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1. Glutaraldehyde

2. Genipin

3. Formaldehyde

4. Transglutaminase enzyme
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Table 1 Different hydrogel treatments

Treatments

Treatments Code

Control sample
Crosslinking hydrogel with 1% Tannic acid
Crosslinking hydrogel with 3% Tannic acid
Crosslinking hydrogel with 5% Tannnic acid
Crosslinking hydrogel with 1% Caffeic acid
Crosslinking hydrogel with 3% Caffeic acid
Crosslinking hydrogel with 5% Caffeic acid
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Fig 1 Comparison of fracture values of different
crosslinked hydrogel treatments

TA: Tannic acid; CA: Caffeic acid and numbers
afterward show the percentage of acid used.
Different letters on bars represent significant

difference in 5% level of probability.
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Fig 3 Comparison of crosslinking values of different
crosslinked hydrogel treatments
TA: Tannic acid; CA: Caffeic acid and numbers
afterward show the percentage of acid used.
Different letters on bars represent significant
difference in 5% level of probability.
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Fig 2 Swelling kinetics of different crosslinked
hydrogel treatments
TA: Tannic acid; CA: Caffeic acid and numbers
afterward show the percentage of acid used.
Different letters on bars represent significant
difference in 5% level of probability.

b badisdks hes ST Cla 2l 55 S al il
ladles IS 53 55 B dd 5l iy ol oale 05V
L lad3 poss Ol Mal 53 OB deal (Rl331 (55 54b 58
0 L I GBI dawl il Js sls il e 5 Al
L8 a5 gd] eos Ols Jlagme GalS 4 e Ao
Olss o fiaS s S 518 [ 53 o8 (5o skiles (p<0.05)
Slas I5asen 53 (Sosebss Ol o 2T s 0 pose Ao

el s 4 L sl Aoy ¥ e Lol

Ldjg,de 2o Jlail a5 SGU

33 L&Tbﬁ Al Y il slad sl b e il 4 s



AR CM.'L@:.:.))\ AA 0)‘5:4\\\ O)L‘b.«-:

Olnl oM o 5 p5le dlons

Sl i 1y e Jlail 4y 5038 Lee S Al
2ls 0L KB Al 4 Zd 38 6 20 SOl oI ol
s s M8 oSde Jgb LS 5 ml I8l Gl b
Ll s 5 sl Sl ol s

OIS gapole Sl ois b LLII 5o (5l = K Ol

el Ogasly 5L Glos b las e JS sk 4 Td 5 ail
g Td Ol 53l & cdl sl asiie S o
e s eom ol Vsl Sl ol Al
D] 3l e Comal il 03Y5 aln sl SO ol
bs oy sebdlasl gl Vs o Wlesls ol Slidss
05 el e VL O gy s S sl dad s L
iS5 o 55 oo, NVLasl sl s il 5l L Td ol e
I ] sl e

2 SSb el ) KBS sl Sy p 0=

SN Oy S) g e Sl n,
SEM L 2y,
J_i;: 33

osls QLA S el 5 U el b g5 o5 e el dla]

s el gladisde Jksleg,  pslad 0
o sl Jlasl gla Jhgode alas cpl g il sl
T e e T E ANTANRE S ERS R S
Al Lo 5 b e al Jlasl sla J55508 (piomen 00 SV
I O P N B AN
g5 35 el 0t wapsl Ve LS in b dald wse
Shrle gl (o gadlbdlasl 5 dald)  Jisde
elid Dled Dl Se ASu o oy Al il
Sislar 5 ciloie Sl ol gl s sla el
sdinds o e s &S Jb s ccl sdalie LB
Goslbl 5 clanl malS sl o o sasbdlal
SGb I8 sladand s ol il il ol 585 S Ol
M5 sbdisda Jtlen, 5 s BB SBE

Sl olas

VY

Aol 5 SOU el iz gl Lol Gl glad3s s
53 &S Goshiles Lol sl esls OLES £ Gl sel s (B
oo DVl Sl a8 58 e edalie s 50
G by ) S S Gl el sles ik o2 s
S5 o3 ekd Wl ol aolp sy (Lolil gles
bk = Jlesl s S aas e ol DSC
Bodoms Sty Lo iy 5 okd wenS a5l G5ads

YAl b o ol

0.9

¢
g
E TAL%
TA3%
g
3 TAS%
S
3 CA1%
T
0 CA3%
kS
CAS%

30 50 70 90 110 130 150 170

Temperature (¢ )

Fig 4 Thermograms of various crosslinked hydrogel
treatments
TA: Tannic acid; CA: Caffeic acid and numbers
afterward show the percentage of used acid.
Different letters on bars represent significant
difference in 5% level of probability.
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Gelatin is mainly produced by collagen denaturation. Gelatin obtained from cold-
water fish has low sol-gel transition temperatures. Chemical and physical
treatments can be used to modify the gelatin network by establishing crosslinks
between the gelatin chains to improve the gel's properties. In this study,
crosslinking in cold-water fish gelatin-based hydrogels was established by tannic
acid (TA) and caffeic acid (CA), each at concentrations of 1, 3 and 5%. The effect
of CA and TA concentrations on the physicochemical properties of gelatin
hydrogels was investigated. The strength of the gel and the degree of crosslinking
were increased with increasing the concentration of tannic acid from 1 to 3%,
which increased the strength of the gel from 325.00 to 343.62 N/mm’ and the
degree of crosslinking from 82.01 to 84.99% .At higher tannic acid levels, a
decrease in gel strength and degree of crosslinking was observed 301.90 N/mm?®
and 75.48%, respectively. However, hydrogels' properties increased steadily with
increasing levels of caffeic acid (p <0.05). The swelling rate also decreased due to
the combination of different levels of tannic acid and caffeic acid. The maximum
swelling rate for the control was 1732.30%, and the minimum swelling rate for
3% tannic acid was 594.79%. The crosslinked gelatins by tannic acid significantly
improved the denaturation temperature, and their thermal stability was higher than
that of caffeic acid. This temperature was 89° C in untreated hydrogels, increased
to 94 °C, and 98 °C in caffeic acid and tannic acid-treated hydrogels. Scanning
electron microscopy images of the hydrogel samples showed that hydrogels'
structure based on cold-water fish gelatin was spongy. The addition of
crosslinking agents only slightly reduced the gelatin's pore size and had no
significant effect.
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