— e

P BUNFER

Progress in Fishery Sciences
ISSN 2095-9869,CN 37-1466/S

(L RHEHERE) M E RIRC

H - 157 BH TR T AR 1 R e = gt

= KUh, WA, AR, PEEE, B, EORIE, P, T, EHz,
s, Haft, ik, kS

WA A 2025-06-08

M E R HE:  2025-09-09

g1 g KUk, WM, DR, PR, BEL FORIE, P, KR BHEZR,

s, Foft, i, wEE. BRI EA S g T Tt
[J/OL]. kALt f. hitps://link.cnki.net/urlid/37.1466.S.20250908.1709.001

@n(rr@;»m

www.cnki.net

WIS ER: EdmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g & R S5y
B HEMBARCLE, HEEFRATIF B8 FE TR HEROE i de 5 H e fa 4 )
TURFE RGN CBIEMZ LI HBUS IR, AT AEE MAREE . &, WIS, B g % R de
AR 2 HL DU Y CUfh E ) BV s R P B e 1 o S P S8 Al I 2% 1 AR A B e AUAF £ (il
R ERZEB) A1 CITI AR BAE Y A RE s 2 ARWE TR A B . Bl Rl 77 &g
BB TUSCSR R, AR ARANGGAT 9 S AR ABUT s R fh N 2 LA R 15 [ A R 5T i
HURR AR AR, IERAE MG IVEIE 5307 155 87 ANCTRE e TR AL R IR TE S
N ERF ERAI A BRI, SR ERG — 25, AMRBSOESCEH | 1EH . HUE A FRAER A2,
FURTEE T g A HEAT > B0 IE K

HREEIN : 40U TR EE I S (R E2EARIIT] OsfiBoO) By REHARAREL, £ (FE
FARWIH (MZRREO) HARESRE T & LA 5 405 T N 7 — SR i, DL BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN E R . B (o B AR (RIZRRO) A2 B 5l
FIR) FL A SR A R I 4 S R R (ISSN 2096-4188, CN 11-6037/Z), It LAZE 2 3T 1) 099 4% i 9 24 27
RSN IE AR



2025-09-09 09:46:46 https://link.cnki.net/urlid/37.1466.S.20250908.1709.001

E47% S B W ® 2 # E Vol.47, No.*
2026 & *H PROGRESS IN FISHERY SCIENCES *.2026
DOI: 10.3969/j.issn.2095-9869.20250608001 htp://www.yykxjz.cn/

KB, EEH, DR, BEE, 8% BXIE FB, Tk FBHn, BEE F=F @5, KEE 8KBRINER

MBS NARERE. BRI, 2026, 47(%): 00-00

ZHU J,PANCY, MAHW, PANG JK, LYU M, JIANG G Z, LUO X, YASY, QINQ Y, WEI W H, WEI Y Y, HE J, ZHANG Z X.
Recent advances in the functional properties and modification strategies of fish skin gelatin. Progress in Fishery Sciences, 2026, 47(*):
00-00

£ [ ARR TREFIE AN E S TV et

K B OEGE SRR BER: B 8 BXE® F B°
FiFw: BERR’? BER: F=zFE" @ HF KES

(1. BREREIEFR Tk '/ BT 530020; 2. JARBSEK=RINIECETERT SO
IFEHKRERRKKFRZERRRE T/ BT 530021)

BHE  aRBEREMREZ. FEARENAARRER, BERIFNEYESY. £YE
MLARIITEN S, R, EZMINEEMHSauE RN AN AR, SHFLaIBERREEL,
ERBRIERSEN. BRICRERAEINES AN —EEEMERERRE, AARILIEF 1L
HEEERS. AXRFME T aRPRIVEHANSINEEYE, EREREEIARPRIR
ERMNEIREBER, RENEE-TREBEEENNA, RTEHS FESRNFETASNA
MERERISZIBAE, RIS T SRR B ARPREN. BRI BRI EESIER
i%, BIEVIIEALE. WESKER. BRI SHEERSSE, ARERARW RS SR AN
T T RER SHE, RN E, #—PREBESHEIEFRINEN N, SZEE. S
RUTREIEIRIA R, LEHh, NERRT T BRPERENERR. BYIEEN VLS S OUERE
ENFRIR. ARt NERERAISECHBRE TEICSHIESHRARE, k=gl IRiRt
MIRTRFEE A IR T HTROEES.

