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Introduction

Nowadays, antibiotic resistance is increasing in all parts of the world and is emerging and expanding
globally. Due to their natural antimicrobial properties and low tendency to develop bacterial resistance,
antimicrobial peptides can be a good candidate as an alternative to synthetic antibiotics. Bioactive peptides are
produced using enzymatic hydrolysis by enzymes extracted from microorganisms and plants, digestive enzymes,
and fermentation by proteolytic starter cultures. Enzymatic hydrolysis of proteins is performed by commercial
proteases or a combination of several proteolytic enzymes. Commercial proteases are expensive due to their
specificity. Among the strategies for protein hydrolysis with the aim of obtaining bioactive peptides is microbial
fermentation, which is more environmentally friendly and has a high potential for use in industry due to its
relatively low cost compared to commercial enzymes. It is a suitable method for the hydrolysis of sesame meal
protein. Bacillus species are bacteria that have high proteolytic activity and are able to produce different
endopeptidases in the fermentation medium. The activity of endopeptidases in the environment containing
proteins causes the production of peptides with small sizes and free amino acids in higher amounts compared to
enzymatic hydrolysis, which is one of the advantages of using Bacillus species with high proteolytic activity
compared to pure enzymes. In general, the purpose of this research was to produce sesame meal protein
hydrolysate by fermentation with Bacillus subtilis and to investigate its antimicrobial and antioxidant activity.

Materials and Methods

In this study, at the first step, sesame meal was defatted with hexane at a ratio of 1:5, then it was dried and
sesame meal protein isolate was extracted, and the optimization of fermentation conditions was determined by
the response surface methodology (RSM). Independent variables, including temperature (30 to 45 °C), time (12
to 36 h), and substrate concentration (2 to 6%), were considered. The antioxidant properties of the treatments,
including DPPH radical scavenging activity, ferric ion reducing power, and antimicrobial activity, were
investigated, and the optimum treatment was selected. Then the protein hydrolysate was freez-dried and stored at
-20 °C.

Results and Discussion
According to the results, temperature (39.68 °C), time (30.07 h), and substrate concentration (4.85%) were
selected as optimum conditions. Under these conditions, DPPH radical scavenging activity and ferric ion
reducing power of hydrolysate were 63.57% and 0.9951 (absorbance at 700 nm), respectively. The inhibition
percentages of Staphylococcus aureus (59.58%), Escherichia coli (6.55%), Listeria monocytogenes (62.43%),
and Clostridium perfringens (50.97%) were obtained in the optimized condition. Bacillus subtilis, in the
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presence of sesame meal protein, showed significant (p<0.05) protease activity over time. After 48 hours, the
clear zone diameter was determined to be 22 mm. The clear zone created by this strain showed that Bacillus
subtilis has high proteolytic activity and can be a suitable bacterium for hydrolyzing sesame meal protein with
the aim of obtaining hydrolysates with the highest antimicrobial and antioxidant activities. The antimicrobial
activity of the protein hydrolysate can be due to the higher degree of hydrolysis. By increasing the hydrolysis
time, peptides with low molecular weight are produced, which cause better interaction with the microbial cell
membrane, disrupt the membrane, and lead to the inhibition of the microorganism. According to the results, the
sesame meal protein hydrolysate showed more inhibitory effect against gram-positive bacteria than gram-
negative bacteria (Escherichia coli). Researchers reported that the difference in sensitivity to antimicrobial
compounds between gram-positive and gram-negative bacteria can be attributed to the structure and composition
of the cell envelope (cytoplasmic membrane or outer membrane, and cell wall). In general, the bioactivity
properties of protein hydrolysate depend on the amino acid composition, sequence, and molecular weight of the
amino acids. The antioxidant activity can be due to the high content of polar and aromatic amino acids. By
further hydrolysis of proteins, peptides and polar free amino acids are produced that interact with free radicals
and converted into safe and stable intermediate products.

Conclusion
In this study, Bacillus subtilis strain was used to ferment sesame meal protein, which is a rich source of
protein, to produce protein hydrolysate with maximum antimicrobial and antioxidant activities. Results showed
that the protein hydrolysate obtained from sesame meal protein isolate had antimicrobial and antioxidant
activities. It can be used as a natural antimicrobial or antioxidant agent in the formulation of food or
pharmaceutical industry to improve the health of society.
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Table 1- The results of the chemical composition of raw sesame meal

Cogb, S w2 o9
Moisture (%) Ash (%) Fat (%) Protein (%)
9.54+0.05 6.25+0.1 16.2+0.17 27.7+1.7
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Table 2- Effect of temperature, time and substrate concentration variables on antioxidant and antimicrobial properties of
sesame protein hydrolysate.

