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Backgrounds and Objectives: Hydrolyzed proteins obtained from fishery
by-products have numerous physiological functions due to their bioactive
peptides and can improve human health and prevent chronic diseases due
to their antioxidant and antimicrobial properties.

Materials and Methods: In this study, the wastes of green tiger shrimp
(Penaeus semisulcatus) were prepared, freeze-dried, and hydrolyzed using
Alcalase and a protease extracted from Bacillus salusus under different
conditions of temperature, pH, and time. The functional properties of the
hydrolyzed proteins, including the degree of hydrolysis, emulsifying
activity and stability, as well as foaming capacity, were evaluated.

Results: The results obtained indicated that alcalase was less able to
hydrolyze protein than the enzyme obtained from Bacillus salsus. The
results showed that the degree of hydrolysis increased with the passage of
hydrolysis time, and the highest degree of protein hydrolysis (43.80%) was
obtained from the sample hydrolyzed with the bacterial enzyme at 3 hours
and the highest value (39.67%) by the alcalase enzyme at 5 hours. It was
also found that the samples hydrolyzed with the bacterial enzyme had more
foam formation over time than the samples hydrolyzed by alcalase. The
highest foaming rate was observed in samples hydrolyzed with Bacillus
enzyme and 2% protein concentration. The stability of the foam produced
decreased over time in both treatments and the trend of stability decrease
was slower in the treatment hydrolyzed with alcalase. It was also found that
the samples obtained with both enzymes at a concentration of 0.5% showed
the highest emulsion stability.

Conclusion: A recent study shows that the enzyme extracted from Bacillus
salsus can be used as a new, economical and efficient replacement for the
alcalase enzyme.

Cite this article: Khalatbari, Shima, Hasani, Maryam, Khoshvaght-Aliabadi, Morteza. 2026. Investigating
the efficiency of an enzyme extracted from Bacillus salsus as an alternative to alcalase
in the hydrolysis of shrimp waste protein. Journal of Utilization and Cultivation of Aquatics,

14 (4), 39-58.
© The Author(s). Doi: 10.22069/japu.2025.23325.1929

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

¥4


mailto:mhasani81@yahoo.com
mailto:mhasani@iau.ac.ir
https://doi.org/10.22069/japu.2025.23325.1929

oLl U995 9 )13 R0 e 4
YYEo-£YVX i gls LLS

Ol gl () ol e ezl
ranian Ornamental Fish Society (IOFS) YYL0-SYAA o.’%i Ll

R A

Ol 94 (gl gl (5 51 51 (21 50! 3 BT (1)1 (w3
5w Olalo (pig 9 g s 0 PYIIT o Sl

s 7 . s - Yo, \ (. .
@bl Jo gl (T 0 e o g el L

shima.khalatbari@yah00.com :asbL1, .ol o35l o ot 33T oKy o5l dly o olis gl s psle 55 Gamtils )
d\ji‘ cbjjbu cv,d))\.w. ;bT a@l: ‘;b;a\,; J}U ‘L;U& @L.p E) C}J.G e); )Liﬁtl.wl ‘J}:AM e.,\;m.i}l Y
mhasani81@yahoo.com; mhasani@iau.ac.ir :4sLL/,

mkhaliabadi@gmail.com :asbGL1, .o ol a5l ¢ oDl 3131 ol&isls 35 als ol s ¢ gows owikign 055 sliasl Y

oS> Al Sledb|
L}:J)M cC)M L;ul? CJY}M )‘ a.,\ﬂi Cewddy o.l.;hjj).k:k LSLQU":;)}:’ IR 9 @Lﬂ dlae C}v

SRl g s Atas (eodate S5 s slas Shas b b s gladay il AR —ele oS Wi
oo Slsles s 3l s el Wl ) oLl aethe s St 5 SISt T ol

S o (S S

ERAVANTARRIE PR IR
o (Penaeus semisulcatus) s s ,w 5w Sluls (ass ool o3l g, g alpe  VEENT a6
AL Sl ol gl (v-i;vﬂ 5 YT ﬂj‘ﬂ 5hesliad b ocodd gl b s stweslel Sl VR YV B pdy G
Gl Sis Lad sdoda Ol s PH s Cilse Ll b < Bacillus salusus

5 Osed el @GOG 5 Sl s am ax s des Sl edd gl Gl S (63 Ses

P _ (IS slaells

.a;)p&gbuméquq,b .