KR BRI InRERRE SUESE RUSRENE FLMCMERE

FESHES P76 MEMRRE A NERS  2095-9869(2026)00-0000-15

I

* [T EARIZE S (2025GXNFBA069520)F1/ AAE A & TTHE (AB23026134; AB23026063; AB23026032):[E#E .
%k %5, Email: jingzhul34@gmail.com

@ BIEIEE: ToF, 5ZUE, Email: weiyunyi@unn.edu.cn

WKTFS L HB: 2025-06-08, WS XTRS BIHA: 2025-06-26



2 B #®

BB

BFERE—MBEEXN &P RREBERS K
RIS RATIREMEH, BEERIFAIRMIE. i
MREMESY, ERM. ELMNEMRERERE
MBI iZM IS oy et al, 2024; Yu et al, 2024), H
RTERBINDBR, BERPERKEEE. HlEd
REEOFEM, FEREAREE R (Derkach e al,
2024), 5, EESSMAEYEEK, BERAL.
MEFINREMRHE, AR RRIISYHRREMT
HHRAEMGKIES, 2022), FEAIUS, &K
IR A & B SIS, HIANEREIE S R a]
PRAREARE. FEEE{L(Chen er al, 2023); TEEWES
g, WEATFHSEKER, NZNATHORE.
HYBEERBRATREESH, SETHREFNENE

BHFERAZERME(Darmanto et al, 2024), PAMn, =R
EERAREGESNR, BN AR NEER
REME. NFMHRESE. RENEAMERFEEFR
TBRERAKZEB (Deutsch Lukatsky et al, 2024), 1X{E
—ERE LR THESHEERRRELM R
FROSZIEES (B . B, ESRESENISINEE
BRI FEIME R R AR E N B ERXETS
[(FEEESE, 2024),

Renik SR & AR AT et R H U TS
%, GRR T B ST BB BRATLE. U 7T AR E AR AE
BRIRY TR (CE IR R AR TR ELIRE
AN AEE D FRIER. BENXERTHNERE, B4
B RZRARAIEA TR S Tl R IR S SSLERIE S

1 &RPRAIEEINRE SN

Fig.1 Key functional properties and current limitations of fish skin gelatin
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1.1 F[ERAERSEMRFIT

BREREREREPRIFEQZILDIKESE
N—FRAED FER, HRERAMN ST
RARRE LRE T HINREMEE, HEHIERGRE. &
REURIIEERE BE R/ (Derkach ef al, 2020;
Simon e al, 2003), He, FERER(Pro)fI2 &R
(Hyp) B4R RFREQ=ZIEEHREMNXERE
B, BRPRPXFEIERSEL BRI, JER
DT REEEIRNE. REUAR, MLUEREEEFR
BRI 4R (Derkach ez al, 2020), BEARER, K=
8F (Scophthalmus maximus) B RREHSIEFIA
224.69 mg/g, BESTHEMEN, BERFRIFHNRRS
IRF R (BBEARASE, 2019).

teoh, BRPRAFES FED MR/, HEKR
B, BI85 pEASZREMHIIRESES
(Simon et al, 2003; Zhang et al, 2020), {FEEFEEERIT
RPRERRE5S, MBS, RINBITEIRE(R.
METIRENEFNFHREABEM. B, HER
SEaREaERMINERBSSH D FREMT
1, FMERRIA R 1T /95 AR 4RE (Sugihartono, 2016),

