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Accepted: 1 Nov 2025 reduce enviyonm.ental pollution but also plays a c.:r.ucial role in maintainjng publig health
Available Online: 20 Dec and preventing diseases gaused by the decomposfuon of such waste. Th1§ study aimed to

) produce peptone from native fish waste in Bandar Abbas and to compare different hydroly-
2025 sis methods, including acidic, alkaline, and enzymatic approaches.

Methods: This study included three independent replicates for each treatment group (acid-
ic, alkaline, and enzymatic hydrolysis). Fish waste samples consisting of viscera, skin, and
muscle tissues were collected from native species in the Bandar Abbas region (Thunnus
tonggol, Pampus argenteus, and various species of Lutjanus). For sample preparation, the
materials were washed, defatted, homogenized using an industrial grinder, and subsequent-
ly subjected to hydrolysis. Acidic hydrolysis was performed using 1N HCI (pH = 2, 100°C,
4 hours), while alkaline hydrolysis was carried out using 1IN NaOH (pH = 11, 100°C, 4
hours). Enzymatic hydrolysis was conducted using Alcalase and trypsin under optimized
temperature and pH conditions for 4 hours. Protein concentration was determined using the
Biuret method, and the degree of hydrolysis was assessed by measuring trichloroacetic acid
(TCA)-soluble peptides. Data were analyzed using one-way ANOVA followed by Duncan’s
multiple range test for mean comparisons at a significance level of 0.05.

Results: Acidic hydrolysis resulted in the highest degree of hydrolysis (16.2+1.2%) but the
lowest protein concentration (30+£1.2 mg/mL). In contrast, alkaline hydrolysis showed a
lower degree of hydrolysis (11.2+2%) with a higher protein concentration (33+1.5 mg/mL).
Optimized enzymatic hydrolysis achieved the highest protein concentration (90+2) after 24
hours. Functionally, peptones produced by alkaline and enzymatic hydrolysis demonstrated
comparable performance to commercial peptones in supporting Escherichia coli growth,
whereas peptones obtained through acidic hydrolysis supported reduced bacterial growth.
These findings indicate that alkaline and enzymatic hydrolysis are effective methods for
producing high-quality peptone from fish waste.
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Discussion: Alkaline and enzymatic hydrolysis are efficient methods for producing
high-quality peptone from fish waste and may serve as cost-effective and environmen-
tally friendly alternatives for industrial applications. This process not only reduces envi-
ronmental pollution but also contributes to the sustainability of the fisheries industry and
promotes the health of the local community.
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Introduction:

he global fisheries sector generates

approximately 50—60 million tons of

processing by-products annually, cre-
ating significant environmental challenges while
wasting valuable protein resources that could be
converted into high-value products. In coastal
regions such as Bandar Abbas, Iran a major fish-
eries hub accounting for approximately 30% of
Iran’s total fish catch the improper disposal of fish
waste through landfilling or ocean dumping con-
tributes to coastal eutrophication, greenhouse gas
emissions, and public health risks associated with
pathogen proliferation. This study presents an in-
novative solution by developing optimized meth-
ods for converting local fish waste into high-qual-
ity peptones, which are essential nitrogen sources
widely used in pharmaceutical production, food
biotechnology, and diagnostic testing. Given that
the global peptone market is valued at approxi-
mately USD 1.2 billion and is currently dependent
mainly on meat- and dairy-derived sources, this re-
search proposes a sustainable alternative by com-
prehensively comparing three hydrolysis methods
acidic, alkaline, and enzymatic applied to domi-
nant native fish species. This study also supports
sustainable development goals related to respon-
sible consumption and marine life conservation.
Furthermore, it builds upon previous research by
providing a detailed evaluation of hydrolysis ef-
ficiency for Persian Gulf fish species, elucidating
possible mechanisms of inhibitor formation, and
offering practical cost-benefit considerations for
regional implementation. The resulting protocols
establish a circular bioeconomy model that could
be replicated in coastal communities worldwide,
transforming an environmental liability into a sus-
tainable protein resource for expanding biotech-
nological applications while providing both eco-
logical and economic benefits through innovative
waste-to-resource conversion.

Methods:

Fish processing waste, comprising viscera,
skin, and muscle tissues, was collected from three
dominant commercial fish groups in Bandar Ab-

bas: Thunnus tonggol, Pampus argenteus, and var-
ious species of Lutjanus. Samples were obtained
directly from local industrial processing facilities.
The collected materials were immediately trans-
ported on ice to the laboratory, where they were
thoroughly washed with potable water at 4+1°C to
remove surface contaminants and digestive resi-
dues. The cleaned samples were homogenized us-
ing an industrial grinder under sterile conditions at
4°C to obtain a uniform particle size of less than 1
mm. The homogenized material was then subject-
ed to fat extraction using chloroform at a 1:0.5 w/v
ratio with continuous stirring at 150 rpm and 25°C
for 30 minutes. After centrifugation at 3000 x g,
20°C, for 30 minutes, the chloroform phase con-
taining lipids was carefully removed. The remain-
ing protein-rich pellet was oven-dried at 70°C for
5 hours and then ground into a fine powder. Three
distinct hydrolysis protocols were implemented in
parallel. Acidic hydrolysis was performed using 1
N HCI to achieve a pH of approximately 2 and
was conducted at 100°C for 4 hours under reflux
conditions. Alkaline hydrolysis was carried out
using 1 N NaOH at pH 11£0.1 and 100+1°C for 4
hours. Enzymatic hydrolysis was performed using
Alcalase at pH 8.5+0.1 and 55+1°C and trypsin at
pH 7.0+0.1 and 37+1°C. Both enzymes were ap-
plied at an enzyme-to-substrate ratio of 1.5% w/w
for 4 hours in a shaking incubator at 150+5 rpm.
Protein content was quantified spectrophotometri-
cally at 540 nm using the Biuret method, with bo-
vine serum albumin at concentrations of 0.1-1.5
mg/mL as the standard. The degree of hydrolysis
was determined by measuring trichloroacetic ac-
id-soluble peptides after mixing the samples with
10% TCA.

