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Abstract

The abundant pigments present in tilapia skin severely affect the quality of collagen. Pigments can
be effectively removed by NaOH solution pretreatment, though the self-assembly property of colla-
gen is simultaneously affected. Therefore, tilapia skin was pretreated with 0.5, 1.0, and 1.5 mol/L
NaOH solutions, respectively. Pepsin-solubilized collagen (PSC) was extracted by pepsin hydrolysis
and purified by salting-out, and its yield and purity were determined. The structure and hydropho-
bicity of PSC were characterized by attenuated total reflection Fourier transform infrared spectros-
copy and ANS fluorescent probe. The self-assembly kinetics was analyzed by monitoring absorb-
ance at 400 nm, and the self-assembly ratio was calculated. The microstructure of PSC self-assem-
blies was observed by scanning electron microscopy. The results showed that pigments were effec-
tively removed from fish skin by alkaline pretreatment, and the purity of PSC was increased, alt-
hough the yield was decreased. When skin was pretreated with 1.0 mol/L NaOH until decolorization,
the yield, hydrophobicity, and self-assembly performance of PSC were optimal. Prolonged pretreat-
ment time delayed PSC self-assembly, resulting in finer fibers and a denser network. These findings
indicate that tilapia skin collagen pretreated with 1.0 mol/L NaOH holds broad application pro-
spects in the food and biomaterial fields.
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71, AR At it S 2 TR AR e B A B P AT R ANME 3]

1R i ) % RS AL BB B AP o 5 R JT VA LA 0.1 mol/L NaOH ¥ AT FilAb #, LA 0.5 mol/L
LRI 4] (H2 50, A AR, R R E 3K [5], 0.1 mol/L NaOH ¥ Tl Ab 38 o2 He
BRERR, A ER R BRI R A T B OGP B, I RR IR AL NaOH W TAR R 2% 1, DA
H B e i R R

FH 2R R IR W S R . FEAR PN, TRUR R AT I I [ 25T et 4, b SR R IR 4T 4E[6]; 1
WA, B AR5 (R o FAE RS AR T TR A B LR AT 4E( 7). SERTE QKR RTRLAR L,
KA LI I SR A 4 S A D RE DA 7 RE D S AR N IBFAI R B, IF R IR AT 4EfE g fu s 72 . R in e
B A7 VHORL R 25 W B A S U S B ) R S AT (8] PRI A I A P Fe 4 52 00 . R IR
JRRUR WREE S FREUCTEEZ IR R . B AR 0.1 mol/L NaOH A VB 7l Ab B £ SE 2% i £ J7 fie Jit Jif
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AHEFAI 0.5~1.5 mol/L NaOH ¥R FALEE & A48 Kz, A U H X Ji SR 4l A A B ALk (52 F 5T
SN IR N BRI I B AR AT AR BB AR, RIS DA K7 R S 2T 4 3 P RHE Bl AR WA RL U
MLt Bt S M SR L 5% .

2. SEBRFHRIAITS R
2.1. HREEERHT

BARR, ARSI BEAR, 10,000 U/mg, b5 RREAEMEAARA A VIR ERN,
>125 CDU/mg, 7&[H BioFroxx AV AR . ZAMM. TOKOEE, 18 EHZE-8- IR . LR AL,
PRIR A AN W 0, FEZ R RR A A

2.2. EE{UH

HAAHRTIENL, FDS B, Jb b G ARA A %A - T e T, UV-61008 8, Lifg
TOHTACERA PR AT s FEIA S B AR 27 S 354, Nicolet 6700 Y, SE[EFEER K H/RBHE A F];
Jeor T, FL970 Y, B RFAUIEAIR AR =7 245, ISM-6700F 2, HA JEOL AFl;
FEEAEE O, CTI4RD T, L RERAIARAF .

23. TEBRRERFIE

B At 7 6 SR ) 45 225 N I RIVEBGEE 1010 F B R e i R BTRE, 4% BRI EL 1:50 (wiv)
I HIBON 0.5« 1.0. 1.5 mol/L NaOH ¥, FALFEI [ 1. KRG, EERLEE 1:50 (wiv)
& 0.5% (wiw)BE AR 0.5 mol/L ZRIEWT 4°C FHEFEHEEL 48 h, IIANEALBEHLIRE N 0.9
mol/L, 10,000 r/min 0> 30 min JGWXEEUIIE, BT AT RS BIEGIE PR H & H(PSC). AR TiiAb 3
ZAE TR AN 1.

K FA R Ji A A AR S 8 PSC & i, JE I i R A 30T PSC A R Al

Yield = 1% 100% (1)
m,
. m3
Purity = —x100% 2)
m

A my AT PSC Il i, my NIRRT, ms A& €/ PSC s .