BERC L RERVES R DT

MR FNHBEES, BRFPERERMERENZ
LRETEEA=FE: —R=RiEERiREtE,
T RO FRENERE, =S RTREMBRTHHIRE
(Derkach et al, 2020; Simon et al, 2003; Zhang et al,
2020), HFRRSEBIRSERNEE=IRIREN
ERESFUT RS, BLERRENNEES
(Derkach et al, 2020); FHEBRIE. DFEDHE.
RZEBHN pHEGE, SHEBSENK, NELS
U (Simon ez al, 2003); B-ifrBS B-EEAFLEEMLLHI
RIE, #—FHSETERREGNREESHM
(Zhang et al, 2020), WM, BERAERKKNGREZIRER
|, ERFREAXRAEMMEEERM, EIATRE
BARIBRIMEE , E5IE T ARSI RN /955 HEAR
58y, ARIMEREAIEAE (Bekesheva ef al, 2018; Simon

1.2

et al, 2003), HERSEABRNSMERBRIEMHE
BREMTH, EMEREKIEFHERIBEYE
(Sugihartono, 2016), BB RFKE, FEEDHEEE
(Thamnaconus septentrionalis)BRRBLHETRE.
FE. EREMR NMEREER, EREEERRIER
AUEBRY, HERHEBBR M REIR M T AR F EAH
(BEESF, 2024),

RESHMEIERARUNRER. SR, BFES)
MR ARIERGEE , EEBMRKE, A
RFRERMERIXESEZENINFEEEER
(Zhang et al, 2024a), BlIaN, FHLERRSHETIRFHIE.
SRR ML HMRES , MAERRBRIEN
{EFB#EXIABR (Ramalho Procopio et al, 2024), XfpZE
RN, M EREBREEHKEYE, ZHE TR
BERERK. D FHKRRERBNNEHERRER
(Kolotova et al, 2020), FELt, §X&ZIEKRNESETER
b, RITERRFAE S FLEAEN EFFRE XS SRR
R, BAERRMEEUHEARNAZEEK,

1.3 &RARSEhEFRKIRIBRIIIEL

FRBASBASRIRAYBE RS ERK. TREIE
R EFEREER. BRIFABRKRIRE
BRNEEEEN, RHIEREEHEERS. I
YRFRSERK, BRES. Al AEEFHMER
i, BEGIEABRIEE(Yuer al, 2024), FAFRZFEA,
BRARBEEERSAEREE. REFRIEFKMER
fElnE&ee N, BEAMHERKIEREE S ERIL
2. Hla0, EE & (Pangasianodon gigas)S5EIEE
(Oreochromis niloticus)ZAARIEKIEE M. E
MRS L ESE AR, Bt RFaIN
FHBIE (Nurilmala et al, 2020; Rawdkuen et al, 2013),

HEEZ T, 5. BaSERUNRIREBSETS
WEMNE. XKEEES, BURE—EMSENE
7%, BEEREE. MR IgEEERET
B RFBARR(Asmawati et al, 2023), LLAh, RRERIE
SHBRS FES . SERAMR =IRIEEERE
MFEARKS, #Hme iR RN R INTE
RAtt. EHEIRNE, BRBARNRNEEFESE
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BHNEXRNEMNRESE, BESHHEESL
FGETE, TH—LREENBERME(Yu e al,
2024),

REFR, BRBEREERSIEIMESHE
NZEHEE, TRA. BER. WRRSRRENE
ZHR AR, MEMERKRBRIIRERRS
K, EARBRATAFEINREAIANFTIER, SIXIARER
BB RFMLLE, BRI T AKFRRINSELF

R IhEe R = I T R IR (IR IS IKIE.

1.4 SFBERSWHILENIEREIRIEE
BRTERBRSFEBEREBILNIBER, &

FZEARERERRER. AR RaEEHEIYF

EEBZEER(Pranoto et al, 2016; Nitsuwat et al, 2021;

Bekesheva et al, 2018) (& 1),

®1 BRBARSHINIBRIMEES

Tab.l Comparative analysis of functional properties between fish skin and mammalian gelatins

b=t & RZBARR BN RBRR (& /4-) SEI R
Index Fish skin gelatins Mammalian gelatin (pig/bull) Reference
SERAR AERSEMIBRIBRIE, MaRNZMBIKRIES, BFTIE Derkach et al, 2020;

AR EARSS

Amino acid composition

Bloom {E(FIRE)

Bloom value (gel strength)

RGN L tiah 187)

YA K2 31.67 °C, BREZE
Melting point K= 7 °C)
ERERE

) R (£ 20~25 °C)
Gelation temperature
MR (SR SIREN)
Rheological properties
(structure and stability)

SRERR. AITEMEE. RS
=4

= ERAVEREE SRR E.