Results:

The comparative analysis of the three hydrolysis
methods for peptone production from fish waste
revealed significant differences in efficiency and
product quality. Acidic hydrolysis achieved the
highest degree of hydrolysis, 16.2+1.2%, indicat-
ing extensive protein breakdown; however, it re-
sulted in the lowest protein concentration, 30+1.2
mg/mL. This may be attributed to excessive deg-
radation of peptides into smaller fragments that
were not effectively measured by the applied pro-
tein assay. In contrast, alkaline hydrolysis showed
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a more moderate degree of hydrolysis, 11.2+2%, and the development of a sustainable circular bio-
while producing a higher protein concentration of economy in coastal fisheries communities.
33+1.5 mg/mL. This suggests better preservation
of protein integrity compared with acidic hydroly-
sis. Overall, the enzymatic method demonstrated
superior performance, achieving the highest pro-
tein recovery, 90+£2%, after 24 hours of treatment.
This finding highlights the effectiveness of enzy-
matic hydrolysis in enhancing protein recovery
while maintaining nutritional quality. Microbial
growth assessment using Escherichia coli pro-
vided important functional evidence regarding
the quality of the produced peptones. Peptones
obtained through enzymatic hydrolysis supported
bacterial growth comparable to that achieved with
commercial peptones, with no significant differ-
ence in optical density measurements (P>0.05).
Peptones derived from alkaline hydrolysis also
performed well, showing only slightly reduced
growth kinetics. In contrast, acidic hydrolysates
resulted in significantly lower bacterial growth
(P<0.05), likely due to residual acidity or the
formation of inhibitory compounds under harsh
hydrolysis conditions. Physical characterization
showed that fish-derived peptones had a darker
color and a less dense texture compared with com-
mercial products. These differences may be attrib-
uted to the nature of the source materials and the
processing conditions used during hydrolysis.

Conclusion:

This study demonstrates that both alkaline and
enzymatic hydrolysis are efficient and sustainable
approaches for converting fish processing waste
into high-quality peptones suitable for industrial
applications. Among the tested methods, enzymat-
ic hydrolysis showed the best overall performance,
achieving exceptional protein recovery of 90+2%
while maintaining nutritional properties capable
of supporting microbial growth comparable to that
of commercial peptones. Alkaline hydrolysis, al-
though slightly less efficient in protein extraction,
offers important advantages in terms of cost-effec-
tiveness, operational simplicity, and scalability for
industrial implementation. Therefore, both enzy-
matic and alkaline hydrolysis can be considered
promising strategies for the valorization of fish
processing waste. These methods can contribute
to environmental protection, resource efficiency,

254



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/
https://jpm.hums.ac.ir/

¥ o ki 1Y 090 A FoF 300

g 3 Jlio

03 3T 9 LB (il 39 3 gy dw 3 0Lkl b b iy yaii 38 (Bl Slalo 31 g gis Wl g (5 Ao (w y 9

ijxw}ls Q‘b}m o r‘_s-).wu |}3‘:" ij‘jd-kéﬂe \‘5-\‘0‘ 4;.&‘1.-).5

Ol Gt b (S pske olls Sl 0 dSHs (S35 (558 0m 05,8 )

Ol (LS ALS (S oo sl (Ko p ke 0aSiils JSsn (S 53505805 035
Ol bl o bl p s (Sa phe oSty (S odSCiils (S5 (555058550 058
Ol el sy ‘Qlf)afh é.w‘).: (-}.Lo oK isls ‘ojﬂ}‘ Ji.wﬂ Sleis S e

[N SR

Use your device to scan
and read the article online

Medicine. 2025; 12(3):251-266. [In Persian]

d 10.48312/JPM.12.3.865.1

Citation: Ahmadi Kh, Barazesh M, Mohammadi Sh, Kavousipour S.Comparative study of peptone production from
fish waste in Bandar Abbas city using three methods of acid, alkaline and enzymatic hydrolysis. Journal of Preventive

=9

5 eshime ey sla Sogdl ials 1 yg58lc cale Slals 5l cblag g aigs ooli wl idus
ol alllae el 50 55 Sl ol ol j1 5b gLiris st 31 (8 Sy § gosat Caew La i
ol g pane aliie sl by, ammiliie 5 el i (oo plosle Slals 5l sy o)y Saa Ly

A bl co 3l 5 (5l gl s 0

2 Hiane 5585 s ¢ sar 351 5 (65 (gl sdg o Sl Jland 2 (gl casdllae (0] jo il g
e gogr (slatisS ) e Sl 5 gy Lol Jols pale Sl sntigas 0t atd 5, b
oo a0l (5 sl ez 55 e S slaaisS g anhw gl ol (o5 L o9 el el o
5 o (yigad iaio ol 3 a8l s ool mrz 5 b 5 o 5| oy Londigad g jlow oole]
sles ¥ sga>pH ;o HCLIN jlsolitwl b (goul 35,000 o solel 5-Jg 00 ol slol gl
pH ,o NaOH IN jleolaiwl b 55 (g5b 5dg,0m 0 plosl celw ¥ oo 4y g ol 5 il asjo Ve e
oolawl b sou 31 5 0um o8 5 &g celw T oo an g ol 5 il as,o Ve slas )Y ol
cbale os plol celw F ooe an g pH g Les age Ll 5 )0 Trypsin g Alcalase slaqs 3l 5!
Lools 030 )5 (prend TCA o Jolomo (Lo (655 03Il L 5dgjoem az j0 9 © 5 (g, Ly (g 0
s 55 baeSils dlie slp2 (SIS (5031 § ANOVA Sy (ily g 5-JUT (g3 51 oolinsl Ly

