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Effects of Organic Acids on the Extraction and Properties of
Acid-soluble Collagen from Tilapia Skin

HAN Yaohui, TIAN Haohao, SHI Linfan, REN Zhongyang, WENG Wuyin"

(College of Ocean Food and Biological Engineering, Jimei University, Key Laboratory of Marine Functional Food in

Xiamen, Fujian Provincial Engineering Technology Research Center of Marine Functional Food, Xiamen 361021, China)

Abstract: The effects of three organic acids, namely, acetic acid (AA), tartaric acid (TA), and citric acid (CA), on the
structure and properties of acid-soluble collagen (ASC) from tilapia skin were compared in this study. The secondary
structure of the collagen samples was analyzed by circular dichroism (CD) spectrometry and Fourier transform infrared
spectroscopy (FTIR). The thermal stability of the collagen samples was determined by differential scanning calorimetry
(DSC), and the fibroblast ability of ASC was analyzed. Results showed that, the extraction yields of AA-ASC, TA-ASC and
CA-ASC were 15.87%, 17.69%, and 28.63%, respectively. The content of triple helical conformation of AA-ASC was
similar to that of CA-ASC, which was higher than that of TA-ASC. The FTIR data showed that AA-ASC had the highest
hydrogen bond content, followed by CA-ASC and TA-ASC. No significant difference was found in the thermal transition
temperature (T,,) of the extracted three collagens, but the enthalpy values of AA-ASC, TA-ASC, and CA-ASC were 1.18,
0.73, and 0.35 J/g, respectively. The fibrogenesis experiment revealed that AA-ASC had the highest fibril-forming rate and
absorbance, followed by CA-ASC and TA-ASC. The results of this study suggest that the number and dissociation constant
of carboxylic acids may play an important role in the effect of organic acids on the extraction and properties of collagen
from tilapia skin.
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1.2.1 FHEtafz ASC my$gE  FHEfa iz ASC s
BOR s Shi 4612 H{GE iy ik, SR BGE R AE 4 °C T 58

o WBERR B A0 7 ICFE 0.1 mol/L NaOH ¥ (w/v,
1:10) {21 36 h, #R )5 FHZEIBE/K e . 5
VRIFI AR DL 1:10 ERBHRIKIZA 10%(v/v) 1IE T BE
1 25%(v/v) 2B, V30 24 h J5 FAZEME /K st . vk
G Bz A 1:30Cw/v) 1 BB 53 3 0.5 mol/L
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B EHET 10 mmol/L HC1(pH3.0) B A3 S| 2k &
24 0.2 mg/mL PYBEIFRE IR . LA 10 mmol/L HCI ¥
VE R 2s FAXTRE, R A0-0] DLA Y66 BT T 190~
400 nm PR N THER .
1.2.2.2 CD4r#7  EJE CD JGith 2 % sk 2 2 40
HAE () I R AT o FRIBGE BER T 0 IS 1
10 mmol/L HCI ¥ H 7551 0.1 mg/mL BB,
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1.2.2.3 IR T IFEMAEEA 0.1% &
MWy 6 mol/L HCl ¥, iLHE 110 °C FIHfb/K
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OPA/FMOC #EATATA: , | FH =5 380 A oy i A G EA 110
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1.2.2.4 SDS-PAGE 4387 R T 0y B8 Jat 15 i 7E
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T, SR 4% WRAEEEEFT 6% 41 B BERRAE 8 mA
I F 4T SDS-PAGE /37, SRJG1% MBI 4 #4451
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SIS EE A R S R E 22 s . B Ak
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2.1 A EBEHEEX T IEE RERE MR R HR B R

K1 Wos T 2HEf Y AA-ASC. TA-ASC Fl CA-
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PRECRITHIN 15.87% F1 17.69%, BFET CA-ASC
AUEEER 28.63%(P<0.05), ¥JE THRIE 1 2 AR i
AA-ASC #2HER(11.70%)2 . =FiAEHLER T IR R
PRPCRAF AT REZ P AA. TA. CA 4059 —JT.
OG. —IURIR, EAHRIEEIRUE T CA IR
FEAWR R, 5 IFE RS SE g gs 57, (R IR
TR o3 — 7 TH, IR0 pH 38 L85
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Fig.1 Yields of ASCs extracted from tilapia skin
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Fig.2 UV spectra of ASCs extracted from tilapia skin
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N 213 nm, HAT BRI = I2GE LA RS, FEAH R
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7‘6 SR RIS , 2 WIS [RIAE AR I RS S — 2%
GERIFEAEZEF P, CD G iF A7 WA 5 48 X HE Y
FUAE (Rpn) FH o Sz WS JFL 4310 —BRBERE EE . JEAR
PERE R Rpn {H—MER 0.12, 241528 5 & A 34 A8
A, Rpn {EFEALS, S-S AR AE LR 2188, T
Y = BRI A 52 s AR, AA-ASC. TA-ASC.
CA-ASC B Rpn fH515124 0.12., 0.05. 0.11, Ifif H. TA-
ASC [ [E 3% 5 48 Al prfh H’Jscﬂ FAEXT AA-ASC FlI
CA-ASC kK4 T 41 (& 3) ., XL KRB AA-
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E R T BE S 55, TP 2UR A E SO A 2R
AP ARSI AA(K,=1.7%107°), TA(K,,=1.0x
107, K,,=4.6x107°) Fil CA(K,=7.4x107, K,,=1.7x
107, K ;3=4.0x10 ) 5350 —I06, —JoMI—J0RIE, —
P B HEL (K, ) K/ : TASCA>AA. TA-ASC 2%
PERTRESZ A TA 19 K, TEEOK ., PR

