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Analysis and Evaluation of Seasonal Changes on Nutrient Composition
in Muscle of Quasipaa spinosa

LIU Fangbin', WANG Wei', HUANG Yongchun"", YANG Hanmin’

(1.Fisheries College, Jimei University, Xiamen 361021, China;
2.Shangchating Ecological Breeding Co., Ltd., Longyan 364000, China)

Abstract: The analysis of the nutritional composition of the muscle of Quasipaa spinosa in four seasons aimed to provide
theoretical basis for the further processing of Quasipaa spinosa. In the processing process, Quasipaa spinosa in the
appropriate season could be selected according to the product requirements. Samples of Quasipaa spinosa in four seasons
were collected to analyze the differences of muscle basic nutrient composition, amino acids, fatty acids by Soxhlet
extraction, Kjeldahl nitrogen determination and chromatography. The results showed that the nutrient composition varied
greatly in different seasons. The contents of crude protein (24.79+0.32 g/100 g) and crude fat (1.19+0.17 g/100 g) were the
highest in winter, and the contents of water and ash were the highest in autumn. However, 17 kinds of amino acids were all
contained in muscles in different seasons, and the contents of lysine (8.73~10.20 g/100 g) was the highest in essential amino
acids, and methionine+cysteine was the lowest. The total amino acids (TAA), essential amino acids (EAA) and flavor
amino acids (DAA) were the highest in autumn. Valine and methionine+cystine were limiting amino acids, but the first and
the second limiting amino acids were different in different seasons. Fatty acids were the most in autumn (18 kinds), and
oleic acid (C18:1n9c) content was the highest, while linoleic acid (C18:2n6c) content was the highest in the other three

seasons. The muscle nutrient composition of Quasipaa spinosa was significantly affected by seasonal changes.
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W6k it i ( Quasipaa spinosa) J& B &R s ¥ 17]
(Chordata) . P2 ( Amphibia) . JoJE H (Anura) . i
F}(Ranidae) . J#ilE)E (Rana) , {1 FRATEFIA 48, 2
H [ R AR A R R e e e e ELAT s v
P E M E 2 DB, A AR FREE 1 S R 22—,
H 20 e 80 AR, fEgt . YLPHAEHi IR 22l A
TYIFER, S ETEaE:  E A IR A RIS /N, SEE L
ARFRIA S F o PRSP, DA B e
A, = X e = i A T A AN T AR AIE
5, HATHMEIL A Rt — 2D 4298

MHTITIT AL TP EAS[RIERAL . AR E B By
BEXH R e 114 25 SR L T TR OE o T b2t fit
FEAN R AR B BB AR 4 L PR 5 32 a4y, FOULA
E & BAE 18.55%~19.39%; 5 &1 5 452157 ) ot ity
AR S| EAS R ADRHE O PR MR R AR S R B L T
THIFE, LR IRPEIEC & AR EE C S R BRI T4
MR DA v AR ik 46 5 T AN RIAARLK
S R AR (R e R s A T T, 25 R AR ITE
RN 39% F A, HAEME 2 ol , Hobfhisl BA7 42
T AR R AR SRS R . 25 L, R 4 PR T
Joi A7 B 22 DK 2 s ), RISt E AR IR sh ), Xk
SR A2 T AR, AR 2T AR IR A IR AR
B AR AR ] BB UL RN E SR 25 5, (H
H 172G T =5 AR T et ek JUL P 385 35 W43 PR i)
PARIFSE 1 A DLHRAE o PRI AR SOt e A [) 2345 11
HIRE IRy . IR . RRIDTFRZL W E4 7537 L
B, BRI AR DG ST & S TN TR
=7,

1 RSS%
1.1 MRS5S

PR amA s b A S AR A IR AT B
AN [F] ZE 77 B VR AL 25 Sk By e, BRI R A T
2019 4F 1 H & 2=, /K K (94.88+6.13) mm, 1A &
(104.19+12.96) g; 2020 4F 5 H FHZF, (KK (99.41+
5.93)mm, 1K (117.45+13.05) g; 2020 4F 8 A H &=,
1A 1< (194.99+24.98) mm, 4 & ( 108.12+10.99) g Fl
2020 4F 11 A Bk 2=, £ K (96.62+3.84) mm, A &
(111.33%10.81) g, PUA~Z=15 e B[R] —HE R B s
TR R, BRCRAE 12 H, MERELEEI Y 1:1; S
Bt FRER | ATIEIREN . SUEALET . S kil Srbral, 1=
LA A RS 7] LBk HEE S3dral, v
BeRl=E A BR A .

