55174 5617 W B 2 4 o iR A A Vol. 17 No. 17
2026 49 H Journal of Food Safety & Quality Sep., 2026

DOLI: 10.19812/j.cnki.jfsq11-5956/ts.20260324006

SIRMER: oAy, LghE, Mok, S5 BERR = T RIS A ] 2t B BN IR I R BT ZANAR D). B A R
K248, 2026, 17(17): 216-227.

Li Rongxing, Jiang Shaotong, Lin Lin, et al. Process optimization for the preparation of acellular dermal matrix from

Oreochromis niloticus skin using tributyl phosphate combined with ultrasound [J]. Journal of Food Safety & Quality, 2026,
17(17): 216-227. (in Chinese with English abstract).

Rl — 1 ARIGC A5k et ill i 25 2t S A 2
B LMt

$%7§ 1’ -ﬁ-/gi@ 1,2’ 7]:)]( ﬁ* 1,2,3*’ F:t‘/j’]l‘?% 1,2,3

(1. BT RFER A TR%E, A 230601; 2. &= SHBAN TE8E EALRE, 4 230601; 3. K=
AP THB I TREMAR L, GI8 230601)

# E: BN %ﬂ‘?jtﬁﬁﬁﬂiéwﬂﬁﬁﬁﬁﬁﬁ(acellular dermal matrix, ADM)E‘J?F'J%’?‘&%&‘@E‘E, A I
B 1UZ T3k Y GEA) AL [ B = T R (tributyl phosphate, TBP)| 7 I AHZE & 1520, X Bk fa 44 )7
HEAT LA R A 3, ) B e 2 IO A I B0 B BT, LA DNA & it RIBUAM B2 1 S A e b, p b fa B G 20 1222 2
BCGER L AAN 200 W, TBP S 1.60%HF, X Bl fh £ 5 JEAT LA AL B 3.70 b, B4 f K2 JBL A
JfL LB AT 5 A A B DNA & 58T 50 ng/mg WYARHIE, JFHA RAFIOPLMERE . &g FHEAKS
TBP (1457 ] % f0 5 N 200 0 B0 g R I, vl 5 4 6 A P F I, o808 M 4 o B R S Py AL P o, S B AR £
TR R B4 e (A P B A A W R ST A 1 TR LS5

XERIR: DRt WA B TR AR R LA

hE 4SS TS254.9 IR A XEHRS: 2095-0381(2026)17-0216-12

Process optimization for the preparation of acellular dermal matrix from
Oreochromis niloticus skin using tributyl phosphate combined with
ultrasound

LI Rong-Xing', JIANG Shao-Tong'?, LIN Lin'**", LU Jian-Feng'**

(1. College of Food and Biological Engineering, Hefei University of Technology, Hefei 230601, China; 2. Anhui Province
Key Laboratory of Agricultural Products Modern Processing, Hefei 230601, China; 3. Engineering Research Center of
Bio-process, Ministry of Education, Hefei 230601, China)

ABSTRACT: Objective To enhance the efficiency and performance of acellular dermal matrix (ADM) derived from
the skin of Oreochromis niloticus, optimize the preparation process. Methods A decellularization process for

Oreochromis niloticus skin was developed by combining physical (ultrasound) and chemical (tributyl phosphate, TBP)
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methods to prepare a decellularized fish skin matrix. The process parameters were optimized using DNA content and

mechanical strength as evaluation indices. Results Oreochromis niloticus skin was decellularized for 3.70 h at a TBP

concentration of 1.6% and an ultrasonic power of 200 W. The resulting ADM demonstrated good mechanical strength

and satisfied the requirement for decellularized materials, which was a DNA content of less than 50 ng/mg. Conclusion

The ultrasonication-assisted TBP method for preparing decellularized fish skin matrix has been shown to significantly

reduce the decellularization time whilst concomitantly improving the physicochemical properties of the resultant

decellularized matrix. This provides a valuable reference point for the high-value utilization of the by-product fish skin

from the processing of Oreochromis niloticus, and its potential application in the field of biomaterials.

KEY WORDS: Oreochromis niloticus skin; ultrasound; tributyl phosphate; acellular dermal matrix; process

optimization
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matrix from tilapia skin, DTFS)#il% T AR ¥iHRS dEfafh
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FEFH DNA 75 i RN BE (R BE IR 2L %) .