Table 1. NaOH solution concentration, pretreatment time, and sample abbreviations

# 1. NaOH UK . FRACIZA BRI SRR

NaOH ¥R & /mol/L TRAL 2 18] /min FE
300 PSC0.5-1
0.5 360 PSC0.5-2
420 PSC0.5-3
60 PSC1.0-1
1.0 90 PSC1.0-2
120 PSC1.0-3
30 PSC1.5-1
1.5 60 PSC1.5-2
90 PSC1.5-3
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2.4. &5 - A MR (UV-Vis)

¥ PSC 1AM T 0.5 mol/L ZFERVARAT HIKE A 1 mol/L, VAN - A W20 B HHE 190~600 nm &
N 3475 UV-Vis J6i% .
2.5. TR ERGHEEMHTHRIIMEIEATR-FTIR)

KH ATR-FTIR YA R S AT LA R &, FIHEVE A 4000~600 cm™!, F5E X% 64 Ik,
TEHER 4 ecm™'s
2.6. BR7k 14 E

K - 25 8- BR (ANS) U MG IR AN & PSC B /K. ¥ PSC V&R T 0.5 mol/L ZFRIEW,
Bo i % 1.0 mg/mL BIRREL FHRIRFREA 0.064 0.12. 0.18. 0.24. 0.30 mol/L FIBEEEVEW, INANZEAAFR
pH 7.4 IBEIR ERZ2 I R(PBS), 715 pH % 7.4 J5, M 30 pmol/L ) ANS iAW, ZiEEGRN 1he KH
EFCAN FEIEEE VI R T YERREE, BRI KA 380 nm, K HTIE KA I TE Il 200~600 nm, BEE% %5 5 nm,
FHFHZFR 1200 nm/min. PLRNGERE N PSC W EEL2 6 2Rt 2k, K dh 2R RLR 2 SCAB/K MEFE EU(Ho) -
2.7. BEEIHENE

¥ PSC AT 0.5 mol/L ZFR¥EW, Tdlak 1.0 mol/L IR, VKInZAET 5%446F 40 mmol/L X
PBS (pH 7.4)iR4G, 75 pH 2 7.4 JFE T 28°C&MH, RAES - v WAL THIEM 400 nm WOt
B, CAMKOY B I [R] AR Ak ) B AR 25 50 i i 26 . FHHE— BN 8l D2 R it AT & 11
Ae _At _
A,-4,
R A, AR Ao 53 BNFETIS L ¢ B 2 RIS AR 20 WO, kR R H .
2.8. BEHEELEENE

PSC 0 E 4125 24 h 5, 1F 20,000 r/min Z£EF B0 30 min, SR T 05 LIS eh 0
AR A, AL R T A R

In

—kt (€))

Self-assembly ratio = (l - %J x100% 4)

A Cofl C oy AN B HEERT I IE M E A RS =
2.9. BT RRMFESEM)

K U T 1R PSC HARMEE THME L, KWigAIE, KM SEM 7£ 10 kv hidk it & 5
HMWEH, FIFH Nano Measurer 1.2 PR I SR £ 4E (F B 47

2.10. ZitoH

RALmEDELE =R, RHBRRTEZS TS ERR .. ARF R 27 B3P <0.05).
3. IRFERSTE
3.1. PSC KSR

FSZI R, 1E 25°CEAM T2 LA 1.0 A1 2.0 mol/L NaOH ¥ FAL #E2 Aft0 fz i, £ B 76 58 4 i £
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RTRD R AR A0 KR PRI 2 30°ClE, gk v] 582 hukk H A R AR FF e e, DRUE FAb BRI B2 58 30°C . 1E
SRR TP AE = e, BRARHRIR AR B P D IR G, A6 J TUAR BRI [R] W] 05 29 A 7= A, R AR e 4R 1) T
BB AR 52 5 A LN ()% %9 £ fe PSC #3238 S AR BE ) s . % AR 0 {2 73 9] 22 0.5+ 1.0 #1 1.5 mol/L NaOH
VERTALEE 360 90 F1 60 min I, M58 4, W WML ET 8] S 070K FE 52 SR 5. I, 1.0 mol/L NaOH
IR TALFEZ] PSC 19K e, nlIE 17.60% (K 1), =T % (8.10%) [12]F14 57(9.40%) [13]. TEHHIA
NaOH VAWK FE T, B TRAL BRI (B A8, PSC 1538 0325 FEAIK, W AR 50 0 K S 21 AR B O TS A P 38
TRV TRAL B 2 2 52m | PSC WA . ReaMant, B ERBEfS PSC M4, 1.0 #1 1.5
mol/L NaOH ¥ FiAbEE J5 FT#3 PSC MIZERE 7374 95.04%F1 95.35%, FF& Gl 21Tk briE iR . 0.5
mol/L NaOH VAW ZH, TRALBERS A% PSC A& A WAE 520 M AER R RIR BT, TRALBE B[R] E 6 )
F LA, AL B A 1) K 0 2 S SUR R K
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Figure 1. Effects of pretreatment with NaOH solution on yield (a) and purity (b) of PSC
1. NaOH & iR FRALEEST PSC HISEE () MLERE (b) I SZ T

