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Digestibility in vitro and in vivo of Chinese Soft-Shelled Turtle Protein

ZHANG Dan, WANG Xi-chang™

(College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The nutritional value of Chinese soft-shelled turtle leg muscle protein before and after heat treatment was
evaluated based on amino composition, in vitro and in vivo digestibility and protein digestibility-corrected amino acid score
(PDCAAS). The results showed that the contents of essential amino acids were 36.84% and 34.55%, respectively before and
after heat treatment. The ratios of total essential amino acids to total amino acids (TEAA/TAA) were 41.12% and 40.20%,
respectively, meeting the FAO/WHO standard. The in vitro and in vivo digestibility of Chinese soft-shelled turtle protein
were 83.68% and 95.05%, and increased to 87.04% and 96.18%, respectively after heat treatment. These results suggested
that heat treatment significantly increased the in vitro and in vivo digestibility (P << 0.05). The PDCAAS of Chinese soft-
shelled turtle, as calculated by multiplying the limiting amino acid score by protein digestibility, reduced from 100% to
76.94% due to the nutrient losses during cooking.

Key words: Chinese soft-shelled turtle; in vitro digestibility; in vivo digestibility; protein digestibility-corrected amino acid
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s K PDCAASHIF I, 3 Hr VP4 S A B AT 5 AR
R VAT B4 B 15 SRR, — T TR SR A B E R
M2 MEAT WD R F S 55— U i A SR B R A 1 o
EWEEFRIHMETE N RIS

1 MWHEHEL

1.1 MRS

HAE s i g IR K PR R R R A IR A R, 4
Ji B N550~750 g, FEAECE20 Kotk e I AR FE
TR BB R 2 ] 4% 18 55 [ AIN-93 4R HEAE 72 o S5 KR
B AR RS A Se 4I5S, Mt Sprague-
Dawley (SD) K, & H50~70¢g.

BHEAM (P7000) . JEE (V900486) % [H
SigmaA#]; HAWKFII A Hral,
12 USR5 %

Kieltel 8400l IKE &AL FFEMAT A L-8800%

HEBEZ M HAHIAF,: 970CRTH IG5
Eir AAREAT.
1.3 ik

1.3.1  FES AT AL

Vg EEE I AR SE R, USRS LR 1A S 23 3
Sy —EBEEESYE, T —20 CH&M FIRAE; —Ha it
TR R TR, HE1EREEY: &E—MoliriE
FALF GRFE100 C. K15 min. BHELEEL:1.5) )&,
FRHAT A R TSR AR B A R
1.32  mEkHnT

TR 7 IR TR .

K1 BEARENHLSSSRE

Table1 Feed formulations used for in vivo protein digestion trials
2/100 g
% Fis 2 (A kL TCRERL AR R AR R B R REOR R
HEFER 0 0 12.60 12.32
eS| 11.24 0 0 0
FoKi 10 10 9.8 9.7
TKTER 59.06 70.30 57.99 59.89
RV/R 3.5 35 35 3.5
Y KRB 1
AYEER 5 5 5 5
WA TR AR 0.2 0.2 0.2 0.2
T 10 10 10 10

T RPHAE DR R

1.3.3  RIEFRAL M 5E
1 R FEIR H 3120 B A0 52 Br e R ER AN 17 Rl 3
e, MRS XYL e R I E

1.3.4  EAFARIME L

Z: 8 Akeson "G VL[ B R [ B BEEEOR A1 A A A
HEATSE5, FRESTEE.
1.3.4.1 fRALE W (simulated gastric fluid, SGF) JH{k
S

FRELO.5 gt PEXISIMIBR AT =B, 715 mL
BEAVH W (0.1 gBEEBFA T1L 0.1 mol/LERR,
pH 1.5) , {EMEEIRG KH#AH37 ‘CKHE3 hidk Tk
1342 fPZHH (simulated intestinal fluid, SIF) Wik
S

F10.2 mol/LEINaOH¥1.3.4. 171 1 AL i pHAE 1 % 21
8.0. ZJGfE AR ZHIIANT.5 mL%450.005 mol/L NaN,
MR I (0.533 g BEYE 11 L pH 8.0 IR #h 22 v
WO, SREAEERIRG A K 37 CKIINFA24 he

(RN S R A Rl ) S I [0 B A N S N
10 mL 20% ) =& 2% (trichloroacetic acid, TCA) %1
SN
1343  RIMEARMELRITE

Bl B L2 (protein digestibility in gastric fluid,
PDG) . HHBIHILZ (protein digestibility in intestinal
fluid, PDI) M MyH{LZ (total protein digestibility,
PDT) ZMAN (1) ~ (3) #HITiHE.

