M., Yazdi, F. T., Mortazavi, S. A., Asili, J., Behbahani, B. A., & Beigbabaei, A. (2018). Equisetum
telmateia extracts: Chemical compositions, antioxidant activity and antimicrobial effect on the growth of some
pathogenic  strain  causing poisoning and infection.  Microbial  pathogenesis, 116, 62-67.
https://doi.org/10.1016/j.micpath.2018.01.014


https://doi.org/10.1002/jsfa.6585
https://doi.org/10.1016/j.micron.2013.10.006
https://doi.org/10.1016/j.micpath.2018.01.014