3.2. PSC By UV-Vis }i&
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Figure 2. Effects of pretreatment with NaOH solution on UV-Vis spectra of PSC
2. NaOH &4 IExt PSC B UV-Vis HIERIFT
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NaOH ¥ AL #EXT PSC 1 UV-Vis JREpsemian e 2. AR 20514 0.5+ 1.0 A1 1.5 mol/L NaOH
WAL R f5, PSC 7E 220 nm PRI H B KR W U, 31X 32 BUE T Ik C=0. -COOH F-CO-NH, &%
Hit C=0 1) nom*PRiL[11], FFERIERIEIMRIRE. —BekYl, BERSERNEAR. AR
RIRSE TS TR A IR, IS AE 280 nm P T RIS 14]. JRTTT, ARSLEG AR IR AE I AR 3 AR R BT 2 1)
W scide, 2 BHLE TIAC B AR g ot LB T AER IR E A A Sy, 5 PSC 4l B R —EUN.

3.3. PSC B9 ATR-FTIR i
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Figure 3. Effects of pretreatment with NaOH solution on ATR-FTIR spectra of PSC

3. NaOH iR FIALEE*F PSC B ATR-FTIR HiEAISM0

K ATR-FTIR Sttt PSC 13 FE5 T 00T, 5 FWonkE iy HOUBERE AL BEfe B, 1. IURITIEEE
5 ANMEFHER IS 3), 43 BI%E R N-H 43RS CHAMFRARGEIRSN . 2 k42 C=0 M4kl N-H Z5 i
5 C-N Mgifi &30, LK C-N hifiilg N-H LML FEIEA[15]. &+ ATR-FTIR 1% E&HAHIT, 1667
ThEFEF . PSC [ =M2 e £ /) vl @ BRI 1450 em™" ARSI ()38 e 3 HUAE (Am/A aso) R AE[ 16], A
W A RE S Z S KT 0.9, FHIZ 0.5~1.5 mol/L NaOH AL 5, IR R = B2 e 25 M) 4 R 4
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Figure 4. Effects of pretreatment with NaOH solution on surface hydrophobicity of PSC
[ 4. NaOH & & TARLIERT PSC HIFREER /K M RS20
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TEFAFRIR FE 1K) NaOH V&R 1, PSC 1 Ho B I (] (O HERL 1T FRA(E 4), BT 70 3 B E £ 1SRk i
F(nE IR I LR ER . 0 FALHE 2 52 2 B talt, 1.0 mol/L NaOH ZH&i/K & T 0.5 mol/L A 1.5

mol/L ZH. 1X7J

P =]
Re e

KA E A 0.5 mol/L JF4E 1.0mol/L I, T|HA FEERIT, GikEFRE; #HF—

AP E 1.5 mol/L W MG R S B HE, KR E B sk, SBOKIE FEE[17]. DL RS REW],

ANFEIHSEE NaOH FAL L 22538 PSC 743 [ 45 44, R H: S I H AN R B LRt

3.5.PSC WBEEEIEF

Table 2. Effects of pretreatment with NaOH solution on kinetic parameters of PSC self-assembly
2. PSC BARMNESH

AR
A i i i5F 1] /min A Kb A ©/min
it e 3 A& AR

PSCO0.5-1 73.3 60.9 1.9x1073 29.7 x 1073 0.7 %1073
PSCO0.5-2 91.7 141.6 1.0 x 1073 14.0 x 1073 7.6 x 1073
PSCO0.5-3 134.2 111.6 0.5x1073 13.9 x 1073 8.9 x 1073
PSC1.0-1 433 32.5 1.0 x 1073 49.6 x 1073 11.5x 1073
PSC1.0-2 58.3 24.2 1.6 1073 30.1 x 1073 11.9 x 1073
PSC1.0-3 65.8 45.0 1.6 1073 33.2x107 109 x 1073
PSC1.5-1 48.3 433 0.9 x1073 37.0 x 1073 15.0x 1073
PSC1.5-2 87.5 73.3 0.9 %1073 26.6 x 1073 11.1x1073
PSC1.5-3 83.3 210 0.05x 1073 7.6 %1073 _°