‘J:':}J'l J»J}‘).,\:.b (:bul B )Y&.ﬂ Lﬁ__:.u‘}; UJ}; j:’.gﬁli Jirl:; A./\.AT Cewddy CLLU Lbﬂ\:.‘sl.l ‘J}MJLW m)l':wb
» - - S ol

g Obey CladS L sl ol @L:J S5 sl (680 5l edel Cisa ﬁ).}\m.c,.,..} jﬁwéj-*ﬂ.,
SR Dlls

@ by (s EY/AY) s dasdes 4z o 5YL 5 b e Rl s 4 s
p S daodes
(Ao 3 YA/WV) Slie o 5V 5 ol ¥ 0les 53 (L 5l Jool o 3T b ol s s m 4 g
o) g5 Sladisad &S US Lasie iomea 3y Cela 0 0l L3 GYSIT sl au s
Loy oddpdoda Sladged 4 Cund $ 5 e S S Ol b oys 68U mjp
kel 8L BT L e i) g5 (slad gad 55 (SAS S Ol 1 5V zils YT
)LA.:J)JIAJJ QLA) J)lﬂ)) aJM_X:.S}}';ASLS)U%li ‘MaMmmﬁ)ﬁM)JY%)

crmen 35S VST L st pdgstn las 53 Ml Rl Wy, 5 Sl als

e


mailto:mhasani81@yahoo.com
mailto:mhasani@iau.ac.ir
mailto:mkhaliabadi@gmail.com

Sk Ol o VL dos +/0 Sl 55 5T 55 a1 ol slakipel oS A sl

sl ol T mely:\

Ll g gl skl (5L 51 o) il o 5T e o QLES ot s 26 S domst

5,8 55 eslizul AJ}A)'YLQT(,J_}'leﬁ LS 5 0 o (i sl Ol gsa

skl 655U 51 il il LS iy (VP F) i pn gLl e dggs ¢ po s dlasd s ptals salitl
FAOA ) VS bl S50 5 slomers i 55e Dl (ugp 5adg s ;0 VI (30l lyieas gl
Doi: 10.22069/japu.2025.23325.1929

|


https://doi.org/10.22069/japu.2025.23325.1929

VEe € oyl € o lowd V€ 2595 ¢33l (195950 9 (5,15 90yt g il

ils Jos a4 o Sl 1 Kl 5 oo oS XS o VT
Pl et il Gl i, e s AL
Ll ol bl e pl o e S, Olgea
S Ve S LSL”m'j Lodasdes 1o
S spde bl b ol e
O3 Omen i Jalse [ cnl 0o 45l
LSl S e Jolie 5 4l (e Juad)
o 3l Slsds ke kil d s
Gl See dul e s &S ladzy
w3 05338 b s ades bl sl Jhis, ge ol
(o 3 PH s J 285 o) sad J x5 Ll s s
Al b pldny Mg Gl ) oas) Al e
03338 L g, (V) uS 2l Sslete Jldans
(o s PH Loy J28) eas J 8 Lyl s s r_“.;,ﬂ
Al b ey 5 el b aes LS s
33 AL S glass 5 S el sl Jden s
S ol &S ol pl cusls B s hgy
Srs So Plas Ll g e eslizal [ hiecn b
s mlio 55 eslinal Cll b ol 5 Ll azsls
Al o Cmsts s See b Sl V‘U’j Sl el
L2b 3l b 3l etiSad s odlS )l S
b 3 S e b plas 5T S ke (M)
O 5 6 dzen (55 5 slilie b a5l e
PH ol 21n 53 5ot ol @ 015 o e
Q) e oLl (S8 b Dlio st
|3 w\w%ﬁé;ﬁ,Sgwpyﬁﬂ;l
St 5 b S nle o @b L
odal Cosas gl ol ol ls baodd 5 e
Csline (55 e 5 gline J S5 Ly
L ogss onl odd o3 p S84 il 4wy 5 Al
O Q) sl byl s ,0)8 Clw s
My Sn e Ay e w05 Sn slaslE 5
Soss Slaiss b sl b by e s