(3)AbH R R M AL A . P45 TBP ¥R R
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i P REER W A 4R B DNA, FH GO 0 6 e BTt ok
TN VA TR MR B, DNA &1 A1),

DNA 5 ig/(ng/mg)= Cimv )

P o MIEBTHR Y, ng/mL; v o B BRI TR AR,
mL; m AR G, mg.

x1 WEEREERKFE

Table 1 Factors and levels table of response surface experiment

KN A HEFEM%E B:TBPIRE  C: AbFRHETE
/W /% /h
-1 150 1.5 3
0 200 2.0 4
1 250 2.5 5

1.3.5  HUARIR 49 2

27 Lau P B H i s 2k 4% DTFS Y12 K: 50 mm,
$E 5 mm MY ST WA 1O SRR RE, RS 19 vt i1 2 F
A, (AP B A/TGM A 2 DTFS (ALK
SR . PPN 10 moys, BN ETT 5 g, bR
FIWTR R
1.4 BUELIE

RIREARE 3 RS AE A FE, R FBER
HEM 2% o (A Origin 2018 4 Ab 38 52 35 B 12 1Rl =l A,
KH] SPSS statistic 24 FRAXFTEIE AT 2250 B R
K, P<0.05 FRNAAAE R ETEZES o WA R & PR T AT
{i#i i Design-Expert 8.0.6 # /4,

2 ER5HH

21 BERFLEERSH
2.1.1 A& Esf DTFS BRI %A

{545 TBP WA 1.5%, ALFRIFIEIA 3 h, HEHA I
XF DTFS /) DNA & s AL RS, 255 LAl 1 Fn
& 2, ME 1 ATLIE S, DTFS B DNA & & 8K F 5 i
PR BT R, 200 W AL BEZH DNA & & &A%,
H(24.98+6.64) ng/mg, 74 BN BHIKT 50 ng/mg IR
YEDTL IR B Ak B AT AT SO SR AN RS, hnistn 8 i
P, MTTAE] RAF A A0 R . 250 W AbBE4T g DTFS
DNA & &I F T, 1B5 200 W I J6 i35 2% 5 (P>0.05).
P 2SRRI S AR A SR TE Y Ut o 2 AL, AR el
BRI N DNA 3 R, A B R
/T 200 bp 19 DNA F B 0] B 5825 5) ol A My R B e
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ZE LTk, ARFRES [A)XE DTFS F R 20 i R AL
R EA W5 . E AL AT M SE 4, DNA 5% B &2 i
WEAR, RWIBEAN R B A BT 5 IR, A 2 AR A5 %
HANEL, TR )T R AR AT o AR BRI ] 15 ] 4 h
i, DTFS ) DNA P& & 46.50 ng/mg, itk & 4 A kL
PR BRI, EAUBERE A TARE o kS E AL BRI 1)
FFARME— 25 S A MU BCR, ST AT BE S i 4 2L K45
WU IR, 25575 TRIEI 3~5 h VRN e SRR 5250 i b
MM

22 MNEMRESEEERS T
221 FHEit5ER
TR FLIER, BUBFADIRA) . TBP #KE(B)
KALFREI(C) 3 H o B A8/, WA R IR 3 41717,
LI DNA & . Wi 24 s A ph K S0 S ma iy fE, SR H
Box-Behnken {235 110 i 1 L AL 5256, SEHGIETH I 25 S
2,
222 cREE R EAA T DNA &5 % a6 %R 5H
i Fl Design-Expert 8.0.6 #4317 ZcEIHEIE,
@ DNA frig Sl A 8 (A) . TBP HkJE (B) AL HRE ] (C)
=0 W BIEH BRI TF: Y,=15.046-5.43619A~
1.20292B-1.22656C+0.91943 AB+0.8205AC—0.286383BC+
12.4031A%+4.54889B>+3.84412C,

3 N WA 220 0T EE R, R 3 ATl AR
) P<0.0001, 248135 P 4y 0.1778, A RBE(P>0.05), iFHiZ%
TR ] 2 LSz I S B 25 % DNA B i e, HAR S &
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HOR(2.49%), FMSLERBERTHE, Yo RE R=0.9976,
UERARE R A RS, il FEAT S, S0 DNA &
HIRZFE R A>C>B, H. 3 FhR R A mAE 3 ik 2
F(P<0.01), "k A’ B?, C* BEMESSZHME. 7E
PN N R EAEA T, B BCZ 4k, ABFI AC Z [ #5K
h i 3 22 5 (P<0.05),