O N TR TR E AL TTAR, € SO S TR 2RO BT 4 S ETHER s @A KIS TR B S 8 il 2 h i
SO TR ARSI B @A W B AT N

Figure 5. Effects of pretreatment with NaOH solution on self-assembly ratio of PSC
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FAN = BL6]. {2 PSC1.5-3 EINE I ] PR BT AP 3, 7T RE S H TR Fi e BE 41 4k [0 2% 5 22
KIS [A]

BRTAL BT 22630 2 BAT B E 2R . AHIR NaOH WREE T, B BUCHE [RIEK, WSS 4EK
JN (B A BB (R 2), KRR R R R TR . A BB 2 g el anf, 1.0 mol/L NaOH
A e W S E R R R E R R, RV R A TR B 4%

3.6. PSC WEHZEH X

240 57 435I 1.0 A1 1.5 mol/L ) NaOH AV FilAb#E 25 52 A Ly, PSC H 42550 ) 5 ih 28 1 4 s
FE53HIEE 0.5 mol/L B3R T 111.0%H1 85.6%. HiI# [ F 413 L3 86.20% (14 5), WM T 0.5 mol/L
f) NaOH YA AL FRIN Y 65.16%, Rl 1.0 mol/L NaOH VAR FiAL 3 2 1L B0 s WO B T2 1)
RIFEEE > TZ5HH%E. R0, 1.5 mol/L NaOH VAR AL HE 5 1 H 2 LA 57.50%, HEmRI#4
WS T RES SEM SR B K IR AR TR 4F 4 G
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Figure 6. SEM images (A13, Bi1-3, and Ci-3) and collagen fibril diameters (a1-3, bi-3, and c1.3) of PSC self-assemblies. (A1-3 and
a1.3) PSCO0.5-1, PSCO0.5-2 and PSC0.5-3, (B1.3 and b1.3) PSC1.0-1, PSC1.0-2 and PSC1.0-3, (Ci-3 and c1.3) PSC1.5-1, PSC1.5-

2and PSC1.5-3
6. PSC B{A%KRHY SEM Elf§(A13, Bia, Cia) R RIRFHEE R (a1, bis, c13)o (A13 F a12)PSCO.5-1, PSCO0.5-2 F
PSC0.5-3, (Bis#l bi3)PSC1.0-1, PSC1.0-2 1 PSC1.0-3, (Ci-3 %A ¢13)PSC1.5-1, PSC1.5-2 1 PSC1.5-3

K F SEM M %2 PSC HIBMEE 1) AT A PSC 13 S0 HE 3@ 1 R 47 22 FLEF 4ERPIR S5 79 (4] 6(A)~(Q))o
SR, BT Ak B e S S 4T 4k B4R B 2 52 (18] 6(a)~(c)). FEAHIR NaOH WK EE R, 274k B AZBE Ak 3
TR KB/ » 1100, 5 PSCO.5-1 #HLL, PSCO0.5-3 HA4FIHNERTIET 36.3%. 4t i s
SEA MRS, R IR AR 4E T HAR SRR S B IEA DG MERARIRE BRI T, BESHEIEAE S
Hi B 51 R LT 4
4. Z5ig

zE ERTIA, KA 0.5~1.5 mol/L NaOH X &' f fa iz b A7 oot Ak 3, v LA B 2547 8. KR A
ZH 28 3 T 1A U LR A EAE SR E IR B, A TE A RGN PSC BB, BEE TiAL
PRI A EK:, PSC 228 1A 52 B0 H P 58 21 20 1) S 4T A4 B ) 35038 X 4% . {H NaOH R & -5 Pl Ak BRI (1] 22 1]
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FAAESZ AT o 20 B AR EE 5 58 4 5t i, AR BRUR BZ W] DA% PSC 1) AEEN )15 LSRR,
3 i B 1Y) NaOH TRALEE 26 12 4% PSC H ARG B E T By, AHIE TN 2t B IR JELAE £ M A0 R
SIS N ISR AL 1 9 R T RERE -

AWFFEARR PSC HHRAR AR IRIL . FA AR 2 2V e UL S E A B AT I, Teik
LMV PSC H AR AW R 22 U ) 22 A S A R e RO FE AT 2R GEvTAN e P M B A 5 P
AR ENE KBTI, JFIT RIS IR L sh W seit,  BAE HAR N TRE SO AR (T A7 1% . 3
o BRI, RSN AR SR SR AR R A AR R ) AR A
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