5 (£ 28~30 °C)

SRR, RUREME. EIEES

Pranoto et al, 2016

Pranoto et al, 2016;
Nitsuwat et al, 2021,
Nhari et al, 2011

Pranoto et al, 2016;
Bekesheva et al, 2018;
Derkach et al, 2024

Bekesheva et al, 2018

Simon et al, 2003;
Derkach et al, 2024

BRPRNBRRSEBERS ERSETHIL
shIRERR, SEHEH=EEERENAR, BRENE
E TB&(Pranoto e al, 2016). EESEMEERIE, #liN
R LT B & (Engraulis japonicus) 52 BRI BB E 9
187, To%E. 4FBARC—RARANA 200 LA L, EAIEBRARRTE
AE pH FMHT, BRESES T4 (Pranoto ef al,
2016; Nitsuwat et al, 2021; Nhari et al, 2011),

fERitRe o E, B RRIPRAE RS BKT WA
YIBRRR, —HR¥I K 31.67 C, BHBUNT=REER
£7°C, . FHERBRBHEE 34 C (Derkach
et al, 2024; Pranoto et al, 2016; Bekesheva et al,
2018), ¥CEHRESE, BRERA 20~25 C, T
A YIBERR AL 28~30 C(Bekesheva et al, 2018), X
LREYERNEREESHERBPRESENIH
ERTEEM THRREMRERS. ok, WA
PPREEERNS FHEED. EshCEEENRE

RERRZREY, ARREIERRNETERNTE
EZBBRZ (Simon et al, 2003), ELth, £ RZBRRTEAE
AREFHNRFE—ERBRMLE.

2 SRR EZRER

21 FAMHFIERETH

B RBREARARARAMT, BEBTER-X
FERM A ERIRIFIR, 2MEIMERRNE
ZIEEHS . AT AEERTHRS FEE—T
RN, E 2, &RPEREEBAEIICERERLUR
IKERBRNEE. FOKERARRKE, NTFHERE
KAFBEIEHBRESSH, ERIARRBEN
(Kolotova et al, 2020; Feng et al, 2021),
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B2 &FBREANKFRERMEIEIRE
Fig.2 Schematic illustration of the interfacial adsorption mechanism of fish skin gelatin in emulsions
BRPARERREASRIZEN. AAENEERSE  FRIBETRESRERE LA, = pH HEFHER

JTENIMRL, FIgRI=IREE IR, EERIFR
IKHNEVKERABLARE, 18587 9 FRIRFEARE
&l (Feng et al, 2021), B 3 hIMKRNEIEITE,
RS FEMEES, FERETKRRIPE, BH
TEE AR S (Feng ef al, 2021), Lk4h, BARNAEE
TSR — BRSNS, NTIIRESIRRAVE
MRE SO RFRES , BEIT R/ HEREFHH—
SRR E M (Vall-Llosera et al, 2021),

FIMERpH. BE. AHHEHFH)

BRPERA MRS SMINEE R, JLRERKR
MI&KEFmE, He pH, BE. BFRESWEW
FERAEGVARBDELREB BZRAEERE 4)(Liu
et al, 2024; Huang et al, 2022), A& pH S/ NARK S

2.2

B, BEEERE. 2 FEHRIERRSS, ILiKEE
MREZ T, MERERERHIAET, HREKMEE
HigE, EEFNTRRRERIBEE (Liv e al,
2024), REEFMBRILITINS—XERR.
EEFRAEERKEARE, REREEN, E
HRESENEESEENRER, BIASHTE
t, BEEERKRERIRMIREM (Huang et al,
2022),

FLRE RN RE T AN IR A EE. 1R
ENERRERTFEHERAETRESZNERE, N
MRS EM S D EUME(Liu ef al, 2024), 1T
Mo HE, SEERYEEEIREINHTATHE
HERES T, BEYURFMHHEHIAY, RMAJBEMRE
(EZLR A ERRFEE M (Ho et al, 2024, Surh, 2007),
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Fig.3 Preparation of emulsions stabilized by fish skin gelatin
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Fig.4 Mechanisms of factors influencing emulsification