R WS R S| e

Oeiigy cdale o HeS o 0 VAT EVY Jolro jdgyaue am o o iin b gowwl 3ds juie ilaaisl
Onl g e a0 L (5l g o (Jolie jo 0,5 a g |y i e o 0,5 Lo Yo VY Jols
ol L md (e o8 e PYEVD Jols s Wl ety o lalé vamo 3 VV/VEY Jolas 5
38l Cws AR Jolowo (il o lale q_;“)S\JLg el YY boada gy (50_1}31 JENPIRWY
26 slogn b elbie bl (a3l 5 (5L sl o ) Jols slapsig (o0 Sas 103
g0 oo 3ds o 5l ol slaygiy 45 JLs o cosls Bscherichia Coli w5l cole>
Mg sl P @laby e Pl s 5l g aem a8 aes (o Gt laadly (ol a5 eSS

s ol Sluls l Sl ey

4o SleMb
VICo1C shaps :adly)s A0)0
1€ GUT 11 sisgsy 495

115018 )3T Wo LT3 Ayl

2 ghwno O 3%
s9sslS aloss uSS

OlRlembe jon (B e (San psle oladls 1 Slas
sodabe_k13@yahoo.com : S35 2SIl s

® @ Copyright © 2025 The Author(s];
@ This is an open access article distributed under the terms of the Creative Commons Attribution License [CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.
BY _NC

en], which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/
https://orcid.org/0000-0001-9724-9942
https://orcid.org/0000-0002-7071-3992
https://orcid.org/0009-0009-5931-5203
https://orcid.org/0000-0003-4669-0708
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://jpm.hums.ac.ir/
https://jpm.hums.ac.ir/
https://jpm.hums.ac.ir/
https://jpm.hums.ac.ir/article-1-843-en.html

¥ o bowi AY 0559 A FoF 3l du.nﬁu.u uh d-IM |

ol DLl 5 et St o 0y @l 9wl la by, ol 5 55l selgy0e g maS azss o jlguals
3 Sy bae Ly 55l g 48 0 a0 09 B (2l S0l Dlgie o 0t o0 5 0y o0 Sl 4
QO Wilgs oo o dame Congy sroa ¥ ol sedle wailyd plas ) 3 8 solaiwl 5 e Cxio

IS S s dmelr coadls 5Ll 5 oS cnio s 5lanly

O ols  Olayls
«s)0 3g)3 38 (s3] Jlg)san
W)\ FEVSINYY

Y&y



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

\/

P oo 1Y 0358 AP F s

st oo 3l Vgmnn (iaSiy wlie 5| Gt Sy

e alize sl s, 0l (oo plosl oals ]S
(3L 9 sl gy wiile coland sLahg, Jolt
G els s sy Sl ais caiil slags,
S 5 ey Az g 00jln )0 (sl oS e
slaShy aiwl slosl g5l ol ol iy
Il ojls ol Jsmamo (i 8, Shos 5 (o laansS b
a9 Vb Ze s ( ol o @ 55k 5 (sl jdg 00
Jor ol L iz s B wio 18531l b
e Sl (pSan Lo gy (] jo STy o Ll
b olS 5 JuSias (b il slasel (5 oo 50
(Jolie 30 095 Jgame sl aniis oS ioals L gl
5° STy plosl b colaist s 4 a1 g 000
9 Lot JoNoe 039 = e S-S 5 pdle Ll
Jyame iS5l s 59,-0 anel slosl ;g Loio>
st g Lap 3l Vb aise aiz e o)l 5 ol
S slacasgame 5l 2Sly Ll 38 ]S

10T o5 o ogims (g, (gimie

59 00ldiwl 3,50 (Blo 4595 g 00m (B9) £95 1 0gdle

Dol Cl (a5t CdsS )0 oS Jelse 5l (S
&5 (s Ol dbainSon Bl (aloosd oS 5 5o
oo iz glaaiss 1o ail glasl g5l 5 o,
oy @il ol ez s yoee anld L5 wly o
G0 Lo jobo a1y oled Jomame 60, Sloe sla S5 9
o3 BT oy ol ol [F ] was 3, 3b eoss
i 4 Lap T Olals s el L sladlie ;o
5 &3 SladSsn e )0 (ot B Wlgiee
sl O glaaila—y 51 g 1o 1m0 )0 (sl m golazil

sk

o ot slacdad (SO lyie a el ot 0

FE o VLl o 5o ol o)l 5 514
aiile oladisS 0 ooy l) ale oluls | oy
lize sladisS 5 b ol ol o5 Ly s 2l
Sl an adlaie (0l (a9 5 s Lol adex 5l 65

e 3lgi oo ol (651,85l ol Slauls a5 as)

MAM

JB polie YL M 5 (559 s Sl Snto

DS o o]y ol (5,91 ,8 5l ol wlals 5l a>g
s g gy il Jols Boes olagls ol
610555 2 9925 b g wiis (il DY gaze plw g s
g dival (slaowl iy (g g JoB oolie
iy Oyge dn el e i) Jled ey SluS g
ol cmlinl e e N 05 18 i 51,8 soliiul 55
PN S KV ~SEE LIRS - B3 U PR WP R P
(S g o polio SogdT ales 5o sl ails ol ,ap s
sloyl damme J1 L ioliél gy idae U slag Ll
& Sd by 6 5lon Gl )] 9,50 ;355 5 0
(ol ogbye g oS Gble 0 0imy an als Slals
S e Lo Lo 5 0393 Jalse JLaSH o ol e
GO S 09y =l 5l g s Al plsm g L

o ol olulo Jous g @ygl8 dbosl, ol o
P . XT3 SLURCRTT R FESPUERE P PR
5 o9 bl sloasls (Lil (dame c;
39y 0 le=d d (2le s Sy aolie Sl ol eoliul
Ot Sy dna ol )3 Asu g sl o) 5l (S
=595 Dy o5 ey ol ale Slasls
G O35 1)Is o 4 a5 s o0l 55 j0ue dans
5 iz BB S5s SlaS 5 el el slaseal oSS
CiS glalaze (00,8 s ban s Jalse (S
ooy 31 adgi cailyglid s a8 o Sl Soo
3y5m0 Syeeds DVgame 5 LoouSly Lasiisn
@2l sl 5l Jol> slaygig 05,5 oo )58 ool ]
Sy (oo s 2l (2 Llie Jo 4 oale Slnls 05
ailoy 5l (6510 1 05 iy Aty 3o (ials sl ool
oSl alP e (e S )02k 5 )
31 Baes a5 0 il Jglie )lad slopgin @l (ool
IV] sigt oo 0y ctgS o lae L bgas (3lS



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

¥ 0500 1Y 0,58 1P+ F s

O oy sl o (ale (mio 55158 axly ez Sl
igad pySokS 90 slade ;ST ;o gl o (6 sla
«$33) gz 3l ey adolBl Ladiges ol ad )5 a0
4 ol 5 il a0 Y sleo Loy Somelal ST L
o slo S0l 5 wias ools g i g Cds JolS jo b
Glodised Mgl Bi> 5)ls S slaosile 8L o
b Wi oyl (sl (b sladnS )3 o0t at il
slos ,o (Frio 3 B 50 @l il Sl pll Lo L