slos
Treatment A B C Y1 Y2 Y3 Y4 Ys Ys
1 375 24 4 60.4 0989 553 428 588 488
2 375 3.818 4 105 0.241 5.6 6.3 10 12.3
3 45 36 6 556 0.786 50 408 522 455
4 45 12 2 253 0533 126 136 11.8 10.6
5 375 24 7.363 58.6 0943 54 42.02 56 49
6 375 24 4 60.8 082 56.8 408 57 47.3
7 375 24 4 61 0978 526 445 556 47
8 375 44181 4 50.3 0.844 503 36.2 534 456
9 375 24 4 625 0972 55 399 597 36
10 375 24 0.636 26 0506 189 254 2233 156
11 30 36 6 548 0.707 475 32 4328 4238
12 375 24 4 588 0.962 58.2 388 46.63 46.6
13 45 12 6 286 0582 208 186 1254 84
14 24.886 24 4 423 0479 302 244 2868 332
15 375 24 4 458 0.963 42.6 45 56.14 43
16 30 12 2 158 0376 8.6 128 1085 84
17 30 36 2 50.2 0.674 46 23 454  38.8
18 50.113 24 4 409 0445 399 366 409 30.6
19 30 12 6 188 0.395 197 118 892 107
20 45 36 2 488 0.768 40.7 334 499 39.6
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A (temperature,¢) B (time, hour) C (substrate concentration, %) Y1 (DPPH radical scavenging, %) Y2 (reducing power), Y3 (S.
aureus inhibition, %) Y4 (E. coli inhibition, %) Y5 (L. monocytogenes inhibition, %) Y6 (C. perfringens inhibition, %)
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Table 3- The results of the analysis of variance for different responses in sesame meal hydrolysis

Responses Reducing S. aureus . L. monocytogenes C. perfringens
DPPH power inhibition E. coli inhibition inhibition
s;\gig 8 S e mfl'i';'on Uy (S0 oo SISk
O SHSslal  usTpTahilis/ S e Higwsise po9ntt pels”
Variables DPPH Jil, . Wi/ e
o2l osiys! i
P-value (P »as)
Model 0.0002 17.13 <0.0001 <0.0001 0.0004 0.0016
A:temperature 0.5194 0.7041 0.4210 0.0042 0.2158 0.9728
B:time <0.0001 79.42 <0.0001 <0.0001 <0.0001 <0.0001
C:concentration 0.0142 16.15 0.0024 0.0037 0.0856 0.0385
AB 0.3131 0.2165 0.6517 0.2654 0.7001 0.8689
AC 0.8965 0.0833 0.7788 0.6641 0.7573 0.9051
BC 0.7910 0.2507 0.6274 0.2359 0.9523 0.6547
A2 0.0077 18.19 0.0017 0.0003 0.0025 0.0190
B2 0.0002 34.25 0.0002 < 0.0001 0.0011 0.0078
c2 0.0098 15.62 0.0027 0.0018 0.0084 0.0215
Lack of fit 0.3937 1.28 0.3967 0.1431 0.0579 0.0742
R? 0.9196 0.9095 0.9391 0.9588 0.9109 0.8781
AdjustedR? 0.8472 0.8281 0.8843 0.9218 0.8306 0.7684
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(U35l pae LasLs) Lack of fit (clale pg> lg5) C2
A (temperature), B (time), C (substrate concentration), AB (interaction of temperature and time), AC (interaction of temperature and

concentration), BC (interaction of time and concentration), A% (square of temperature), B? (squared of time), C? (squared of
concentration), Lack of fit
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Fig. 1. a: The effect of temperature and fermentation time on DPPH radical scavenging activity, b: The effect
of temperature and fermentation time on the reducing power

o pite aloly )3 Slyuss S 51 7AY Caslys Jae 45 39y </AVVA
AR g |y (w390

A8 ot @ aog b bistwsise byt dgw b bLS)
Sisinogise bytad (S3Slae pC? g B2 A? (lajite 5 olo
Sybp i WU lej ke g (P<e/40) edgr > dxe
Fiskwgige byt (SAS ke Sl p 0 dblre il (S8 )le
IVEAY (Siwsed copo b g uizdisiy padiuds (SaiS e
3 Olpess JS 51 AVE awdly Jae da dP<e/+0) b9 5 e
dl).g 5 aolro u)‘);l.u xS g.o.:..o}: ‘) W2 D90 dlib)w.o dld
b gy udzeipdyn porcbpianls” (SIS o
(¥)

R
0.98AB+ 0.61AC-

(¥)
HLipsl  SaSle 5= 42.10+3.46A+  8.98B+
3.54C+1.45AB+ 0.55AC+ 1.55 BC- 4.98AZ 8.25B%-
3.85C2

(%)

Sistawsige by  SaS,ke gl = 55.79+2.82A+
16.08B+4.07C+1.10AB+ 0.88AC+ 0.17B- 8.34A%-
9.44B2- 6.8C?

i/ 955 alslin]
53.45+1.36A+14.47B+ 6.52C-
1.06BC- 6.74A2- 9.25B2- 6.24C?

