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1. Endoproteinase
2. Exoproteinase
3. Cathepsins

4. Serine protease
5. Collagenase

6. Calpains
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Enzyme addition
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Enzyme inactivation
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Coolin
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Recovery of protein
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Fish Protein Hydrolysate

Fig 1 Standard process to produce fish protein
hydrolysate[30]
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Polypeptide Peptide with two-end carbonyl

and amino groups
Fig 2 Formation of two-end carbonyl and amino
groups during hydrolysis

oS }:J}J.'\:A L'J';J}J?: ‘_Q\AC..;J{G -0-Y

S el sap¥o,de 5 Ll 5l e Al Oolae
Glas )lS el e (S5 dsm glas S slils O
(ACE) ) (e 5T w57 (5lgn Sdlad A5le [EY] 5,15
o [YA] ol 5 [EE] ol s (g aSTus Sl
o > olizal 5 [1¢] Cryoprotective'” olse o o
Oemman )l [£0] Sss, 0Ll ehis 4 Sl sliE
e Gk el asle (3sLeS slas IS el shls

Al 55 DT OWLS Wi, ¢l 035 2
ozl (el 48 5 )50 ke cpl 53 (Gl Sl
Vel 3T 5T (solee e (Y011 OLSes 5 ol 5
s S S Jeols ol s gl s, (ACE)
Glotisy 5 old wud Gedd Faxr CES el
SWsx bW bl el Sl

L33 )3 ey 5550 |, halodenitrificans SK1-3-7

Virgibacillus

Loodd & b S lasdssdes oS Wdows a2 ool 0 5
L (ACE) (s)lge wlled o 2y do s $A d50m a3
e b Sl Glanlsy 0 = s Ll
s 0Lz 1y 8 (ACE) (olee b a8 55508
cohesl Glaallas b (V) OSes 5 ST L[]
53 (Aapn Yo 3 V0 O ) ol lgodes (85, e
5 L35 eslizal Scophthalmus maximus sl o o
© ol Yo ol 05, 53 SGR s, £ 5 el GRS
Loalie 53 e Gpae 5 Cil a8 g L6 L4k
DS ot CBle rman 5 A3 i dals oy S
LS sk s sl Ol tald os 8w o O IS 2
del s bl s w5 »» FPH #haw 21l

3 o2b Sl Sl 55 dazee SO (oS Clablos Lol ge )
Slasl

¥q.

Lo S SaSIml ol VL el e
[6V]

S FPH Sus S ool 1 Saus s —v-¢-v
Yo ossde O dug ldie 5 el ite doys Vi UYY S50
pH ol s o Sascs cools el doys Vi U
o 2 sl (S EasumpH s Jle j5b 4 das e mul
03 4 Caols ol rzeens .l LV B 550> pH
Cools Aty o3l RS L sl (Sa e S
[EYT Al o SoalS 50 Sauses

ISP XU TN | AT RS K VX < JCIE G- S I
VA B YV SIFPH s O (lueS e b (ges sudows oS
2oedd M gl S O3l £ 5 Ak
S ol sladzy o8 a8 @ ol ige O Jlal b
SISRE ORI U U SR PPN
Sladiy & Gl So s gladsy S Lx Kb S5V
o glees S hle (LI s s l] S
O lis el s 5l 26 COOH 5 NH; il
TEYAT ol fge odd o

S S sk o4 el cd b -0t
S b s o Jlal b Sl sl il
e VA BN el s s gl OF Sl
gl UFPH 0 Jlal cs b [4] cl 5 5 2
5l fgooze 5 eab 5 V] el Bl o OF (55 K
LEYT )l 1y s )l8 o i (g3l3 5 s S le 5o
3y cib 3 s oS- FPH e M —-¢-¥
Sl e R e pH LI3L 5 50 pH
B o PH 3 s 25 5 VL Ve @V
el VL b 5 obile 3l glady JShe 035 035 oS
o e VU e 055 b sz il ek 0085
il e Aol oS C I Giade ladkisy el
Gebl s Wy b Sl aogpsae glaes S s
B Jdssda laes S 4 ol slaes S 5 b S
O Ol 55 b bl (il a8 (Y JS2) 55 e

