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Abstract: In this study, the by-products of Chinese softshell turtle processing were used as raw materials, which provided
the possibility to improve the extraction efficiency of Chinese softshell turtle oil and make it high-value utilization to
provide a new source of profit for production enterprises. The extraction experiment of turtle oil was carried out by using
ultrasonic combined with complex enzymatic hydrolysis (The pH of enzymatic hydrolysis was controlled at 7.5~8.5), and
the extraction parameters were optimized by single factor experiments combined with orthogonal experiment, and the
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optimal extraction process conditions of ultrasonic-complex enzymatic hydrolysis method were obtained: The ratio of solid

to liquid was 1:1.5 (g/mL), the amount of protease was 2.4%, the ratio of enzyme was 1:1.5 (neutral protease: alkaline

protease), the enzymatic hydrolysis time was 2 h, the enzymatic hydrolysis temperature was 65 °C, the ultrasonic power was
180 W, and the ultrasonic time was 30 min. The extraction rate of Chinese softshell turtle oil was 81.65%+0.62%. After the
Chinese softshell turtle oil was refined, its physical and chemical indicators were all in line with the national aquatic

industry standard (SC/T 3502-2016) refined fish oil first-class standard. At the same time, fatty acid composition analysis
showed that the refined Chinese softshell turtle oil contained a total of 28 kinds of fatty acids, of which saturated fatty acids
accounted for 23.81% of the total, monounsaturated fatty acids accounted for 46.94% of the total, polyunsaturated fatty
acids accounted for 26.38% of the total, DHA and EPA content accounted for 10.05% of the total.

Key words: by-products of Chinese softshell turtle processing; ultrasonic wave; compound enzyme; oil extraction; process

optimization; fatty acids
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FE(B) . #AD(F) . #BAS B8] (GOAE A IEAS RS K
=, LIp IR IR BCR S 45k, FAH-ERE =
IR IEAEIR G BE T A T4, IESS RIS R L3R 2.
H & 2~3 3 45 IR PR, el MRS -2 S K

2 B T AR I TRy s R e R, AR
PRI 2 X} AR T R BRSO/ MK YR Ry - Tl K i
Thak > it b 5> 2 P it R > 7 ) () > >R
S BsF Ta] >8P o =R, 5 AR it Bl A A0 i/ A iR, B o AR
WM R BURFE I 1235 (0.01<P<0.05) . 15-F 88 75 1% -
G K fig s P b AR el 0 AR A SRR
A|B,C,D,E,F \Gs, BUEH& LY 1: 1.5, SEH BN
2.4%. BgEb)hy 10 1.5 O il i 2 1
22 M) | BEKAFETE] 2 h BEKARIERE 65 °C . MBS
Tfj# 180 W, ABFASETE] 30 min. TEFMAAKE41FT
AT I UEREE 2, o ki T = O A G, A5 3 rh
A IREE I A 81.65%+0.62%, 5 1EAC IR I 45 SRkt
AKHIT, H—HUERA AL T 20T 15
2.4 FEHIRTEPEE MBI IEFRRTEE

38 S P -5 Tl K R T A T AR S P
THFEPRASBET B E ZK 470k (SC/T 3502-2016) Hr
AT A —ARUE, PRI X T e e, Tk — A A
B2 o B R R ST S TL i Lo R ST U1 TN 1978 s -4 = D T <2

2 IERREBT R
Table 2 Design and results of orthogonal experiment
Rae) A B C D E F G B PR (%)
1 1 1 1 1 1 1 1 66.27
2 1 2 2 2 2 2 2 82.25
3 1 3 3 3 3 3 3 72.20
4 2 1 1 2 2 3 3 78.13
5 2 2 2 3 3 1 1 77.08
6 2 3 3 1 1 2 2 65.63
7 3 1 2 1 3 2 3 64.21
8 3 2 3 2 1 3 1 73.28
9 3 3 1 3 2 1 2 62.92
10 1 1 3 3 2 2 1 79.36
11 1 2 1 1 3 3 2 63.24
12 1 3 2 2 1 1 3 76.55
13 2 1 2 3 1 3 2 67.95
14 2 2 3 1 2 1 3 81.45
15 2 3 1 2 3 2 1 61.18
16 3 1 3 2 3 1 2 69.32
17 3 2 1 3 1 2 3 69.34
18 3 3 2 1 2 3 1 73.28
k, 73.31 70.87 66.85 69.01 69.84 72.27 71.74
k, 71.90 74.44 73.55 73.45 76.23 70.33 68.55
ks 68.73 68.63 73.54 71.48 67.87 71.35 73.65
R 4.59 5.81 6.71 4.44 8.36 1.94 5.10
FethkF A, B, C, D, E, F, G,
#3 IR =S
Table 3 Orthogonal test analysis of variance
(S-S fii2EF-J7 A H FfH PfE
A 66.245 2 2477 0.232
B 103.127 2 3.856 0.148
C 179.561 2 6.715 0.048
D 59.332 2 2.219 0.256
E 229.294 2 8.574 0.037
F 11.262 2 0.421 0.690
G 79.528 2 2.974 0.194
PR 40.112 3
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2 RAPAESR R, it 2 8 1.2.7 J5 g PEA TR i 4k
B, AER 4 g5 AT, SeadAE il A ag e ah AL TS,
P, R SR AN A, JORRIKR . AT EL L FEhR
TR, Yt T rp e s, B85S E Rk
A FRHE(SC/T 3502-2016) K5 o —BARIE .
2.5 FEFIPEEMASAAERZA R 4T