3 BRBERMWERE

& SRR R ELIRAFAY 2 FEEFIRELRIR, £X
RS TEEFEIMMERTE. ARELE. BR
BEEREMEEFRESREMEER, FEHIL
THERM. BN SSER 2N A,
TICGMZLE. PIEN. RS EEE
7S EROR R, BRIEREIES AR ERH SN
FARRL, & RZBBRRAITIREIR T S LF R
HIBBKIESRARBEE 5).

3.1 FHsEREXNME

BRARABREERK, ZEpHE. BFE
BREERRRN, 7 EBRAEREREMAEE
HEXIERSS, IRE T EESEN L |RRKEBEER
RPN, FEi, =B & RBERNIA RS TH

e R R T N AEXEE.

Bal, $IXaRRRA NN RAREESE
hEVMIE, WEREBBEIMEFLE, BEASEEEL
57K 7K & (subcritical water hydrolysis, SWH), &
RELAZES (transglutaminase, TG)3ZEK. HIKIREL. =
HhZe(ultraviolet, UV)EREIREBREEMMEIHNZ(E 6).
XETTEBII A D FEE. ERRAERKERRES
DFEARBKEE, LIEAERER-KIAKNEES.,

Hrh, WiRFRKKER S & RIRREE AR F
& (low-molecular-weight, LMW)ZZ,, 1RSI AERE
BERE, FIOEERT, NAMiEEILRRSITS
REY, AN SEGEERD ANEFER)RIRE
fi#(Ho et al, 2024), FHARAMAZEEIZECEIEAZAIAEE
REX, IRA D FEREREGKY, FELIKREMY—,
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5 BRPRKIEREZEE

Fig.5 Flowchart of the modification process of fish skin gelatin

Elo &AL IERERIGHIMEERRE SRR

Fig.6  Structural deficiencies and modification strategies for improving the emulsifying properties of fish skin gelatin

HAEMERM TRIAL MBI EREE (Lin e al,
2023), MIKERRANBEDRSHREEYE, £
HEAMAKRRPRAHESHNMERTKEES, N
MEILRATIREM (Feng er al, 2021), LEAF, R
RETAIERIARNRRKEE , IREEICAEEMEE
(Shakeri ez al, 2023), TIESMRESHVKERIEIHATR
FHACTEY, BRI KEIREL £ —EF
M (Hidayati ef al, 2020), {EESFENZE, FEKEN
BRPRE MRS EFEREER. A, $&
& R B8 (Spinibarbus ]
(Hypophthalmichthys molitrix), =X 8 (Salmo salar)
KB H B I0&E & (Theragra chalcogramma)BBEAIZ,
HHtREZES FE. MaRiIZHaRa g _RE
AT (Yang et al, 2022), FRFRRA, BE
(Pollachius virens)BBRRETEN MR I RISEM S HE
S|l iiEFIRRES, RIEHRIFIE MR

sinensis)

N FBE I (Yesiltas er al, 2022), W5, wINEEEE
ERVEIFYIRT L E ZRRIRE Y, IReEE
FFACFIBIEFI M (Bedis Kaynarca et al, 2022),
GEDITRRMMSGE, LinFRKKENESR
B RERE R BA IR T B ST IR FL L MR S R B
Wiim SRR KRB 12 1S BA IR R BB 1 22 A1 P& {0
HARY, BRUERARIIIURREN, MESR
B AR EE AXBX B RSB ST Bk, RS FLIRTESR
mERA THREN. X5 AN B ERITR R
REYEMNRN EERAEI LD, KAHER
. MM R ELRENH—S A RRU TEE
RIIBIC 45 (Ho et al, 2024; Lin et al, 2023),

32 RieErMRENM

& RPRAENAIETEEFERGELEER
KEEE, FEFOTHESENIRR. AHES
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177 B2 Th st B0 %2 47 %} oR RO B2 AR A2 RE M (Nitsuwat
etal, 2021), 1RFHERZBARAIAFSEMERL 0 AU ERY
WRESMBFAAEIGHIZ O —. FTXNZIE,
MREESF VE=IRIEED. 1G38o FERE. 14
EEENEZ =KKRE, RETEEMZNE. HE
IR, HRERERINTRATERNNSHRIERZE, L
BURAHEZRBEETRIEE, B RHEAENEEN
5RAIE.