4] sl e

9. Hydrolysis



AR AR %))‘ AA e)j.)‘\\\ e)l_g_._:

el LBl 5l Sl D as slade sl
S bt 3 el cpl esdle XS 0 oS 1) s
S A 2l s sl sl s slasg s 5S) Lguw-ﬂ
Ll sl s S sl Ll gl
el Aol flg 53 s dies dide odd pdesda S
SeS (g A el &L sladzy Sl S sbs e
3l o2 05 Jpmammn 53k o3l Sl p cnlply S 0 1 5

DA 58 ealial Sl sl w5 Sz 555 L;uw-ﬂ

SS 4ms —

Glosle Olse &l slalis Slals 5l eslinad o5
o Slalo gl asie @S B s v e
Shls S sd o Cpmme s b SLS 551 A
O35380 ol laely 51 (S [0] il e o gme glas 018
ldode o Wl bt (ol aSsn Slels o
s s FPH i wliead [Yo] w2l (FPH) L5,
g skl 5 Vb (oo Shee ol s 4 s
b Ll dilod o OISl 1 el G 0l w0 0T iy
Olg o a5 3503 555 oy cnl 53 (S sbo il 525 ol
(2l Ipame 53 (S 5 (as pl Godle kS &
sk A5 Wl s bl s T GV e
Gl e by bas a8 oLl ghe slge 505 b
(FPH) Wstsan ol 5l Jols oV smme Ol o Liles
5 @l e mleo (i,slis e glaws; o )
lapiass [00] ol axwy e 5 35 ol (Rl
Sh el ot sdsdes s slas S ook axddS
plomil mlie 235 AT elis 3 sl Sluls
e 3 AL J ey b lasysls 4 5wl
Slaabie 4 AT obdo 5 Jal 5 51 23 il Jas
@bl Lo 5wt il o8 el W5 L s
5ol s o lae Blew 51 S Al ol 1 sods 85
5l O 5 S g il e gl ) Sl el
OBL Sy S el plasde G55, Gileeols
Cod e o Shbes 7 b OB GF Al 3 g 5 s
g Dl T Ju e b (S Bl e
LS G glaiasy 8 Cwl dal ol 5L )5

N gams 3l osliel 3 OO Cmo [ Kadr by

¥4

Nesse [£V] b o 28 0 pom JsadS 5 oS
sl oo s S dasn s (TVE) OLs
s3T50 eslel oluamtl ol 55,0 55 ) (Amizate)
S3S AN el o gl Ko Olse a1y (L] ale
on e s Ly edd di s Sl SALY i
oS VST e sl SIS sla s Sl LT sl 13
ool L Amizate .5 S eslizul 35, ,> Amizate
Sl 5 05 Kgas o 5 a5 Sl 0l 518 Sl
S 0L 1 sl OF abtlle & by oS (ilwal gz
0 laddlas b [£4] (WWAY) 0L 5 #1550 [EA]
(Clupeonella cultiventris) \SLs sl ods 55,00
PH = s (pdas 2 53505 olns slag 51 5 eslizal L 1
wly mpl ot 5ledd cady Osgs 038 Wy T
licheniformis s ;SL s 4w CiS lass Olse
Vibrio s Bacillus  subtilis, Bacillus
Ll o« ol Ol s sy LS (anguillarum
3V s ges s mul B odd ssdes s S35
S Laoms 555 ebas g T B 5 0dd s ssds 8
S s SL A2, 55 p i U WS 05y 5>
ol (TSA) Gl CiS bas

PN N PPR WA TP B 4

3 il (Ll Sl Gllpe esdle odd slssdea 35
Seirsn 4 Ol e Ol o fege 3168 Ll 50 SIS
Aot S ax Sfor] s s ol Ab s Sl VL
J3 2sbr g @3 Ses Lol s Lol sl
S e O Sy 6 Al ISKE S S AL
sl el [F] &S 0 alpe K2 L 1, Sl gosls
bt glaos § ol (T 5w sladay S sbsdn
o3 dasdr GSsn 0 S bl Jelse S daag
I sl e oo 5