RN SR GG JX g WP U o

Do &y dazeio sladigal g e al b SLeT 5l iy

ol S clwaz 0 f Gloo b pxio Jlosu o celw VY

Sl 5l ooliwl L ga ) Slgs (e 350 ol )

¥ oas S clas 1o g ol Sl Layly s 400 nio

o3lil Ly eS8l b aiads (5e—ed 3l 5 il a0

lolddly Jol> paz 05l Jol> jin Lo V5l eSS
28,5 1B esliiul 890 B3l om ol sl

03 u)w 6l—f°449—~ LLQ@)} C‘)M‘ )3_,4.~A4_b
O aiged) Vit /B gazm> Cond Lip 89,5 L ol wlals
99 90 O+ u.c)_.»lgtnal..\_ou\))p_hu_?usdl_J(_gLoé)é
Laiges izl pewl ol 3 JoesSS 51 ey (23,5 )|, 84430
Soy bgol S ilvwax,o Ve slos o addo Ve Gos ay
S3l> (rmn HLE o Sany il Yo e o xg 58 e 5l 5 S
9 (_g)l_wL.\} 8o l_> 03— C‘)Z'_"‘" ‘_ng..x..,_J 9 ‘a)J”lS
031555 sl oz oaile (b (g n el s S g b
el b Sue a0l F gilw a0 Ve gl o (S Sis
oaleiwl L oo SCis sladiges ool jo 0s S
S5 T S e 9 Wb ol iz sla]
20,5 oolal g 0ue com Sl gl 00

ool 555 S L 00 o155 oz e S0y

C eSS gunil g g0 an ;i O] o (W/V) VY
S5 )00 sl 599581 L (yemeilimsgs PH Gl 0
D mudas ¥ oga> pH as o, B (HCIT N) Jlo 5
FoswasolF ailuaro Ve los o 5dgyumails

Lol 60,05 sty SlaS 5 adgi (gl dieiss)l
Slallas dlodisS ol g 5 golaidl Canl 3524
s so9— olole Sluls 5l ety o dgi o)l ,0 (sogu e
Ol sl il ool plowl ¢ olie jos adlaie jo 05gan ¢ L8
Slauls ol hawd Gl a5 (092 Loy dxwss o)
Slogginy 4o (Fomlly 1ol el alige L3ty 4
ool ol Jaore S 6ln6?¢9JT oealS a ¢ Jilo g
9 s gmbio Hlanly axgi g SIS 0 ;5o 00954

oL s ogdle Vs ans suss sla g CopheS
S g g yed a0 g p Sbale il olend
03 50 i) 55 (S 0 S hee S5l ael gl
OF & @ds CadsS G sl @) bk Sl S
Sl )l 5,0 0 5l sl o o] QUG (gus
J—Js 4 Escherichia Coli o ool jo .ol oL
08 S 0,08 5 s v sl andns slajls g o 0
S Olge a5 Hsld Sy 5 (S g S Slalllae o
b )0 i 0, Shee 2l Gl ilie sl o
ol oy alie 2] 5,05 o 51,8 olatl 050 ciS
sl b gadds Hsin gsle glalae )0 6,251
35,5 bl o, 0 (suieds )l ledlbl ales o (gL
ik polp Jyarme Ssio
sl s ady Saa by ol sl el 0l
35 o5 o plomil b o (oog plesle Slaals 5l gy
Pl anslie 5 oyL8 gl (oogm slodisS 1 aalllas o
sole @live il (oo g aee Lt sla s, e

0S8 et adsl ces Gla STy arwsi gl
(Sl Slmls I lanl eolaiwl cgr o 1550 (5

30 e Sl Cgi ¢ Jaore Cnny Ol S ialS
Al yenS delw gble

Bejg) 9 e
Slae slacil g cowg Lol Joli ale oluls
@l Jolts olae i adibaie e (s )Los sLaaisS |
et alize sloadiss gaswlel> ol L jo5n

YOA



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

\/

P oo 1Y 0358 AP F s

Al PH atg bl b 50 (a5 o3l 5 91,8 il az o
4o Lo 3l o soliwl of 5 cilw a0 YV sloo 4V
3o, 3 VMO | piga 40 o 3l G b g asllos & j90
Nl 03938l e e (9 bl (W/W)
AB83 590 100 ey L jlo STt 555eSTl o g 0
Ao 31 o5l Jlad e gl od ploil celw F ose a g
aado Ve Sosdas ol S le a0 gles o Ladiges

LTeaY] s ools &)l >

Lo Jln e 5l 3 Laclids o ey als 5o 4o
PN oxg 3550 5l 2S5 G9rs g ol S Hlw az o) - sleo
Jolo slocibl g caiols §audy yiilw 4B 80 Vo Oub 4y
EIEPRIRETINE NPT S I ER NP
s Scis gl sl

lgyoue 4z 0 g iy ale oS

O Oy (i S5, gy L JS oy e bile

N sdale aals o BSA) 8 6 u—*—"ﬁ-‘-ﬂ 3l
oolaz_wl J)‘J.:L._..u‘ u‘}.&da)_....l‘sl_..a)_arb;&.n VO [y
S50l gl OF e zoe Jobo )3 (595 i ams S

J}.l?u L L.QMJ}N «(DH) }—:Js)&a@ A ) G 6‘)""

Gae dy g by (g9l ooz Cous 4 o ,0 00 TCA
Veoroxg o, gol, S ilwasof glos 0aiidsld
YA zg— Jyb o iblngw oo o joudy il
sy Lo pSojlail polas DY) o (6, Sojlail il

o alool Jam e ), S5

, Escherichia coli ATCC25922 s Jatwl 44w

yob an (o,lou ain b ooy S (LB) =l L o>
los o0ty w38 (2l oy slaggin b U
Sde 4y 48,35 10 190 V0 ey g0l Sl a0 YV
Fasli B mya o 53 5,58 Sz 0 ool el Y
S5 3t 3l e s F (6 ool el ¥ s
Ak ad S L e S lemie an (el oS 0)