P,—P,
PDG/% = X100 D
0
P1*P2
PDI/%= X100 2)
1
Po_Pz
PDT/%= X100 (3)

0

X PONFESM TN EAFE R/ (2/100g) 5 PN
BB B R R AR E A USRS (g/100 ) 5 PR
P AL JE R AR B E TS B (/100 @) o
135  EHEEEAHLSER
1351  PRAHALSER

Z I AOAC 991.29 (True Protein Digestibility of
Foods and Food Ingredients) & WongZ:!" {7k, XM
KR FERCT 7 S 00 04T 51 B AR N VAT 7T . SR 56 = )
FRSDKE2 dJ5, FEMLSY 4 2H: FrdEms R a4, A
B, A Bk 2 b He O . P IR R B ek
(CEAREE10%) N4, TRy Ad, &
AR R R R R (EAREE10%) NSEL
Mo B8 W, A HRRAEMEE b 8BTS
7394 AR TR IANS AP . FES AP, 4
RSB AR A (WAL S22 RIS . SR, TR 387
AR A PRPREWR G RE3 d, TR
B KRIEERIREL100 CTE. TR BB
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ITHEEARSERNE. BAKRERE, CRUEKER B B
K, BRI R KRR EA1S gd.
1352 i EARHE

EEFESLHEE (true digestibility, TD) . 44
it (biological value, BV) . & FFIH3* (net protein
utilization, NPU) BAJ 85 [ 5T 4 40 3845 1 (1) & FE R VT 43
SRRIE AR (4 ~ (1) HEM,

N— (F,—F)
TD/% =——"—"X 100 D)
N— (F—F) — (U—-U)
BV/%= X100 (5)
N— (F,—F)
NPU/% =BV X TD (6)
PDCAAS/%=TD X LAAS @)

X NABARS R/ (mg/d) 5 FoNRES &/
(mg/d) ; FRNFUWERETE/ (mg/d) ; UNREE &/
(mg/d) : UANRNIEEREGE/ (mg/d) ; LAASHIRIK
PR i1l P FE R 4> (limiting amino acids score) o
14 Hdfibee

95K FSPSS 20.0E AT LR 3R 7 2 B, 4t
THEHx+sF£R, P<0.05F R ERTE.

2 HRSHH

2.1 EIEERR AT

#2  MCHEEEPEEBANSERAR (xts, n=3)

Table2 Amino acid composition of Chinese soft-shelled turtle muscle
protein (x +s,n=3)
A IR BRI %
RERAR FULH TP SR
Asp 8.25+0.71" 8.30+0.26"
Thr* 4.1340.36" 4.40+0.06"
Ser 3.92+0.33" 3.70£0.06"
Glu 14.00%1.20° 13.2140.29"
Gly 4.56+0.58" 4.40+0.21°
Ala 5.42+0.47" 5.2140.10"
Cys 2.13+0.18" 1.660.08"
Val* 4.67+0.29" 3.53+0.05
Met* 3.50+0.28" 2.65+0.11°
Te* 4.0940.26" 3.89+0.28"
Leu* 7.6240.64 7.2540.24"
Tyr 3.66+0.28" 3.32+0.11°
Phe* 3.30+0.28" 3.80£0.04"
Lys* 8.39+0.74" 8.32+0.05"
His 4.2840.55" 2.70£0.09°
Arg 6.26+0.51" 5.8340.08"
Pro 0.94+0.11° 2.9740.63"
Trp* 1.13£0.02" 0.71£0.14"
TAA 89.62+1.19 85.95+1.12
TEAA 36.8440.22 34.5540.33
TEAA/TAA/% 41.1240.75 40.20+0.25
TEAA/ TNEAA/% 69.8612.15 67.2240.68

E e RPEIRUTRET .« DREER ; AT TPREARRRER
BE (P<0.05. T

HHER2TT AN, FAKE B AT /5 FF ah A I H 18 M 2
i, HhwaEREesERs, 70N14.00%. 13.21%. #
WS R T E R R R B A E W, R AR
AR S & (total amino acids, TAA) . DFHERFER L
= (total essential amino acids, TEAA) KT AL PR
(IR . AAEFRATE, PIETEAA/TAA. TEAA/AE T
RILMR S & (total nonessential amino acids, TNEAA)
B 5 FAO/WHOHEZ I TEAA/TAANA0% 7 44
TEAA/TNEAATE60% LA _Fix — B AR U3 IR 20 s i =,
AR R SRR .