IS s s s 5 st 6l el bl
Oloy e 53 sdosden b 2uS pssies Bl o s
o e Sl Gl Sladeud Ol comen 5 5 S0
b oaslie 53 Susbsoden sladizy |5 L (A0 s
2 A 3 sl LEE e o claaeli

11. Tryptic Soy Agar



wlasls Sl fols (godd g e 5 5 8hs e

S 93 e 5 2bs (S

[11] Geirsdottir, M., Sigurgisladottir,
Hamaguchi, P. Y., Thorkelsson,
Johannsson, R., Kristinsson, H. G.,

& Kristjansson, M. M. 2011. Enzymatic
hydrolysis of blue whiting (Micromesistius
poutassou);  functional and  bioactive
properties. Journal of Food Science, 76,
C14-C20.

[12] Javadian, S.R., Roshan, A., Ovisipour, M.,
Keshavarz, M., Nemati, M. 2015. Optimizing
the production of kilka (Clupeonella
cultiventris)  hydrolyzed protein using
permode enzyme. Journal of Marine Biology,
26, 83-90.

[13] Parekh, V.J, Rathod, V.K., Pandit, A.B.,
2011. Substrate  Hydrolysis: Methods,
Mechanism, and Industrial. Applications of
Substrate Hydrolysis, 103- 118.

[14] Chalamaiah, M., Dinesh kumar, B.,
Jyothirmayi, T. 2012. Fish protein
hydrolysates: proximate composition amino
acid composition, antioxidant activities and
applications: a review. Food Chemistry, 135,
3020-3038.

[15] Benhabiles, M. S., Abdi, N., Drouiche,
N., Lounici, H., Pauss, A., Goosen, M. F. A.,
Mameri, N. 2012. Fish protein hydrolysate
production from sardine solid waste by crude
pepsin enzymatic hydrolysis in a bioreactor
coupled to an ultrafiltration unit. Material
Science and Engineering C, 32, 922-928.

[16] Shahidi, F., 2007. Maximising the value
of marin by- product. Boca Raton Booston
New York Washangton, DC. 229 — 248 pp.

[17] Villamil,O., Vaquiro,H., Solanilla, J.F.
2017. Fish viscera protein hydrolysates:
Production, potential applications and
functional and bioactive properties. Food
Chemistry, 224, 160—-171.

[18] Luisa Tavano, O. 2013. Protein
hydrolysis using proteases: An important tool
for food biotechnology. Journal of Molecular
Catalysis B: Enzymatic, 90, 1-11.

[19] Tsugita, A., Scheffler, J.J. A. 1982. A
rapid method for acid hydrolysis of protein
with a mixture of trifluoroacetic acid and
hydrochloric acid. European Journal of
Biochemistry, 124, 585-588.

[20] Tsugita, A., Scheffler, J. 1982. A Rapid
Method for Acid Hydrolysis of Protein with a
Mixture of Trifluoroacetic Acid and
Hydrochloric Acid. Europe Journal Biochem,
124, 585-588.

[21] Mortazavi tabrizi, J., Sheyeh, J., Notash,
Sh., Mirzaei, H., Vatan khah, A. 2011. Effect

S.,
G,

Y4y

s s, Wl 0Ll sl s Sluls 5l Jols

AL calises gladisy s ol

cl.'uo -0

[1] Love, D.C., Fry, J.P., Milli, M.C., Neft,
R.A. 2015. Wasted seafood in the United
States: Quantifying loss from production to
consumption and moving toward solutions.
Global Environmental Change, 35, 116—124.

[2] FAO. 2016. The State of World Fisheries
and Aquaculture. World review of fisheries
and aquaculture. 243p. [3] Kristinsson, H.G.,
Barbara A. R. 2000. Fish Protein
Hydrolysates: Production, Biochemical, and
Functional Properties. Food Science and
Nutrition, 40, 43-81.

[4] Wisuthiphaet, N., Kongruang, S. 2015.
Production of Fish Protein Hydrolysates by
Acid and Enzymatic Hydrolysis. Journal of
Medical and Bioengineering, 4, 466-470.