\ Luria-Bertani

s ploml S, Lyl o 5 sl

b sles U Jodowe g yune ey 0L 5l

Jlosi Vi S gpm | elinl Ly 5 0 S5
W ad> e o IVl ans F s s pH L NaOHIN)
Al 53 cos gl 2l 5l ooli ol Uy Jsdonels olgs
lacsl oo il Jokoee aiois lo> Whatman No.1 sLo
az 070 loo o L3,z 0uiuS s oKy Jleslaiwl L
PRSI RPN Y [P N WS iR B SR X g &
e bass F Sas plog 8ol ws jleslawl by e
oy 0 51 ;e Cagh ) b (gl 39 y00 5l Jol> sty

Sl ocws 4

o7 [($39 Somd boad (0105 (22 (B9 n 09

PH ot ygemibwgu 03590 yhaie Ol ,o (W/V) ):Y
Jer | prdes aaSg a0 Sl osliinl Ly (geilge
Lo 5o dg,one ol [A] ans S e WV U
byl b cov g celw ¥ ooe a0l F ilw as o) - o)

b sleo U ol Jodoo g o0 oL 5l ey
PHL Jloy ) Soligymee ol L g 9 08 S5
3l 5 Sl o wen ado o yo [V ans 5 s s
Fooslos ool pld Jadore ol ools jeue yaily Slo
Clale o, B Ll b cos g ol 5 sl a0
Wges wsles o JA] 0ms 8 L lis (W/V) oo Ve ol
O3t o B ot Sas e n 8 iy anead Lol
ol e s 650 g e 5l ol

et Ol jo eod S8 oy eBign s 5l (W/V)
039! slam sl gilw Jladpd jolate an ah 4y
Gleo U Ladigad e ol 0ol Ol > ad 80 Ve Das a4y
)'L{:T JUNPERES MT)S 5 A S (So._;.}ﬂ Cdled 4

VIR

00 slos g AD ol pH aiige Lol o VST o 351



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

¥ o ki 1Y 0590 AP+ F 30l

o2 990 o3l g (@l (gal 3y 0 Lo,
oy 5o Ll Ll e 5 i p las i g 285 )13
2% ob;,l Escherichia Coli s 251

a2, GVl ol 3ds 000 O s mls el

O oegy cbale Lol woiils Lo bg, plae 5015 5=dg 000
a0 b olds 5 Jg 0 Jolie ;0 090 15 ol b
selopden 0,5 adsi (6 i (g Sdale S g yune
g n cbale 4y celw YR U Loy Gl L 5o (oo 5
ol YL LS oaims s oS il Cs oYU e
Sl Ghey a2 a8 ams oo GLtd ol (el b,
b 5 dsyamn sy Lol il oslisal L6 g5 oy
3519 g (63, Nhes S g (oS S S (oo

s alol S5 4 o Lales]

IS5 aw U ol SlS oy b o o Lo igle;
O09= JL_A)J ) )‘ o= Laosls .asa PL-?U‘ J.L«.:.wo
Logmills (en 5 (Bgiymamsl —B9, S5alsS (5a3D)
(ANOVA) 4,1, sl Jdos U iomg) 9mes))
Sg2g Dygmo 40 Nl Jodod <[00 (gl e maw o
D plol o SSls (gl asaloaiz g3l s ime B
a7zl g ploul VA a5 s SPSS 1y 8le 5 U Le Jdow
At S e Bl £ Silee e

yazsl

RS PR N PR ER PSRy TR I PR

gs"'.‘.}ﬁ gy

S dg o

ol 3dgydad

(mg/ml) gy (ao,0) jlgyoup ax s (mg/ml) gy

(22,0) 5elgyou az )0

(mg/ml) opsgp  (2o)0) g s a0

I =any Y£Y- V/AEYY

YEVV/Y V/YEY . VIYENPIY

SHr b ool e e (alaod slagiy, L anlie 5o
OSg g doyd ALY (g g oy ol e (gl alaxMe
al, (al_'; o3le j0 piigp Ao P YLD g oad 3 dg 0
2 sl Gy 6 3l S el onl endliS ol

SBboe ple Olls 5l g (2Ll g glFe

alize slaby, 0 Glgn Gloiw (oS ol

duoélo w[_..u‘).» u_..u‘ W) d_ﬂ)‘ A de_) )\b )_.J5)M
Sl gy L aslie o LIS 5 Jg 00 Jol>
P9y 98 2 Sl axgi o Jlsye 5 0 6,5V0 LIS
Aidgy ple ool jo LSS ki (lgone shyls slends

51 9 LB (gl Lo sbgy a4 0uls judg s (puiig y plS 00l g (rig (3l iwe gl Y Jgu

gs"-.‘.}-ﬂ gy

Sl 3 yaan

LS g e

Pl oole (g JAPTRVE NP3 Pl oole (g

eyed ey ps ool (ptigp JAPIRVEIRNE Poe

oL /b Q.Y Yot /b

YAE-/A ARE=23 A+ £

b Sl ol ol oy gl il Gae o]
9 e n gl g o Bl g e ley il e
el 00l g ey CdlS Dg o

sedgyae a5 s oo lid Jolaz slaosls (faaze yo
Aoy on i L by o il lyie 4 (e 3]

9,08 s lie 4o by e ¥ Jgax slaools

slapley 1o oo Bl Ubg) an pls ool gy g 00
Ly Lmools eyl olol s il (el YE 51+ ) i lisho
Oy p cbile welw Ve a0 5l 5 dgsae le; il
el VE leg jo as il iolidloa s g0
b e pls oole (yniig O o s Jaa> stelin Slaae



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

\/

P oo 1Y 0358 AP F s

Ciliseo layloy 5o s0s 3T gy 4 oo Jdgrau (g el 00l g (i (3l iwe S Y Jgu

el Y Gowo @ jdg o

Celw Ve Gow a jdg o

Sl & oo 4 judg o

Pl oole (139 JAPTRVEINE Po Pl oole (g

FAPIRVE RN 750 p eole (ytigpy FAPIRVESRNE P

Yot /b Q.Y Yot/

q.%-/4 YY£-/0 A-EY

1048 Lol o ole Slals 5l ol ey (F US25)
8l g 50,5 S, glyls oo eole roles Y Sl
SLoglis (il 9 65l i 4 Samd 55 S el
Luls g aJsl ools gline Live 51 25U Lides (g ,0lls