®3  ROCHAFPEERBALEERERIBEHITS

Table3 Contents and amino acid scores of essential amino acids in
Chinese soft-shelled turtle meat
S i/ (g/100 g pro) AAS
W FAO/ g MR ARE G b
WHO* AIBEPY SRR BTBRIY SRR
Ile 2.8 5.4 4.56 4.21 163 150
Leu 6.6 8.6 8.49 8.02 129 121
Lys 5.8 7.0 9.36 9.11 161 157
Met+Cys 2.5 5.7 6.27 4.73 251 189
Phe+Tyr 6.3 9.3 7.77 7.82 123 124
Thr 3.4 4.7 4.61 4.84 136 142
Trp 1.1 1.7 1.26 0.88 115 80
Val 3.5 6.6 5.21 3.86 149 110

&it 32.0 49.0 47.53 42.47 — —
VE : «. 28 FAO/WHO T 1991 fE4& I 2 ~ 5 % JLE [ 06 75 & 5L TR 75
RES — L.

B3R, PAb AT SR a0 R R A B m T
FAO/WHO#HEF#11)32.0'", {EAIK T3S & 11949.0. MR
FE V4> (amino acid scores, AAS) , TrplHAASTE#Hib
PRRT. SRR TR R IRAR, 3 AI115. 80, #ibEE
Il P AR R A 06 T SRR VP 20 2 R 17100, 5 i Ul 2
I TR EE R — 3, SRR R 3MT, AR AR
22 MRSNHALSELR

£4  BCHAERPEEBABARESMNIAE (Yis, n=3)

Table4 in vitro digestibility of Chinese soft-shelled turtle protein
(xxs,n=3)
%
] FAb I TR A A3 R A
PDG 71.79+1.54° 76.78+0.03"
PDI 42.14+522° 44.17+3.36"
PDT 83.68+1.48" 87.04+0.78"

AT HISZIG A, PUb BT AR R A E AR BN
18.20%, #AbHJ5 R PR (5 & B oN24.36% . R4
A, BN AR AR ME A RE, Rk R AR P
B AIH R N83.68%, T '1180.96%. A"
80%5MW I, 1EHWF, HEAMAKESITEKRA
iR, BAR. m2AREEERBENEAR, £EA
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R RS k. BlT B EAAEAERES, &Y
£ B H i B TR AR, B A BB R AE B TR AR A
4. BEEHNNGIE, EERIA TR
W — D R B RE T, 71.79% 1
JRAERLAL B W R, e A 11.89% & A
JoT S i BAN 5842 53 = Dtk — A AL

X bE R AL BT S AR R Y R A AR, ITRAKR
AL AL P JE (IPDG. PDIM PDT{E 378 T # A AT,
HPDG. PDTHZREF (P<0.05) , X4t 5Sun
MinjieZE" 156 T H b BT 8 1 5 T8 AL S B (R Fe 4518 2%
Bho H AL 4 AT A A P HE B (R AR T AN TR R
FERA M, thinEE R, EH, ST aR. =
BT o W 34, AR R E LSS M 1 o S B L AR
KA,
2.3 PRWNITHAEER
5 HHNEXRPARNERRARBMNGSE (Yts, n=8)

Table 5 Food intake and weight gain in rats from in vive digestion
trials (x +s,n=8)

g/d
IH i A A RERAE AR A
F 15.134+0.36" 14.87+0.25" 14.96+0.23"
P; 1.514+0.04* 1.4940.03 1.5040.02*
W, 5.05+0.77" 5.174+0.20" 5.024+0.20"