()
DPPH J&eal, S8 lgo CyaB=
58.20+1.19A+13.75B+5.31C-
2.48AB+0.31AC+0.63BC-5.79A%-9.7B?-5.5C?

(")

ool s LSaSlal ¢,08= 0.945+0.033A+0.15B+0.062C-
0.021AB+0.001AC-0.002BC-0.161A%0.132B-0.068C?

(9500 M Callad 5 yunsges CBIE 5 bod (oo 4l
Vo Jote 53 0dd oy 6Sen (2955 22 1) Jolbs s
i o ¥ Jodn ;5 ond S uibyly 5JUT @ asg b el ol
#C% s BT A% oy g |ituage cllile g ooy 51 P dse
oy (p-1-0) 33 5 snn gl psSsSolia] (S5 Yoo
s (o iin | Ky o b osygl posS3Sohii S35 oo
by &8 dgr JAFY  Stuod cops g ped do)d Gjgody
oL daly sloyite p Jitwo slapiia 136 )3 1y Jue gs
DBl pas padlS (398 I3 gae ¥ Jodo & e gi b (iomen 0>
P Ol Wlg o (B ojlil 4 Jae &S sl lis (p>+/-0)
5 Ssod oy & dg8 LY dlales .S Capogi 1y aodly polao
b Sl )13 390 Fusl (sl cul S (sl g
S p b ol dady 35 T S5 e 3y50 50
Siod Gy b g pod d2)d dbilee ©jsoy Jiue sboyiie



Q0D o sgyaed (ruig (529550 W 9 (Sl I T (SS9 2 50 Jolge silwainte )52 9 o1,

Casl b)) 33 azy Jobo g g 2500 b b s gy
Lo cdld bossd gyt slacnisy (Pane et al., 2017)
lis p 3le sl b 1) 6yl bt sl (Kon 1g)Se
sl Jsbo S5 (sloJsSls05,5 b tiSlany 3o L 5 Jobo
Jlasl JLosay ((Taniguchi et al., 2016) w,0 o jl (29,500
0N Ry R sl lid 4 095w lansy
9 ol Jobo B> dlge s doms )3 5 clid (So)lSy
Syo ok 055 Caled 3 9 sk p)gi sl Pl pas
B3 g £ (b

sy (Vermaetal, 2017) o)Kea g by awS 3b
b st Hasen dyd Cusl (See (g oloj alox ) Jitua
oS0 15 slasty (ol ol ey Gl il es 4 dta
el adgl Jlslo 5> aiel clossul (655518 oo 5 g5 Loy
Ot 25938 < lbgin S Wl sl (slaspul Db o s
2o el w3 (oo G (5] 9 et (Cn 3 (st
Sl (ooten Jolge 5 (S il g S o Wl i (09)Sue
)8 o 5l ool sty slrosds jdgyan Jb o g oS
Gy @YU Jewils 09,5 Lite b gy oolamsl oy
Jolbs s sl .(Pokoraetal, 2013) 5 (g)bv s
SIS o 5 S dbS oxd ok oSy (Y Jse)
e p)S 68l & Cons Cute )5 slagg S ade (gl
P ol & WS IS e b ol (e L)
Py 9 Cute p)S Slas Sl (pw g)Sue 1o GlS 5 4 Comlis
A32) Jols Joho by, oS5 5 MBlo 4 olie |y e
- Lopez) sl cows (ol 0)lged g (> slie by g (oD giw
5 hsawd )5 clie 2959 (Romero et al, 2015
ol Cenglie o )5 slais Sl ok 0)lgad 13 syl yged
Lee ) ol o3l LIl agsSao 15 Sl 5wl 5 1, e,
(& Nguyen, 2015

J&aly SuiSle @ byp mli idae  xiw,lis]
s 55 allius] S 3S Yoo el gy SaSslsl 08 DPPH
iy podieals” ijgigise byt (oLl ushygl
N3l g lgn dige bulpd sl ol o3yl ¥ Jgun 0
FIN cdale g cels YoloA oloj ol )8 ol a3 YA/FA (glod
Oy b olbodd jdgyie bylud cpl Cot AS e o)
) g baalpd )3 b g STl g (9,50 10 el
2oy SYIOY DPPH ISl (SaiS loe €08 (Jio Lawgs o
osSs gl (S8 oo ¢+ 10 ol gy SuiSslal @i

)

iy pad il S5 e g 44.93- 0.07A+
13.5B+ 4.84C+ 0.45AB- 0.32AC+ 1.22BC- 5.52A%
6.5B% 5.38C