[5] Kumar Pal, G., Suresh, P.V. 2016.
Sustainable valorisation of seafood by-
products: Recovery of collagen and
development of collagen-based novel
functional food ingredients. Innovative Food
Science and Emerging Technologies 37,
201-215.

[6] FAO. 2014. The State of World Fisheries
and Aquaculture. World review of fisheries
and aquaculture. 243 p.

[7] Suresh, P. V., Prabhu, G. N. 2013. Seafood.
In M. Chandrasekaran (Ed.), Valorization of
food processing by-products. Taylor &
Francis, New York: CRC Press 685-736 pp.

[8] Srikanyal, A., Dhanapal, K., Sravanil, K.,
Madhavi, K., Praveen Kumar, G. 2017. A
Study on Optimization of Fish Protein
Hydrolysate Preparation by Enzymatic
Hydrolysis from Tilapia Fish Waste Mince.
International Journal of Current
Microbiology and Applied Sciences, 6, 3220-
3229.

[9] Halim, N.R.A., Yusof, H.M., Sarbon, N.M.
2016. Functional and bioactive properties of
fish protein hydolysates and peptides: A
comprehensive review. Trends in Food
Science & Technology, 51, 24-33.

[10] Arnesen, J. A., Gildberg, A. 2006.
Extraction of muscle proteins and gelatine
from cod head. Process Biochemistry, 41,
697-700.



AR AR %))\ AA e)j.)‘\\\ e)Lq_._:

enhancement of enzymatic hydrolysis of
invasive biomass species. Bioresource
Technology, 213, 342-349.

[31] Hosseini, Sh., Ghoroghi, A., Jamalzadeh,
H.R., Safari, R., Hosseini, Sh. 2012.
Comparison of produced fish protein
hydrolysete from viscera and head of Silver
carp (Hypophthalmichthys molitrix) using
Alcalase enzyme and internal tissue
enzymes. Iranian Scientific Fisheries Journal,
55-62.

[32] Ha, M., Dinbekhit, A., Carne,A., Hopkins,
D. 2013. Char,Hemalatha,R. acterisation of
kiwifruit and asparagus enzyme extracts , and
their activities toward meat protein. Food
Chemistry, 136, 989—998.

[33] Benjakul, S., Yarnpakdee, S., Senphan,
T., Halldorsdottir, S.M., Kristinsson, H.G.
2014. Fish protein hydrolysates: Production,
bioactivities, and applications. In H. G.
Kristinsson (Ed.), Chichester, UK: John
Wiley & Sons Ltd. 237-281 pp.

[34] Liv,Y., Li,X., Chen,Z., Yu, J., Wang,F.,
Wang, J., 2014. Characterization of structural
and functional properties of fish protein
hydrolysates from surimi processing by-
products. Food Chemistry, 151, 459-465.

[35] Garcia-Moreno, P.J., Batista,l., Pires, C.,
Bandarra, N.M., Espejo-Carpio, F.J., Guadix,
A.,Guadix, E.M. 2016. Physical and
oxidative stability of fish oil-in-water
emulsions stabilized with fish protein
hydrolysates. Food chemistry 203:124-135.

[36] Venugopal. V., 2016. Marine Enzymes
Biotechnology: Production and Industrial
Applications, Part II - Marine Organisms
Producing Enzymes, Advances in Food and
Nutrition Research, Academic Press, 47-69
pp.

[37] Ovissipour, M., Abedian Kenari, A.,
Motamedzadegan, A., & Nazari, R. M. 2010.
Optimization of enzymatic hydrolysis of
visceral waste proteins of Yellowfin Tuna
(Thunnus albacares). Food and Bioprocess
Technology, 5:696-705.

[38] Foh, M.B.K., Kamara, M.T., Amadou, I.,
Foh, B.M., Wenshui, X. 2011. Chemical and
physicochemical properties of Tilapia
(Oreochromis  niloticus)  fish  protein
hydrolysates and concentrate. International
Journal of Biological Chemistry, 5, 21-36
[39] Moreno, P., Guadix, A., Guadix, E.,
Jacobsen, Ch. 2016. Phsical and oxidative
stability of fish oil- in- water emulsions

of different levels of multi enzyme on liver
enzymes on functional factors in rainbow
trout fish (oncorhynchus mykiss). Journal of
Veterinary Islamic Azad University, 5, 49-
55.