KSMEAHELEHARREEE (F)  E0#
N (P JAEpER & (weight gain, W) E5H, Xf
M (REAH) SRBAERE. EOHAE. 0
EME FRAREEER (P>0.05) o it L@ R
TH A S PPl B B A BT, G SR SRR A A 1 5 R T
MEEA, MR amd . RS SMES
A aEHIEENZER, FEELRHABARNEA R
o H TR E R E A AR R G R, S50 45 ok 2 52 2|

B,

F6  PUbEHEPEERARBNTHAIRERFNER (Xts, n=8)
Table 6 Nutritional assessment indicators showing the in vivo
digestibility of Chinese soft-shelled turtle protein (x +s,n=8)

IH BEEAl ARl el
i N, 242.04i5.81h"‘ 23791+ 10.3§a 239.36i3.69h°‘
(mg/d) F,  1543+458" 17362347 14.74%145

1841+7.90"  1644£3.67°  14.64+3.52"

i _ TD  95944022"  95.05£055"  96.18+0.57"
mf'\f BBy 03784275 9450L15T 9539+ 148"
NPU  89.87+2.63'  89.83+1.73"  91.75%1.75"

PR A A S0 B U v AR R A B R
A E, g F A 2 rp S B R A 2R 1 R AT AL R 2
PUHR ZEVESR T Dy, SISk — b A A Y A Sk
Broxp 5 RHEAT T IRAE. SEIR SRR R . AL
HAR R T AL R N96.18%, (235 T H Ak BT 11

95.05%, SRPIEME LR, dE—DIIUF T 4
b FE AT DABE i AR 1 BTE A R X S5 . X LUK AR (1 4
e, A BEN SIREAZ RPHELEERAERE,
AP B3 & T ARk, U0 P B S AR
R PR R 1R o 5 S T B R S, (EAR T AR 98 %
EARAEYN (BV) 2B B E ARSIl
PR IR RE B Fa bR, BVAEMER, i B gL R R4
o HHARERR N A EERT, HBVE N94.50%, W& T
H193.78%, EZRALZE, HHEESTMHR (83%) « 4
W (76%) « ¥W (74%) "SRR AR &A RS
F% (NPU) 7EBVIEAL -, 5% & TR
HRORIRUSCTT R R, AR R LIHIER . AL BEAT S
PRSI FINPUE SR & A S A BEM 2R 40
firik, hAEERAKTD. BV, NPU 3 MR RS E B
HEARBAREIEFRMME, "HEATE AR,
24 EEFHER EREERR TS

PDCAAS T & 5 R 4 1% 5 98 AL R 1 & A R T
Mrfedr, ZIBIRLEG B R ER I L HLHE,
REIF IVEM | A W i e PDCAASE K N100%, 24
PDCAAS K T100% M TE 100%, FomE H AL L
JE BES R AL LA MUAA T SR 100% Z 3L R . 3R
BR VP 5> R 6 TDAE 73 i3 i, b B AT H PDCAAS Y
100%, #AbP 5 Hh e I AIPDCAAS N76.94% , #AbEE
B AR BR R (R FIPDCAAS 5B E A . BRE A .
WEEH. KEEASRAEEA 8, S5T4R2%",
RPHEFRMES, 5T HEARI™,

3 4

A RN R R R A K. RN AT AL S K&
PDCAASSEAF 71 45 5 35 52 B L 8 (1 o 9 A0 ot 2 1 o R
P AR 0 TR ARV T 100, H
PDCAASTE/r N100% . AL G KR A A i T 2% &
R, —EERYTRAEH T, SRR S =
/b, PDCAASTE) HT6.94% . HIRPKEIEHT G & LR 4
kA T Ak, {HHTEAA/TAA. TEAA/TNEAALHE
FFEFAO/WHOHEFE I BEAE AL

A A0 Ak SE 58 E I B AR - R I Y R B AL T
AR NAR T ALTE N AL R, 5256 5 J5 W 5E sk B
T 5 v A s R PR B 1 R AL B R O VT A e K
BUHE . SRR, FAEEBRATE L 83.68%,
OB G HOH LR B EIR S (87.04%) o MRHIELSEZI X
ISR BRSPS AR — P X S5 AT IR, B B
J5 B A AR 9 WA 2£96.18% & T b B RG & A BN AL %
95.05% . A P M A 315 Ak 512 56 2 B T AL 3 i 2 o rh AR
BB AR, B G N AR AR .
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