Aibon gy » P 65908

elased gy 99 ;o aS sl Las adlllas (ol gl
Lls Ty ool Slals 5l s addsi el aLls 5 o
Sr—in il a4 5L ol Jeame 4z Sl i
950 (335 L gloaiy 0 L (gal 5dgyomm ol
e Slg3 o 45 Sgy ol yen ;WG Sdg 00m a0 5 150wl
O S Sg 3l 00,5 (Foliie (sl andns plys 4
0590 3 099 o8 s a2l g0 5l Jol>
Sl (Sislsms See slod )5 6l i Fae Sl s
Al ool e us

P dsiz) s oy sl 5l ool slaesls

o oy slapgin a5 sl (Lad zodg 4 (V JSb
E.coli o) 5l cole Sl ;13 51 oLl 5 a3l s,
el P o pliasyls ilas e b alis (60, Sles
Ay an g 50 6y oladol 4 5L a9 45
g ol gleaidl oy ol Cgllae mla w4 L5 o)l
ol 8 5l gy )0 et )l Lol i d ol e

1§ yS el 9 Sy

o lsnle Slals 45 ols L5 adllae ooyl gl

Sdgh sl emlie (grie (lse 4 0l oo b 0
g e gy A (655,150 5,5 18 ool 5 )50 gty
eleclidy am oy 4 yomie a3l g oLl (gl
azyo sl as ol oglate alierdsn Lo Shy L

2 9 JHB Uy pls esle g o g j00m (S
5525 b o5l selg e )0 YU cot ST L slagsin wdy
4y (g e Bad Jdo e gyl ao)o
Gl gy g cl Lao )5 (B Gl (ol
O=Sg Sdsi jo 0yl (6, VL S dsiae Az wiz e
S § 7S 3 Sas gy (S5 e dale g ou s g 00

Sl Lo og, plw a

» Ecoli as) a5 o s ol adlas mols
slaghy; 3l saddy slaggnn ol et slaboe

ol el 815 g B glatglis oy o i Lt
Sl 00 ools ul—AMJ Y JS—MJ 9 ¥ JB..\_‘> B l—‘bs'l'.’.))‘

G O3 9 o] g 45 ol LS ol U]
@ )ls 6,Sh ocd 5 cnles o alis SlS 6o, Slas

(OD)kg)DS;.;A_?Q‘ﬁ.oQﬁ.gé)los:_uJ)t}‘4_76)5_'9
U?’“‘““ 651_9 Jam (P>~/'A) dis odwline .L:..m 9o U_"
Sl g Ll S5l 5 0,8 @l (g8 ol b s L8
s lao ( plie o ccilas gl e b (o G0
ool e el g0 s 0, Slee (gal e Lioa s
3 S kg B ek A (6595 @i Oliee e
S92 A_..u) OMOGL&J as (P<~/~&) Sg— LQOB; ).:Lw

ol byl ol 6 ,S

slongin aS cowl 151 SLs adlhe ol slaazil

lin (S0l tlys o LB 5 o 5T g,y 4 g0y
S CoiS glahow o gyl sleaggn sl
slcuagame Jdo dan gucul g 4 S ‘5|L> 50wl

Dl g eS SIS eas 53

aiged L oyl slopgin (Said sla Sy amlis
Og Cdb g S5 50 wgwsme ladiglas suimo s g,lew



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

¥ o lod Y 0,559 A FoF b dl,..nﬁu.u -lh d-h.d |

Sy oS bumo b s lio 9 (550 9 sl g 0ud (9 (9l S bawe 4o Escherichia Coli )¢5 wio gl :F Jgua
&l 27 gy N RN PRV RV R PPV
\ .4 " -5
1.5

y=00021x+0.1182

R® =0.9982 /’

15
* Seriesl
—Linear (Series1)
1
// —— Linear (Series1)
05 /

0 T T T T T 1
o 200 400 600 800 1000 1200

gy AL (e g bl e ) S

SN b e Pl g el e e gl gy b g

Gl g ygi 3l Jols LB s busxo jo a8l oy Escherichia Coli g S (69 i iV JSKo

ool o (b Gl ls 5l Jolo (g (1Y S
Gl g (@

Y#Y



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

\/

P oo 1Y 0358 AP F s

aisel glanewl L auslio j3 chwgio Job L slassiy
las Sk by (5,00 08liinl 5 iz o Lls il ol
5 Jeols Sase Loy cmmmen [V o] as)ls
OS5 madew Lo adez Sl oLl (slac e
9y Sy Sgty Ay o Shg,d SLS 5 LS o cl
i 9l 6l o Js ol b [A] o S8 lapnslS)
900 oS5 sl Il plonil  game SLS 5 ol 530

L]

clle b olaogn w8 a5 (a5l gy

S Ry ool ad e cnlie sl 008 ClS s VL (059 0
SleSadstis n slampl polaisl o, Slos 4 Glss 00
Sy 00 S (Ss )3 (e 5 YIS a Lo
NS B PP WO PURWINE ES U NN PR Vo
o 4 9 955 (oo oLl (5,5 oo Ll 5 Voo
St g ol el glaoal oy 55 ezl s
onlpbo LA coul s T o Ggllasl oils &Y game
Skl L (g0, Shoe slaygitn adgs )0 9l o0 g 0
ceolin Sl ansS (09K ot sladae 0 008

Escherichia s ,=SU 3l oolaiwl b 05,500 oy ob )]

@l g e Sl ol slapgiy a5 obs Lis Coli
aslio 0B ca> jo ) 6, L o, i wily el g
3 el g Jalie jo 0SS coles gl e b
Az ool ol Lis 65 s 0, Slas (gonl 3y 00
ks 4 Uspo sty ol i IS 45 wiS o 0l
helys asly s aly g o a0 L ey
S Cabl ] slanl oS 5 dlaasis ojlasl asle
S Slas 0 b oas losb OS5 jemas Jlaixl g (b
oS slagig bl ol IV T ls pess T Sl
WAt bawigie g 0lisS laaiy 5l Jolaie oS 5 (g9l