(@ 10r

e s

20 230 240 250 260

L
S
T

o0
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£
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2 5l
850
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Fig.3 CD spectrum (a) and Rpn ratio (b) of ASCs extracted
from tilapia skin
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PRtz AA-ASC. TA-ASC, CA-ASC FYE
PR LH B 32 25 SR AN 1 PR FHERTTHN, AA-ASC.
TA-ASC. CA-ASC ¥ & & H &M (Gly) . W& &
(Ala) . &R (Pro) ¥R 2 (Hyp) S5 B R 2R 1A 1
FRNE S IR, [FIAT4H 2008 (His) | B 28 (Tyr) FIfi S
182 (Lys) 3 FPIERFARNE ZIEMR I AR H, K] AA-
ASC. TA-ASC. CA-ASC ¥ Ny ali B IR . Gly 1Y
TR, A9 REIEIRIR L =52 —, IR
BRT C-uifYRT 10 2 FEpRsk FL Al N-vw 195 14 1>
Z B TR A, RS i — M E X s IR B Y L Gly-X-
Y HIEE AT, AA-ASC, TA-ASC, CA-
ASC 1y Hyp & Tz Wi /b, 22 B IR & E ARk %
1%, AT RE 2352 A g R i RS e M o
2.5 AEBEHNERNTIEARERRMERES FENEI

TR0 B B IR UK E RSN E 4 s B IEAT
1, AA-ASC. TA-ASC. CA-ASC ¥ i ala, 1 a,)
WAL, HRAR g WL IRAR p WAL/ RS 4
43 (HMWF) 20 i, =Fh Y ay R ay 357 00 5 38
tb#yh 201, X LEE45 R FI] AA-ASC. TA-ASC.
CA-ASC 8RR T BB B3, LR R Al kgl
JEASZA HURFPZEA 5200

F 1 DR R R PR R SR 4 (BRI A
1000 M FHEARIERL)

Table 1 Amino acid compositions of ASCs extracted from
tilapia skin (residues per 1000 total amino acid residues)
IR AA-ASC TA-ASC CA-ASC
Asp 47.57+1.31° 49.32+1.96° 50.72+0.40°
Glu 88.61+4.07° 94.55+6.57® 97.89+0.74"
Ser 39.18+0.29° 42.98+0.38" 42.87+1.66°
His 0 0 0
Gly 344.50+7.27 335.05+15.9* 344.77+2.58*
Thr 12.48+0.01* 12.24+0.77* 12.53+0.13*
Arg 59.00£1.76° 57.49£0.16 58.89:+0.49°
Ala 132.5442.66" 131.35+0.35% 132.44+0.31*
Tyr 0 0 0
Cys 25.93+0.98" 28.66+3.92° 24.87+0.19°
Val 18.30+0.93* 19.76+0.05% 19.39+0.51*
Met 9.38+1.05° 8.71+0.10* 8.69+0.09°
Phe 6.72+0.67° 8.85+0.91* 8.42+0.86"
Ile 19.60+0.55™ 18.32+0.54° 20.08+0.21°
Leu 38.30+0.69° 32.75+3.32° 33.18+0.63°
Lys 0 0 0
Hyp 63.88+2.46° 57.48+0.82° 49.83+1.93¢
Pro 94.01+2.85° 102.49+7.39% 95.44+3.69*
Total 1000 1000 1000
e AT NG R 2253 B35 (P<0.05) .
kDa
«— HMWF
e «— 7y
200 — (WSS — S
150 — =
120 —> b O ——
100 — =
85 —» ==
70 —> [N
60 —> |-
50 — |-
40 —> -
—
M 1 2 3

K4 BRI TERR SDS-PAGE K
Fig.4 SDS-PAGE patterns of ASCs extracted from tilapia skin
E: M: AR7fERE 15 1: AA-ASC; 2: TA-ASC; 3: CA-ASC; HMWE:
AT
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Fig.5 FTIR spectra of ASCs extracted from tilapia skin
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FEI TR 1l 14 7K Ak PR 265 285 40 1 S B S B AH OGP, A
ASC. TA-ASC. CA-ASC 1 AH 4352k 1.18., 0.73.
0.35 J/g, T = FH I HFRE PEMRIR AL, X T e
Kok AA-ASC BV LR AN S & ey, TA-ASC
F S S B T CA-ASC, (B & KLl & 5 5 5
T CA-ASC(F 1 F1E 5) . XBHHEZ SR W ad AH e
BEERETR AT, R T SN 2 5L O e 252
WRAR RS IR PRI e T o

AA-ASC ) 118 )/g
- 3187 C
!
Z | TA-ASC 0.73 J/g
2 ;
1 32.04 C
CA-ASC 035V
- R
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Fig.6 DSC thermograms of ASCs extracted from tilapia skin
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