FENEMARERM M E, ARINHE SR AOFRER
% EREMMEYESRUBILEE MTGase)Bl{E# 5 F
BN FREILNREER, NMiREMESHEME,
{E A 7 AR ISR 170 ¢ BERFE 240.89 g,
VAR 203 CIEAZE 22.7 C, BXEMERSURM
(Koli et al, 2011), EHME(UV)BBEHEA—Fh R EITEE
BAR, SR RENRER N ARERRR, 1
RN ESROFIRE FRFHBR 2 FRRSENE,
BEXARBERGENNEEEGRRUE, 2014),
LRSS E, RARZEXYRE RSB AMET
ITZRATFHRENERE. SIANMRAR. EERR.
HBERERERRRA, TEEEKLEREARNRE
E. BREERNEKESD, BREEBR Binsi
etal, 2017); SRANERIIGRRNESEEESS
IR, MURAEZREN, REREIMNERESSH
Fitge; Hh, TREBEEESERTREKELSEE,
ISP MKEEEER, BEREHBEMRREY
SN &N (Chen er al, 2024), FENITHATSHE,
FUREEIRE S TR BN B S A, IRFHEER
HESHRENE, BRRISFEEERD TEEGRR
W&, 2016),; Wb, BEGERKSEINERIENZ
BN RES I, A —SRNERS FEE, BF
RAEEARNETHIMEEREN, ERTRNIEE
TR REFESMEE B ERINE, 2016),

BEAMES, REERPRERSES S ERMBIL
YRR EARE , (BEHERRIFRIKEFESESIERH
HEaee, BE AR, AEEHEERRM
5zEHER, AR e RN REBEEYE
MR, NTIESHEERETERR. EARINEE

MR RN A& 1 (Rawdkuen et al, 2013),
3.3 BRMREREMNE

BRI EREERKEREE TR FEE
BNz —, HNZEMEMASENRREER
B, SRIMRERNED FEE. BRRKEENR
ERETHAEHTEFRET SMEERRE. ENEEE
FETIRFRKKESWH), EEREIRES(TG)3ZEK. 7
IRALIR, ERIME RS LARESRR-HEMMBIRE(Xu e al,
2022; Feng et al, 2021; JRRWSE, 2016), XLETTER]
B AEERS FES . RARKERS FEER
ER, BEEFREAE-HEMBENOREE, NmigE
R sR R BE.

Hr, WisFR KK ABEID & & 2 AR FERE
ROFECLMW)RE, 1EaEEILWRERKRE
REBEAEEHHTEEAE, NTMEEEENSE
REMHRESERERE (Ho e al, 2024), BARBEZ
g 3XBA NI BT 155 SR B A R AR 451 , 18005 F=F0
BKYE, IREDFRARKEE, FRRNRRERER
FHTRIEERAVREM (Lin e al, 2023), 15,
ORI R AT BB 5 FHFEKEKFE, 127
HRBITHSEWEEE (Feng e al, 2021); KIMR
SIE{E D FRF BB AN Ak, R ELER AR 4R
RN FNRTE M (Shakeri ef al, 2023); TIEGMRLES
BKERAERTEREETENEM FIgEE D
FARERND, BEAREREFNFEHIERELEWL
(Hidayati et al, 2020), ESITENE, BRBRILKL
MEESHERBEEGEEAXY, FRBMEKIRRY
DTG5, FERBM R ZREDFIEXT R ERE
RBEZNE(Binsi et al, 2017), B8N, SEBRERS
R R E A e am S F BRIk,
R RHEIBHIEEHITIREE I (Yesiltas et al, 2022); It
ob, RINEERESERAZHEI I EERTRE
M FHE T IR R S 58 %8 M (Bedis Kaynarca er al,
2022),

B E , LIGFRKKENES M REEIEKE
HRIEF & RBREREERER RINSIEFER, Al
FBEERES FEEMNDEE, EENBIDEED F
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EREAMER, HRELEREINEENSIREN.