RO COPITINL WO | FLI| P p-Sv i @ujsi/ubl

oL hegh oml gl (Frte g (505 ase
@ wilys oo e o aslaie o ple Olauls aS was oo

A58 050 ot Sudgi (ol die i)l gl adsl ool laie

295w by 3l oles Qllgi 5 (s clale o dg ae
E9 a8 Sl ] Silo azsl ool ani sl oyl [, uss L
Sl Gt )0 00 S ot Jalge 5 (S 5 dgaue g,

el (et alie 5 sadgi e

Oy (gl g0l o] s a4 ol wlwl

Oy SLagh)lS L as ol plai 1) ods aie az o
Lo wand i 4 lesae by el oml VY] 5 s Slsseen
Sl 9 gaitn slavisn (eSS o YL sles g gurl
L -ols a0l aiel slaosnl § o oS sl
gy ble o eS ol slaclid g ane (ol 05>y
cbale pall o Ay pw) 9550 slojles Gle yo 1,
5 sy e 55 5l o5 Vet e ol )5 eSS
slosawl oo 5l i Gl lws (g p LS 5
sl d agans Ll ol 3l g sl ol lT e
TNl ol Cgllasls ol oY game oSy Jlois!
) 59 yoen az 0 ilgs so (ol 39 00 4z STl by
1 335 S U g ol 4 Lagy) Lal s iyl

A oo lis a5 Cwl gon Gl JoBuuo bl o

9 ol Ll po 059 4 oty ol s ae
G2l g el LS 5 e 55 L Sl (S o 1>
stk ;o [¥] ol ol ea Jyamo ol aniss i3
cbie 0,255 Job L (plaastn S99 (29 Soe &S
S ) 955 51 gyl 12y )l (0l Cvoal
039 P golie plse o s 5 olisS (slaaty
Lo iy a5l G a 5o «g ) sl 5l aaS oo ool
ool oS 5 hSeis by SzgS s sloasly 4

Aes alS | ol Jgjae ol andss oI5 aslyy oo

5 bwsie slgyaem a0 L oLl 5dgjaee ( lie o

Ot Wilgs oo oS (al 09 ol por SVL (G (slgione
g dwgie Job L gy ol s o o> oaao
DBk oo sdg 00e (Al slacnts Sl (25 puole Sl
e (8l 0I5 n oS 5 i 2 ) 51 M4
b sl ogdlae (09 Se oS slalarome o (559 0



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

¥ o ki 1Y 0590 AP+ F 30l

5 S50 O s Gl el B b
oo 53 9 S8l (smm (sre Sl w gl oo
sl Lagoms 10 00l al 8,50 9,5 LS 5 el (sl
alize la by amlio wigd 7ylas 09, See iS
stz BB S 5dgsnme anld ggias ol L g 0
bl g yuns 4z o dlex Sl 2led s SRy
Ol )0 2,0 (29, See a ol SUlsS 5 (g
Ot 4281 ol 5008 o) i 390 Sl
cdale poals Jdoas Ll o, 5 olsl 1) - dg uum a0
Escherichia o, 5l colem j0 jaaes o,Slas g o uiigp
Sludss coa S b ey 3y 6l (ogdbae a5 Coli
el Glapsin (Jolie )3 095008 Cgaie YU
Ul 5 gy CBle S5 5l a5l s Ll 5ds e
g sl Gl (g Folio 3, Shos (02970 9 5l Cylos
(el b a50,S sloml (gl (g b aclie LB g0
Fobio @lais) OlsSin y o3l s 2leld g0
ol ysi o pleale Slals I ety a g 6l
CordeS a4z g5 b ool dge () Sl iz e el
Sl g |2l Sgpw g apo o Jgmamme LS 5
s cggmame 53 20,8 plonl (rio wlide )0 anys
Sl 5o l8al, wlgioe st a (ple wlals
DY gazea 03958 (53] 8l Ot slasiloy 2alS
ity gmlie 53 68,8 slosle a5 Ll (il
Slatdl g ol anwss Jool Ly g 0l 55559, 5
)l SlyFen i o

U3 Szl

iy > GV Jgel 5l 59y

IR.HUMS. o )le_ss &) 3051 aanl gllo dalllas oy
il ayn S_by psle olS_iils 5 REC.1401.245

b (>
St pele oSl Jls coler Uy iaghy ool
u...u‘oq_w‘nl:;u‘(\c' \ '\“Y&)C)_,ao)b_wu_’;usulf)_a]m

U N 299 &5 Hldeo

RGN FUNSON- [ EPEIE SRS E S NP IR OE g -
535,08 YL ol Voane 6,18 (clalypin 4T Cnsi
by tgd (o0 0 (295 b (G b ) L
5 olamdl Kl Wl (e ale Dlals Sl ety w s
o2lb i) @l 5 ool tolesl 5L 51 (ase (sl (oogm
GedlS cemge s Slls 5l eolaiwl aSGT pgs S
9 L;la‘;m S §¢5_ﬂ )L: uu_tblf “_sﬂ Lngb..\.sLo_m.: x>
sy ale glio (ool S gamo w558 55 i
Foa] C PR EUWIP U DO U W % Y S S K| U OV S KW

bl y5a8 ol 3blis 5 (Lo

il an b ol (et axwgi wosllae gl g7y L
A slaz ST a3l 5 dg e ol oSS sla o) p
Ol auza bl ol (g 2 sLalie Joame i
Wlg e al b bl s sode S a5l g Lag 3l
IS g oS sgazme | Gl ol 6 mdy el
A5l el g (ol g o aiile oloend Lo,
Lol el o3Y Lal syl coyjo L2l cdgpns g 4o
L (el a5 050 silw atp gl S 4 LT a8
oS g adly a3l (et (ol 405 CaS i dgi 0oL
ey JBlas s O dlasl ol OV gas

bl e wes oo Gl imghy l mall (e

a5le (az Ll Sl o S aols gudy e caS
o2 S 5 09-b plonil iy cbale Ly 5oy panm az o
ol shaes @l s slalase (o g o015 LB
Cole> 5o @—:}3—‘ 9 2Ll slaggin ool o), Slas ¢ 133
slao )5 s oslil B ooty wy sl i

A1 (S 5elgag S

Y7¥



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

¥ o ki 1Y 090 A FoF 300

s al g eade (slpime oLl sl (ingn,
e (b jo oS Lin e cuglS gt ol
oS 5 (6Ll sl Judos sloul dlmosls aepllas (g,9ls,5
lotalesl hos il il otes sty slaasily
oimlny oSS lie 5 e b sladSSsn bl
slagialojl ploril 1o () 5on s gaame g tly e oo

adlie oled pinlpg om0 oS Lie § oS

BUs p)les
s spms iomgty ol e L L s il

1935 5 yLi

5 O sl (o) Sen g Clox b 0l gl
Ailosans ity ol 4o o) plosl 4 calizee slaylols
slaple s 0 )8 bl ol (>
S oies 0 oo S0 allhs 6l Sl 90
Shl bl 4y (B e lewl SChials pytme o)l
5 adl aes Sl § saa gle glasl, (U
Ol S oo S5t ailoras ¢ gy ol idiie e
GAJ.c Slaal o i o 611)’_“., ol 0ad s slas,Sen
oy aslae oyl



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/

Autumn 2025. Vol 12. Issue 3

10.