(95w 455 Jro (sdaie (sla)eSh & el 0l 138
b bty Judcun; clld pugn £95 9 3055 oloj o> PH
olej g cbale I8l (Hur etal., 2014) aad o )8 b coo
N YW R Y TS W wON B P e
sl SRSl (lp (SaSile dopy ppuin o
g A0 Sistuwsise Lyiwd JXYIO oMLy JONY
095 (S poar (¥ Jgi2) 09 bop> YNA Luizeiyd gl ieals”
Cpolaidl g )ldbe (Shy & 09)See LS 0o ()IIS 1 5 Jas
4 44 L.(Bhatetal., 2015) 5)b> Ko Bua 5950 (g9, !
Oialil cely col YE b jass ooy Ll b-Y 5 a-y S
b et ooy ceddS b Lol 0 oSy Sio S35 lgo 2oy
s Juody &8l el S )he dop cele ¥Y
Moy & e Sl e &5 Abloe el )lgSee (siliin
gie Ol 8L Joho g baagn b g ord laddy 450
woke HsSB jo Lo (L & Wang, 2021) 39 B pae (59,0
295 b il Jushal 450 (gl 4 L3l o yra3s AR] 5
9 D=V S5 ) el (gyie oms Yl glod 5 jrass ¥ IS5 4y
9 Ly (SuSle p ) bed g clale 13 Wy, oS €Y
chale Gl g led (Al L ams oo (U uizsd oot inls
i M ) b ccdale L8l Lol bl tlsél LSS g I
OOIF e A5 sl )lg e (SWS )l S R o
SIS lee )3 (s y9S B Ao o U g clale &5 1058
Prie dig e I pulyy cdale (il bl Al o Sy S
29550 S g plem b g 01 il (g5lgy Clled ials 4
.(Jemil et al., 2014)

PGP Smed S &S WS SISl
S 005 plo oemen ) dg2g laady ojlul 5 gy
slis b gy Jlail cul (Seo a8 ojlul b alasay
D)5 o Sl & syl (29,50 28 SN ciales )3 658
o) 0gse b byl 4 4ases L L(Trang et al., 2018)
ol (See laodd Jgyn (09)5we 1S 1 8 adlas
fge byl 1o ojlul b (pbaistn g5 5 SYL g)a 42
A8l kvl pophst

2 el lasal Cute b Gk 5l (29550 Lo slaiy
Oy icsslon SopuadlS)lgSe b (Slyiel) oye05 (sl



VFo¥ (50— 53T i olods ¥ o oyl | (21 @obuo g pole Lol 4 pid  DOF

.

(5 325 4y

@ 30 ol Sl ) 36 o)l 4 g L
S5 oS oS 00l 5 s el Sl ()
Lo Lol s (b S5 plgisds kil ool g
ol Gl Jolb gl b 4y Slas Bl g 29,5
Jole plgiey Blg o souS dbuS oud Sgyun gy o b
Bl oz g 1icsslon los Sl oo Car b 9S40 10
2355 )1y8 eolaiwl 5y50 L auds ST

S.aureus inhibition

859l s P 538 o

ifatmwgiso bpiu (SNIS oo
Lmonocytogenes inhibition (%)

Fiskew,

A:temprature

12 30

53] S48 oo

E.coli inhibition
N
o

SR

22

pwiseipdy g1 pinlS (S 9IS oo
C. perfringenes inhibition (%)
S

EYISY jijptmgise byt JXFI00 (oML 3] JONON yupi)s]
okt gy b e L0V uiiiy pard S g .
oAb dwoihe oy Loy plool dge bulps 0 gy ond
a8 SEVVS DPPH JGsl,  SaiS e @pad g duglie
sl SuSfou IWE pal g (SaSils]
ONAY jijsiwsiso byt XY A (o M5Tus 0] SENIYA Lyogiysl
oximd (i gulis 5 (B3 7 OF/EY uixisdy patsiads g .
Sogesl p Jitme gjiie S Gughe 2 Jie 0 Uy

Al (g 2)90

e (¢ 36 [N¥]

C: concentration A: temperature

36

ol {w
B: time

36 s (il
A: temprature

O3 9 s g (EHTundpd] (SIS Jagn 1 | ytgos CBLE 5 Lod 51500 o pupyg) pusTpSphlivo] S5 o y1 oS sloy g lod 13l Y JSU3
i gkt puls’ (SIS Yoo i | pamigus CBIE g Lod 5103 figtuonige Lyl (SOS ow p2 e03S
Fig. 2. a: The effect of temperature and fermentation time on the inhibition of S. aureus, b: The effect of temperature and substrate

concentration on the inhibition of E. coli, ¢: The effect of temperature and fermentation time on the inhibition of L. monocytogenes, d:
The effect of temperature and substrate concentration on the inhibition of C. perfringens.
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