[22] Yang, F., Rustad, T., Xu, Y., Jiang, Q.,
Xia, W. 2015. Endogenous proteolytic
enzymes — A study of their impact on cod
(Gadus morhua) muscle proteins and textural
properties in a fermented product. Food
Chemistry, 172, 551-558.

[23] Hultmann, L., Rustad, T. 2004. Iced
storage of Atlantic salmon (Salmo salar) —
Effects on endogenous enzymes and their
impact on muscle proteins and texture. Food
Chemistry, 87, 31-41.

[24] Gaarder, M. Q., Bahuaud, D., Veiseth-
Kent, E., Mrkre, T., Thomassen, M. S. 2012.

Relevance of calpain and calpastatin activity
for texture in super-chilled and ice-stored
Atlantic salmon (Salmo salar L.) fillets. Food
Chemistry, 132, 9-17.

[25] Aspmo, S.I., Horn, S.J., Eijsink, V.G.
2005. Enzymatic hydrolysis of Atlantic cod
(Gadus morhua L.) viscera. Process
Biochemistry, 40, 1957-1966.

[26] Ketnawa, S., Benjakul, S., Martinez-
Alvarez,O., Rawdkuen, S. 2014. Three-phase
partitioning and proteins hydrolysis patterns
of alkaline proteases derived from fish
viscera.  Separation and  Purification
Technology, 132, 174-181.

[27] Bhaskar, N., Mahendrakar, N. S. 2008.
Protein hydrolysate from visceral waste
proteins of Catla (Catla catla): Optimization
of hydrolysis conditions for a commercial
neutral protease. Bioresource Technology 99:
4105-4111.

[28] Merza, M., Ewert, J., Baur, C., Appel, D.,
Blank, D., Stressler, T., Fischer, L., 2015.
Wheat gluten hydrolysis using isolated
Flavourzyme peptidases:Product inhibition
and determination of synergistic effects
usingresponse surface methodology. Journal
of Molecular Catalysis B: Enzymatic, 122,
218-226.

[29] Valencia, P., Espinoza, K., Pinto, C.M.,
Almonacid, S. 2015. Novel modeling
methodology for the characterization of
enzymatichydrolysis of proteins. Process
Biochemistry, 50, 589-597.

[30] Borah, A.J., Agarwal, M., Poudyal, M.,
Goyal, A., Moholkar, V.S. 2016. Mechanistic
investigation  in  ultrasound  induced



wlasls Sl fols (godd g e 5 5 8hs e

= P9 e 5 2l S

Bioavailability of angiotensin I-converting
enzyme (ACE) inhibitory peptides derived
from Virgibacillus halodenitrificans SK1-3-7
proteinases  hydrolyzed tilapia muscle

proteins. Food Chemistry, 220, 190-197.

[46] Xu, H., Mu,Y., Zhang,Y., Li, J., Liang,
M., Zheng K., Wei,Y. 2016. Graded level of
fish protein hydrolysate in high plant diets
for turbot (Scophthalmus maximus): effects
on growth performance and lipid
accumulation. Aquaculture, 454, 140- 147.

[47] Ness, K., Nasalakshmi, A.P., Marimuthu,
P., Singh, M., Bhetariya, P., Ho, M., Simon,
R. 2014. Safety evaluation of fish protein
hydrolysate supplementation in
malnourished. Regulatory Toxicology and
Pharmacology 69: 1-6.

[48] Dervaj, Z., Javadian, S.R., Ovisipour, M.,
Nemati, M. 2013. The use of Kilka's
hydrolyzed protein (Clupeonella cultiventris)
as a source of peptone in a bacterial culture
medium (Bacillus subtilis, bacillus
licheniformis vibrio anguillarum). Journal of
aqatic and fisherys, 15, 11-18.

[49] Valencia, P.L., Flores, S.A., Pinto, M.J.,
Almonacid, S.F. 2016. Analysis of the
operational strategies for the enzymatic
hydrolysis of food proteins in batch reactor.
Journal of Food Engineering, 176, 121 — 127.