8}\@@6@\J§>wg.,\3ﬁ&.@j

Ly

Aoio

S A gl 005 Ll s 4 ol sl
gl L s e o ekl rzer 5 D
(1 Kl 5 EPA" 5 DHA' 1l ¥ Kol o35 )
S sbed a sl 5 G mle o e Sl S
wals ol 5 sy ol o Al Sl ()
Wbl ooy il o i gals s O
B o N T
(3 slasben 5 O gl Oleys (gh S
Gl opl 2z bldb e J3e ol 5 fen
gy Ogrpr Sl W5 L 0Ll sl Jes
AL s ol en 5 s ISl il g slael e
N p S Gl SVl S
ormer bbb o sl s s
oo ST 3l e Sdee slge 5 el
SlsS o b Obpl Sluls 6,503 SlacssS
o358 il b G¥same 4 L Sluls Bl
P kel Ol sy 51 S Se S Lo
S b s B Sluls &S el Ol s
235 S sl (F) 5,108 e glra (sl 2
Sy Ol g alss mbe Sl oedd las
SEO) sl 2le slge OV ge b 3 edias S
@ﬁ;ﬁjemqwum@m
N N I B JRP L Lt P

(8) 55 eslinal 55ls s )5 ab
S Gdaa) by 5l bday slelir gl 5
ok S e Jald e gl b
3 2Bl a1 S ol
SERPIC I PR R E - Ny IR PER
Sl 033 sl b ge 508 a5 s psded dine
ot Ol 2o 5 A5 Lol (ol 5l 5 (N 0)
Sahe MP e LIS ole s 5 de
o el Al W5 s GUB Slae b s ods

1- Docosahexaenoic acid
2- Eicosapentaenoic acid
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Figure 1. SDS-PAGE profiles of hydrolyzed protein from shrimp waste using different concentrations

of Alcalase enzyme (Column 1: 0.5 mL enzyme, Column 2: 1 mL enzyme, Column 3: 1.5 mL enzyme,
and Column 4: 2 mL enzyme) at 50 °C for 3 hours.
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Figure 2. SDS-PAGE profiles of hydrolyzed protein from shrimp waste by Alcalase at different temperatures
(Column 1: 30 °C, Column 2: 40 °C, Column 3: 50 °C, Column 4: 55 °C, and Column 5: 60 °C)
with an enzyme concentration of 2 mL and a reaction time of 3 hours.
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Figure 3. SDS-PAGE profiles of hydrolyzed protein from shrimp waste by Alcalase at different times
(Column 1: 0 hours, Column 2: 1 hour, Column 3: 3 hours, and Column 4: 5 hours)
with an enzyme concentration of 2 mL and a temperature of 55 °C.
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Figure 4. SDS-PAGE profiles of hydrolyzed protein from shrimp waste by the enzyme from Bacillus salsus
under ammonium sulfate precipitation conditions at different times (Column 1: 1 hour after hydrolysis,
Column 2: 3 hours after hydrolysis, and Column 3: 5 hours after hydrolysis) at a temperature of 55 °C
and an enzyme concentration of 2 mL.

EYIAY) s p sssdes s o VL &Sig) sba
L o 3l ssd & sm5 & bge e addllas ol s (Ao
Sdn gl kel 68U 51 Jols 3
Ol ol s g Jos 5l sl ¥ 338
b edi s sladsel 3 plasds 4
alS (S cell ¥ 0l 5l dny o pdle 6 S
Cles (cele 0 LY Sl slaesl ys ax ST sl
slaase s jexls ol e (ol e
Ll edalie fags 3, 5e f_)j Lol den
S s 2 Ol sl sy mlS 4 A
05 G e Cadgdone e Yoz S
Oladlae glaasl 54 5doods fee gl orws
L5503 1S odel s @L:Z J.:;_U 03 58 e
Sl Ol 0as Vb b sl ssds a3 Ol &S
Lol ol e ol b o ol e 5 288
5 Sl s JB sty Sl gy Bl
3 e S Y Sl t s s pde blia