®2 MNEESERRITRER

Table 2 Design and results of response surface experiment

o WL %
z AW  B% Ch D/ a/;r:j fﬁi EZ
1 150 1.5 4 39.99 8.67 28.82
2 250 15 4 27.35 8.16 2723
3 150 25 4 3481 817 2777
4 250 25 4 25.84 809  26.64
5 150 2.0 3 38.85 8.45 29.14
6 250 20 3 2627 8.14 2827
7 150 20 5 34.67 838 2865
g8 250 20 5 2537 796 2676
9 200 1.5 3 25.07 8.32 30.36
10 200 25 3 24.18 803 2938
200 15 5 2328 820 2872
12 20 25 s 2124 704 2820
13 200 2.0 4 14.80 7.95 32.74
14 200 20 4 14.47 797 3327
s 200 20 4 15.57 701 3201
16 200 20 4 14.92 701 33.19
17 200 2.0 4 15.48 7.99 32.82

3R R AN TAE A DNA & & e 7 BioR, H
3D BRI EEICE T DNA SRR, Z1bIE
U A] B BB SR AT DNA S iR AR RS KD,
(1) e 45 1 2k 1 ) R0 B TS PR 2 20 A [5R1  0, B 794 [T 28 38 B A
FHMGE  E PR, HhE 7258 7(0)X4F R4 3D Elih
BEUE, A s 2 Py R i IR, 1B T 38 5 A 3 A [ R
TBP B 2Z IF] A AH B AR5, % DNA & A2 4L
A E3E, MrEs s Rm—.

2.2.3 e R R R EAR R AT B BLE ) % ve 6 45 R AT

WS T ) 5 A T ER(A) . TBP #k 3 (B) K Ab B[] (C)
B = o0 Z W B H 5 W F o Y,=7.942-0.16375A-
0.1405B-0.056C+0.1105AB-0.029AC+0.008BC+0.22A%+0.111B?
+0.071C?,

4 R BEVRT 220 MrEE R, tnT Al AR Y
P<0.0001, 24135 Py 0.5423 A .3 (P>0.05), iFBiZER
A 5 X0 B S 36 4 X T S8 T B, LS S R BRI
(0.39%), FMSCIBARATHE . JoE R R=0.9908, JEMER
PIE RIF. AEXTZE R Z05 i ZBLA. B, C 3
IR 24 26 90 R S35 (P<0.01), YERIBUE  ASB>C, —
WA, B, C k2 R IR R IO B2 . TERIN R
ZHAEHY, 11 AB Z[AIFIN 25 545 B 2#(P<0.01),

454 3D Bl S e B AL I, &l 8(a)th 3D EIBE
UHFREE BARTE T 8(b)FIE 8(c), [A)m HAGE Lk Ik N 1l
TEAR MR, FIAERT W 2 S OL T, Wi s s
R FE DI ZA TBP Wk B (AR T kA 2 AR 4k, BB
BISCEAE e, — B 45A X Wi 1 B s ma fE R
Rz, MR S0E] & TBP ik 5 5 ) 22 ] 1938 54
AW, XM E T i AR AR P R

Table 3 Analysis of variance of regression model based on DNA content

#3 £T DNA S EAKRFNEIRERSEZ5

Ty 22U I A H ¥y F P N
LAY 1125.4200 9 125.0500 326.86 <0.0001 ok
A 236.4200 1 236.4200 617.98 <0.0001 ok
B 11.5800 1 11.5800 30.26 0.0009 ok
C 12.0400 1 12.0400 31.46 0.0008 ok
AB 3.3800 1 3.3800 8.84 0.0207 *
AC 2.6900 1 2.6900 7.04 0.0328 *
BC 0.3281 1 0.3281 0.86 0.3852
A 647.7400 1 647.7400 1693.14 <0.0001 ok
B? 87.1300 1 87.1300 227.74 <0.0001 ok
c? 62.2200 1 62.2200 162.64 <0.0001 ok
B 2.6800 7 0.3826
AT 1.8000 3 0.6001 2.74 0.1778 FNTES
IRIEEI 0.8776 4 0.2194
eyl 1128.1000 16
R 0.9976
Rag’ 0.9946

T RRE T B P<0.05; ** K /n 22 B 3 P<0.01, R,
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Table 4 Analysis of variance of regression model based on break stress
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