[50] Foh, M.B.K., Kamara, M.T., Amadou, 1.,
Foh, M.B., Wenshui, X. 2011. Chemical and
physicochemical properties of tilapia
(Oreochromis  niloticus)  Fish  Protein
Hydrolysate and Concntrate. International
Journal of Biological Chemistry, 155, 1-15

Ya¢

stabilized with fish protein hydrolysates.
Food chemistry, 203, 124-135.

[40] Shabanpour, B., Kordjazi, M., Nazari,
Kh., Esmaeili Khariki, M. 2017. Effect of
enzymatic hydrolysis time, temperature and
enzyme to substrate ratio on antioxidant
properties of prawn bioactive peptides.
Journal of food science and technology, 14,
31-45.

[41] Taheri, A., Anvar, S. A. A., Ahari, H.,
Fogliano, V. 2013. Comparison the
functional properties of protein hydrolysates
from poultry by-products and rainbow trout
(Onchorhynchus mykiss) viscera. Iranian
Journal of Fisheries Science, 12, 154 — 169.

[42] Nalinanon, S., Benjakul, S., Kishimura,
H., Shahidi, F. 2011. Functionalities and
antioxidant properties of protein hydrolysates
from the muscle of ornate threadfin bream
treated with pepsin from skipjack tuna. Food
Chemistry, 124, 1354—1362.

[43] Nasri, R., Abdelhedi, O., Jemil, I,
Daoued,l., Hamden, Kh., Kallel, Ch.,
Abdelfattah, E., Senhadji, M., Boualga, A.,
Nasri, M., Karra-Ch*aabouni, M. 2015.
Ameliorating effects of goby fish protein
hydrolysates on high-fat-high-fructose diet-
induced hyperglycemia, oxidative stress and
deterioration of kidney function in rats.
Chemico-Biological Interactions, 242, 71-80.

[44] Barrias, C., Oliva-Teles. 2000. The use of
locally produced fish meal and other dietary
manipulations in practical diets for rainbow
trout Oncorhynchus mykiss (Walbaum).
Aquaculture Res, 31,213 —218.

[45] Toopcham,T., Mes, J.J., Wichers, H.J.,
Roytrakul, S., Yongsawatdigul, J. 2017.



JEST No. 111, Vol. 18, May 2021

ABSTRACT

Iranian Journal of Food Science and Technology

Homepage: www.fsct.modares.ir

Review Article

Review of hydrolyzed protein from fishery by-product:
Production methods, application and Biological Properties

Ziyaei, K. ', Hosseini, S. V. **

1. M.Sc. Graduate, Department of Fisheries, Faculty of Natural Resources, University of Tehran, Karaj, Iran
2. Associate Prof., Department of Fisheries, Faculty of Natural Resources, University of Tehran, Karaj, Iran

ARTICIE INFO

ABSTRACT

Article History:

Received 11 May 2018
Accepted 18 March 2020

Keywords:

Fishery by-products,
bioactive compounds,
FPH,

functional properties.

10.52547/fs¢t.18.02.30

*Corresponding Author E-Mail:
hosseini.seyedvali@gmail.com

According to FAO reports, a huge amount of fish processing by-products (around
50%) are produced every day. Fish processing by-products are mainly head, tail,
skin, scale, backbone and viscera. These by-products usually consist of several
bioactive materials, such as proteins, enzymes, fatty acids, and biopolymers.
Seafood by-products could be a source of healthy food for both human (such as
fish sauce, fish protein hydrolysate; FPH) and animals (such as fish meal, fish
silage, FPH) . Additionally, bioactive substances derived from seafood by-
products have been used in various biotechnological, nutritional, pharmaceutical,
and biomedical applications. FPH is one of the most important products which is
prepared by hydrolysis of underutilized fish or fish processing by-products.
Although FPH has been used for agricultural purposes, advanced technological
developments have made it possible to apply these FPHs as functional ingredients
in food and pharmaceuticals. Likewise, the hydrolysate is also a rich source of
biologically active small peptides that have been proved for various therapeutic
potentials. This paper will review properties and potential applications of FPH in
the human nutrition.
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