iz FHAAH TS 53 Mok il v AR T 04 BB D R £E A
R, g5 5. R S 5 R nT g, aE it S AH
TSI P ASH il v A vl A BRI 28 i
X 5 H-EmAmur e At IR IR L s A 22 5%, T RE
JEH T XTSRS ETRESMEES SR
ARSI IR . AR . TR T O Ee R,
MR ITR 5 B 23.81 %, AV FIIEITTS &
46.94 %, Z A FIHE TR 5 SEE 26.38 %. il
HREMTP S -3 JBITAR 5 SR 11.83 %, w-6 B
IR B 15.51 %o -3 IRITIR . -6 NRIHIRVE A
RARPNTCIE A S5 B0 “ 3B I B2, e LR L
B R ZEFRRE . A Im B VE . AP RH, AN
-3 BT & B e I TRE, O IR PR BE 1 & 05 3 L

-3 fIRAEHIK 81 %P3, kAh, v &4 DHA
5 EPA &+ 5 M 10.05 %, DHA #1 EPA B 1E
PERRFR A B | AR B IR A ¥ B L 36T A B
TREBRGEVE . YE MTIBETE RS . BEEAE SN2
JL, A2 B4 LA EAE TR
3 ZEip

B N NP [ S ) Vel 2 WL 4 i P P = |
SR P -5 A K R T AR T SR R A T
S BRI 1: 1.5 FBEAEEHE N 2.4 %. B LG
A1 LSO PR P B R e ) | K e st
[a] 2 h. FE/RMRIERE 65 °C . AT 180 W 1T
[A] 30 min, PAEEIBRCE R 81.65%+0.62%, Lk
FTAR AR RS S, AT PRI G E K
A ARUE(SC/T 3502-2016) 5l i —2FRUE., i@
T AR LA S 5 T ARG i R A s v A IR T R
P28 Bl FHIL AT UL, I E S I - A K AL T DA
P AR TR B HL L AR, Te iy B
FRIT I AN R S B B 52 ), SRS b2 &
FIHEEA I TR e 2%

4 PAREh S ] A B SEAR X L
Table 4 Comparison of physical and chemical indexes between Chinese softshell turtle crude oil and
refined Chinese softshell turtle oil

SC/T 3502-2016CH il fa.31)

SC/T 3502-2016 A1)

LSRR K AR

AR

—% % —% -7 =4
IR BAERD) (%) 0.03£0.01 <0.1 <02 0.5+0.02 <03 <0.5 <0.8
FR{E (LAKOHIT) (mg/g) 0.73+0.09 <1.0 <3.0 3.43+0.18 <8.0 <15.0 <30.0
i AL B (meq/kg) 2.21+0.12 <5.0 <10.0 6.21+0.14 <120 <200
Wi (/100 g) 221.8243.15 =140 203.59+2.13 =120
AEPEZR T (%) 0.07+0.02 <0.1 0.57+0.08 <0.5
5 NG AR AR FRLH 1K,
Table 5 Refined oil composition of fatty acids
NG IsR AHXF i (%) 571l AHX & i (%)

HEERR(C ) 0.030.00 ZA BRI (Chps) 1.18+0.03

R EERR(Cy) 1.88+0.01 ZA R PYIRETR (Coggng) 0.09+0.01
WM (C g,y 0.070.02 AR RR (Cag.0) 3.03£0.14

T HEERR(Cs.) 0.28+0.02 T —EER (Cyy ) 0.04+0.01
FEAAE (C6) 22.14+0.32 IHR(C,p) 0.020.00
PRAHTHER (C ) 6.4140.43 FFBR(Ca. o) 0.14+0.03
HEhER(C,p) 0.020.00 T TR TR (Cyy) 0.78+0.10

BT (C5) 0.210.00 A BT (Can) 7.57+0.42

SR (C g0 3.39+0.07 T =k (Cyy) 0.05+0.02

THIR (Cg.1p0c) 38.85+0.71 T TOEERR (Cyyy) 0.39+0.02

MR (Cgp060) 16.15+0.27 ARG (C,yy) 0.55+0.17
Y-WIFRR (C 1g.306) 0.1120.02 HIFNE IR (SFA) 25.10+£0.40
a-TEIRRIR(C 1g303) 1.87+0.01 R AIIEIT R (MUFA ) 49.49+1.44
FELER (Cyg,) 0.04:£0.00 Z R ARG IiRR (PUFA) 27.810.87
BRI (Copy) 0.08+0.01 w-3fEIR 12.4740.57
TR IR (Cyp ) 0.02+0.00 w-6JENiIR 16.35+0.30
TR =IRTR (Cogane) 0.0420.01 DHA-+EPA 10.60+0.56
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