(Y1) L35 0le 0 0 Jled e 5 w51 lee

A

g gSen 2l 5 Heoke 4,
Wan s IS w3l bey Ko oluls
ook ams Olpe gl skl 5 SL
b s sy (B Olpe S (DH%)
Obe amlis gl s b dssds Ol
ool 3 g gh oslaiul ol sd g s (_;LAQ_;Sjﬁ.
(S Sl 4 el (S e
‘b‘..\f:' Gk 5> skl g ij L;}i}
sla el ol wrely s s aos 5 s
5 Al e s Oles PH s il il
a5l sdosded 4203 55 5 | g 4 O S
skl ssded sy Do sy SIS ,L alse
D3 sboss cleas sdy,de ax s (Y0) dib s
(SeSh Ao e (gdzy ey dsb 0ol
AU e 5 LB b [y et a8
() das sl 3
day oo ax s Sl andlle ol 4 a5

Bl il gols pme o sba Aol 5l sl ¥



01502 g (6 piali Lo [ oo 31 (A sl o 35T a1 onwy 2

Cod Cola ¥ e 4 s 5 e Dled S
Sl S Lls 0Lt gl L 8 15 sl SO
s o ) gl e f,}j Lodssdes ol ¥
el Sl eslizal oS - s sls i s asde
BV & YV 5l sdoodes s Rl el 31,0l
5 Sas 53 Ol e OIS tanh s S Ao
L iz, S s sl SOL LS s r‘djﬁ
ST ael sladead W5 o 5 5SS sladny
S B LSk Ol () Wsged 5SS
Sl oS wib o Opmmlidosded 3 oge 2l
ke 5 L 51 bagnts s Slallr oUlS
Ll o oS il mb 5B s Ol ous
Cdled 5 st shse el Gl Sy st
Sl () il sl (S eyl
3 ol g polie e bLI L
Lol Cemsar oS GRS s daods e
T2 U N N TR PR WA St
cdls Sl VST 4 e sl skl
OFsn s oep sty SV (Sadgssn
Slyoee Ll pﬂ)j BRI R W SR PFR W
el O el bl S0 S
CoB pedle kel oS ) 2 e
OsG Oloy 05 3 i 5o b 5 anl (2ol 3l s s
S G M Shash s w53 Gy
Aloss olSy ple b osdd b glagss
S Ve a3 5 a8 S I3 s de anl
AL ol S UlSs s S w2
Lol soden sladised (olg s Oljes 055
S gl ool 68U 65 5l g prs o5
G54 Skl 503 Jlay e VL e 25
09) by wal e |y =S, L;LAJ& Ol ge
U oSsn 2b s Haodes s s b

el el iy A 5l e S Slls

£

s 03y AL (YY) OLes 5 sy e
Olle Sub by sdood olnl wlele js 5 0
Gk m SonS @ ) ik 4
sl s g Oley glnl 5o datee sy
Sk s e 4 e fes Wbl
23 Ky ol w)j Al od pslee iy slad g
sladsy s e 3Tl s sgdee ol
S Gy S plaptsn b Als e s dlol-
ol 4 Bl Jlail sl e S 13 s
s s Sl wlsl js 5 e S ) | s
AARVEIPEISATPER
S Sl a8l edasOlis s ol cu
Colie Ll pd o ar g b el et oL
Aok Jas Ol 5 eslizal 3550 w31 65l b
oden T3 0l Gl (e s sbay ol ine
SUNCIING L5 PR R WRCEs B
538 o odalive &S sbolen (YA) 55 5 o | e s
Aok Co lasles 5o pdeods ax s Ol
el 686wl s VST by eyl
Gy o el 0 calS G A el
Lidewr s Aoy (E7/07 £ Y/VE) 5 (F4/WV £ ¥/+7)
OS5 Haoded 4 e Sl ol ml L S
Y5 s (Asoys EV/0Y) 5 b el s
S w5l s Al g Sledd ol s
A7 Y) s alie (o)s EVA) Cola £ 51
5oL el b e Jes Ol
SOlo ot 50 5 sdoodes a3 Ol WSGL
O abe Sl el ssden slasetisn SldeS]
5 oS Ll adles sy OIS Gaun by
st Ol pdasde Ol LB L &S A jasis
e a sl playdes ars ele N
s ol LBl dons YA S Y 4 A