XL AN A B E LR A R AIYIEMRE, B
ERENEYFRSMSTWETYE, hEER R
F. THEeRRM R R B H A SN R T
BI52374% (Ho et al, 2024; Lin et al, 2023),

3.4 BRZPRPRIENESEMD RESE

BRBERAYEIEAT SR, HEStEE
—ERNEYESRS , TECEREEERRNRIR
ZRK. TEeEEEMR, REFEINTIEENE
BnEk. BllE. RERATENEN/ND FRE,
LS NERBRERR. RERNELTHHA
BT EEEA(Li er al, 2024). RSB ZBBRATE
wEtt, RIEARNBNERNXBERRGR. SE
REM. £F BERERERERINL, SREEX
MRIBEBENFEN. PREIIRAMIRAERSE.

TRGEENESHEREERD T EHSENSE, B
HERAMY. MERREEENTFEER. NBKERIR
SNUV)ERET , B R o F AR E R ke
1. BKRATIEEARIEKY, REXEKMEEYE
PRONERH NETIRE, RSESERTN, 18
BEVKEEER, FEREBUIEFENERST
(Li et al, 2024), UV BREINIBID(EH B ERIR=H
REPFREMMNAEED, NMEEERRSHY
IR R P RYIE A (Shakeri ef al, 2023), LKA, K-
TR R SH BB REEE (TGase) i R B BT 1 5R AR AR
ERRE RIS WISEY, REEAEERARF
RN RS (Wang et al, 2023), IEHh, WEBEERERES
SRR, B BT MERBBR(FG)FHIFH
XA KRB (Phe) Z K (LPPs), NEXR AR ILEE
(phenylalanine hydroxylase, PAH)fRZ=fEBHIRMHE
MR RER, BETEEABENEREXK
(Bian et al, 2025), 1HLLZ T, KB AEEEE
VSRR AR IINER, R BREY
EHETEHRAEEXRED. BEBERNKEN
(FGNPs)BII WL RiBaHERIE, IR —BR
EPKERL, REEERNEMFIBE, M
BREREN, EKETEARBIERBTBE(Subara er al,

2017), ARARNEZRFIEBEEMEYRANIBIE,
N, &RRRREIL R ERRIFRRERR SR
et EMEB BEINMEFRIREYE, AEZR
SERWER (Tang et al, 2020), LEFh, BERRKEEERE
HIURARTEREY, W2 ATEBEAR,
fign, FERSFREAEEINRRSERSD, KER
BN AT EAFEY, RAENAIBIERR
(Hermida-Merino et al, 2022),

SEURARMIMERE, PREHRAK, THE
FGNPs IR A, FEfR A 2 SR BR R AE M iE M D = B
3, SR, FONPs MYAER EIRSEHYD
FRRREEEMRRE, BER 7 HF B s
ERNZEEEE, BRTIARIKERIAR, FGNPs
EFEEYRBHAER, ERENUNREREEEFSE
HRMEERLENMRE. Et, REARETH—LSM
£ FGNPs BB TZ, LARFAHGBESERARERE
1, ANREEEDSERR. BYBENRERREMR
STis RO R A& S (Subara et al, 2017),

3.5 EftB{eitse R EHE
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Abstract

Fish skin gelatin (FSG), a natural functional protein obtained from the partial hydrolysis of

fish skin collagen, has gained increasing attention as a sustainable and value-added alternative to

mammalian gelatin. Its excellent biocompatibility, biodegradability, and potential bioactivities, including

antioxidant and antimicrobial properties, make it suitable for food, pharmaceutical, biomedical, and