11.
12.

13.

Journal of
Preventive Medicine

References

Agriculture Organization of the United Nations. Fisheries
Department. The state of world fisheries and aquaculture.
Food and Agriculture Organization of the United Nations;
2018. Link

Russo GL, Langellotti AL, Torrieri E, Masi P. Emerging
technologies in seafood processing: An overview of innova-
tions reshaping the aquatic food industry. Compr Rev Food
Sci Food Saf. 2024; 23(1):e13281. DOI: 10.1111/1541-
4337.13281 PMID: 38284572

Li-Chan EC. Bioactive peptides and protein hydroly-
sates: Research trends and challenges for application as
nutraceuticals and functional food ingredients. Current
Opinion in Food Science. 2015; 1:28-37. DOI: 10.1016/].
c0f5.2014.09.005

Robalo SS, Silva LP, Menezes CR, Barin JS, Campagnol
PC, Cichoski AJ. Enzymatic hydrolysates of fish by-prod-
ucts: Technological advantages and bioactive properties.
Ciénc Rural. 2024; 54(8):¢20230523. DOI: 10.1590/0103-
8478cr20230523

Setijawati D, Jaziri AA, Yufidasari HS, Wardani DW,
Pratomo MD, Ersyah D, et al. Characteristics of peptone
from the mackerel, Scomber japonicus head by-product as
bacterial growth media. Biosci Biotech Res Comm. 2019;
12(4):829-36. DOI: 10.21786/bbrc/12.4/1

Setijawati D, Jaziri AA, Yufidasari HS, Pratomo MD, Ward-
ani DW, Ersyah D, et al. Characteristics and use of peptones
from catfish (Clarias gariepinus) and pangas catfish (Pan-
gasius pangasius) heads as bacterial growth media. Squa-
len Bull Mar Fish Postharvest Biotech. 2020; 15(1):19-29.
DOLI: 10.15578/squalen.v15i1.437

Priatni S, Kosasih W, Budiwati TA, Ratnaningrum D. Pro-
duction of peptone from boso fish (Oxyeleotris marmorata)
for bacterial growth medium. InIOP Conference Series:
Earth Environ Sci. 2017; 60(1):021009. IOP Publishing.
DOI: 10.1088/1755-1315/60/1/012009

Mustatea G, Ungureanu EL, lorga E. Protein acidic hydro-
lysis for amino acids analysis in food-progress over time: A
short review. 2019. Link

Arumugam C, Suliman NA. A review on the application
of fish waste-derived peptone in microbial growth medium
and its extraction methods. AJLS. 2021; 1(2):5-8. Link

Ben Rebah F, Miled N. Fish processing wastes for microbi-
al enzyme production: A review. 3 Biotech. 2013; 3(4):255-
65. DOI: 10.1007/s13205-012-0099-8 PMID: 28324586

Ishak NH, Sarbon NM. A review of protein hydrolysates
and bioactive peptides deriving from wastes generated by
fish processing. Food Bioprocess Technol. 2018; 11(1):2-
16. DOI: 10.1007/s11947-017-1940-1

Araujo J, Sica P, Costa C, Marquez MC. Enzymatic hydro-
lysis of fish waste as an alternative to produce high value-
added products. Waste Biomass Valor. 2021; 12(2):847-55.
DOI: 10.1007/s12649-020-01029-x

Ziyaei K, Hosseini SV. The review of hydrolyzed protein

from fishery by-product: Production methods, applica-
tion, Biological Properties. Journal of Food Science and
Technology (Iran). 2021; 18(111):383-95. DOI: 10.52547/
fsct.18.111.383

266



https://jpm.hums.ac.ir
https://jpm.hums.ac.ir/
https://jpm.hums.ac.ir/
https://asc-aqua.org/blog/our-take-on-the-latest-state-of-world-fisheries-and-aquaculture-report/?gad_source=1&gad_campaignid=22997301767&gbraid=0AAAAApAaEeCU1c6CacCCCTYYDlq9ZbaSC&gclid=Cj0KCQjw6_HSBhCpARIsANvVltaXeySf655INPO631dmKdSu9sWJdfnKX9DzkuTVb1BjkkBIiHhlzu0aAv0NEALw_wcB
https://doi.org/10.1111/1541-4337.13281
https://doi.org/10.1111/1541-4337.13281
https://pubmed.ncbi.nlm.nih.gov/38284572/
https://www.sciencedirect.com/science/article/abs/pii/S2214799314000095
https://www.sciencedirect.com/science/article/abs/pii/S2214799314000095
https://www.scielo.br/j/cr/a/GNXJchwhHbb4JSYrthL3D7r/?format=html&lang=en
https://www.scielo.br/j/cr/a/GNXJchwhHbb4JSYrthL3D7r/?format=html&lang=en
http://dx.doi.org/10.21786/bbrc/12.4/1
https://doi.org/10.15578/SQUALEN.V15I1.437
https://iopscience.iop.org/article/10.1088/1755-1315/60/1/012009/meta
https://keypublishing.org/jhed/wp-content/uploads/2020/10/03.-Abstract-Gabriel-Mustatea.pdf
https://ajls.journals.unisel.edu.my/index.php/ajls/article/view/17
https://doi.org/10.1007/s13205-012-0099-8
https://pubmed.ncbi.nlm.nih.gov/28324586/
https://link.springer.com/article/10.1007/s11947-017-1940-1
https://link.springer.com/article/10.1007/s12649-020-01029-x
https://fsct.modares.ac.ir/article_26343.html?lang=en
https://fsct.modares.ac.ir/article_26343.html?lang=en