Cele ¥ oo 4 8bl Lol ale sddp g s



VEe € oyl € o lowd V€ 2595 ¢33l (195950 9 (5,15 90yt g il

33 a\.>_7j§\ el Cowsts Sl ¥ Ol 5 w}....?l.w
g Sl e sl el 0 B Y Sl (slacsl
A Lodd s bk ped 53 e li ol e
eop S Sl s A etalie e 3
L oS sy Ol VST il b sdosds Jus
oRlRl g sba e arss Ol SIS
AL 4l el 5l sl 0 0l 5o 5 b
D25 Foml Sl S Aoy (Aoss TV e
S S st bl 5 VSIS

)f UA}"JL‘N uﬂ}l.:.wb (SJSL’ )l a.)ueT g:ﬂw.ﬁi) ("f.jj

Lol ot S Sluls s a5 Ws S sdali
TG 0q e 3 s 2Ll e e VI
solie (P<h/00) e BB sbay &S 55 ds s
5 oSabsy Olis Sbepl 4 cad 50k
OS5 oA g cpl 53 ol OLLS ol 50
AL s, 5 I il ey S Slals
lalllan s o 38 g gl skl
Oley Jsb 53 ool s atgn Jhlsl S
T RPN E P (PR PPN WAN T Bt
Syai 4 by addlas ol 3 doss £Y/AC L
T N eV Y W T (Y PPN RS PRN W

ol gy 510 gl Sl 5T a5 g b S dghoue s 5 9 sdasdes )3 Ol -\

Table 1. Degree of hydrolysis and total soluble protein content during hydrolysis by the enzyme extracted
from Bacillus salsus.

Gk 2 p85,500) S Jsloms 085 5 (Ae53) 55508 o (els) Ol
Total Soluble Protein (g mL™) Degree of Hydrolysis (%) Time (h)
12.64+0.54°¢ 2.32+0.15°¢ 0
51.94 +0.54 " 23.50+0.70" 1
67.15+1.08% 43.80+3.65° 3
65.82+1.25% 4356 £2.74% 5333
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The values in the table represent the mean + standard deviation

Non-identical lowercase letters in the table indicate significant differences between treatments (P<0.05)
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Table 2. Degree of hydrolysis and total soluble protein content during hydrolysis by alcalase enzyme.
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Total Soluble Protein (ug mL™) Degree of Hydrolysis (%) Time (h)
8.34 +0.50¢ 1.02+0.17 ¢ 0
22.33+252° 22.67+1.15° 1
31+1.73° 31.67+2.08° 3
37.67+3.06°2 39.67 £3.06° 5
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The values in the table represent the mean + standard deviation

Non-identical lowercase letters in the table indicate significant differences between treatments (P<0.05)
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Figure 5. Emulsion activity index (EAI) of hydrolyzed protein shrimp waste produced using alcalase and the
enzyme derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (P<0.05) between treatments at different
concentrations; non-identical lowercase letters denote significant differences between treatments within
each concentration.
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Figure 6. Emulsion stability index (ESI) of hydrolyzed protein shrimp waste produced using alcalase and the
enzyme derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (P<0.05) between treatments at different
concentrations; non-identical lowercase letters denote significant differences between treatments within
each concentration.
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Figure 7. Foaming capacity of hydrolyzed protein from shrimp waste produced using alcalase and the enzyme
derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (P<0.05) between treatments at different
concentrations; non-identical lowercase letters denote significant differences between treatments within
each concentration.
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Figure 8. Foaming stability of hydrolyzed protein from shrimp waste produced using alcalase and the enzyme
derived from Bacillus salsus.
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Non-identical uppercase letters indicate significant differences (P<0.05) between treatments at different
concentrations; non-identical lowercase letters denote significant differences between treatments within
each concentration.
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