packaging applications. Moreover, the utilization of fish skin, a byproduct of aquatic processing, aligns
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with circular economy principles and green and halal-compliant product development. Despite these
advantages, the widespread industrial application of FSG remains limited due to weaknesses such as poor
thermal stability, low gel strength, and highly variable functional properties influenced by fish species and
processing conditions. This review systematically summarizes the current understanding of the structural
characteristics and functional limitations of FSG and explores the strategies for its functional
enhancement. The amino acid composition of FSG is characterized by a relatively low proline and
hydroxyproline content, two amino acids essential for stabilizing the collagen triple-helix structure.
Consequently, the molecular chains in FSG are more flexible and loosely associated, leading to weak
gel-forming ability, reduced storage modulus, and limited mechanical strength. Comparative data show
that the bloom value of FSG from cold-water species is significantly lower than that of porcine and bovine
gelatin, which typically exhibit superior gelation and thermal properties. For instance, the gelling and
melting points of FSG are generally 20-25 ‘C and 30-32 °C, respectively, whereas mammalian gelatins
gel at 28-30 ‘C and melt above 34 C, making them more suitable for heat-processed products.
Regarding emulsification, FSG exhibits amphiphilic characteristics that allow it to adsorb at the oil-water
interface and form protective layers around oil droplets. The interfacial adsorption behavior depends on
processing parameters such as pH, temperature, gelatin concentration, and emulsification method.
Optimal emulsification is typically achieved at pH values away from the isoelectric point, where
electrostatic repulsion promotes uniform molecular distribution at the interface. However, owing to
structural deficiencies such as shorter peptide chains and lower p-sheet content, FSG often forms unstable
emulsions with larger droplet sizes and limited long-term stability. Therefore, improving the emulsifying
capacity of FSG is critical in modification research. Several modification strategies have been developed
to overcome these structural and functional bottlenecks. Physical methods, including ultrasound
treatment, microwave processing, freeze—thaw cycling, and subcritical water hydrolysis (SWH), alter the
molecular conformation and enhance thermal stability and emulsifying performance. SWH produces
low-molecular-weight gelatin fragments that exhibit improved interfacial activity and better dispersion in
emulsion systems. Chemical modifications such as cross-linking with glutaraldehyde, glycosylation with
saccharides, and reactions with food-grade cross-linkers such as transglutaminase (TGase) have been used
to reinforce gel networks and elevate the gelling temperature. In particular, TGase-catalyzed cross-linking
forms irreversible protein networks that significantly enhance gel strength and emulsifying properties.
Blending FSG with polysaccharides (pectin, alginate, carrageenan) or proteins (whey protein isolate)
offers an effective route to compensate for its limitations. Such composites exhibit improved rheological
properties, emulsion stability, and environmental resistance. For example, combining fish gelatin with
galacto-oligosaccharides or y-polyglutamic acid enhances emulsion stability under high temperatures and
acidic conditions. Moreover, esterification or conjugation with hydrophobic molecules can increase
surface hydrophobicity, further enhancing emulsification capacity. In addition to functional enhancement,
FSG is a promising bioactive delivery carrier. Fish gelatin nanoparticles, prepared by desolvation or
coacervation techniques, have been successfully used to encapsulate lipophilic compounds such as
curcumin, astaxanthin, and benzyl isothiocyanate. These nanosystems improve bioavailability, protect
active ingredients from degradation, and allow for controlled release. Furthermore, gelatin-based
hydrogels derived from FSG are being increasingly applied in wound healing, drug delivery, and tissue
engineering due to their tunable gelation, high water content, and biodegradability. In conclusion, FSG
presents a renewable, versatile biopolymer with significant potential across multiple high-value
application fields. Although its native performance is inferior to that of mammalian gelatin in terms of
gelation and thermal behavior, advances in physical, chemical, enzymatic, and composite modification
technologies have markedly expanded its functionality and industrial applicability. Moving forward,
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research should focus on the synergistic integration of multiple modification methods, development of
environmentally friendly and food-safe agents, and elucidation of structure—function relationships.
Moreover, focus should be given to process optimization, product standardization, and safety evaluation
to support large-scale industrial adoption. Promoting the high-value utilization of FSG will enhance the
sustainability of aquatic resource use and contribute to the development of safe, functional, and
environmentally responsible materials.

Key words Fish skin gelatin; Functional properties; Modification methods; Thermal stability;
Emulsifying properties