FD-1A-50 EZESR AR THRIL Ui Es B A
DHG-9070A HELEVERGR TGS IR 2T
Kjeltec-8400 4= H L[N E AL FHZE FOSS A wl;
L-8800 2dZEMR H B4 H1{¢ . GC-2010 SAHATE{L
HAS B HEA W] B180 Hhifil B4/ H]; RE-
2000A JeFE7E kAL iR A F]; HH-2A fEiE/K

Wi IR ER A E
1.2 XWFHE
1.2.1 FESRALEE  XERHERANEE, MK T 5 5 BE
FEALBY R J5 B, I S E s, BCT LA, B 8Y
W INPARE S 5 WA, — I RAET—20 °C ¥K5E,
TR SRRSTIME, — SR TS a3k
BR AR DT BRZH BRI 2™
1.2.2 F/ERMSE  7K52RAT 105 °C MGE T e sk
M ZE™Y, AHBE 7R FH 2% TCER I a2 0, K 437 FH =
FprppE T, FH AR SR TR e e

SAFEIR SR FHER R ZK ff 12T U, IR T Ja na ¢
AR S PRI A K f#AE H, LA 15 mL 6 mol/L i
TR, SR IE T S B B E T (110=1) °C +
BREE T, KM% 22 h 5, B 1 mL %0 T8, AR
ENES SR DR S SRAEE SR A 3h 53 A SO S

B 7 18 SR FHASAH LRk 2 U, B R TR S A

W Je 2t R VIR BUS , BUE S8, A 4 mL 5+
LIRSS 0.5 mL 2% S ALHP P ESER, PR
BHIRAD, Ak 2 h, I AIE 2 e (LSRR, B 7S
WRASFIAE -
1.2.3 AR EFERARIFM ek L FAO/WHO 119
ARV bR TPV, I3 RIS
IR TET(AAS) | fb2FAPES3 (CS) Fb TR S SL IR FR 2K
(EAAID),

il

W O

EAAI = \“/[Thr/Thr (egg) x...Lys/Lys (egg) ]><100
X (D

BISAE T E IR S B (mg/g - N)

AAS = 100
FAO/ WHO W 5 B 1 [ VR IR & B (ma/g - N)
@)
cs.  RERBRERE RN o
NS EE A FRFEIR & R (mg/g-N)
&)

A H: EAAL P n FRoR TR ZIERR 140 AAS A
CS ' mg/g-N Fnfi e & P& IR M ZZ e %K
1.3 HEAIE

FEDRESATINE 3 ¥R EHEH Excel 2013 4K
gy, SEuG 2k B SPSS 26.0 Sttt AT oAt
PR, e PA R T 2208 (ANOVA) L5 R FH LSD
Z & LR AT 43T, A R O B bR R
(MeanSE )R, /KP4 0.05,
2 BEREHHR
2.1 ARIFETHIEARAENEFTR S O

AR e JIL PR R 3 B A3 2 AR A O
% 1 R ARV RS EEI/IMKIK IR &
7 BT, Hoh KRR =LA /K 503 A ik
e T EZEMAZE(P<0.05); ARIZETHE A SRR
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MR AT BT BRI, L AA MR
P2 2 m T HAR =215 (P<0.05) ; ARIZETHL
NeWE & R /IMRIR 428 . B2 FkBEME SR, &2
WLPAHRR G & & 3 T HE =215 (P<0.05); A~
[R5 RO KM K . 2 KT /52, B
LR IR 53 i i 25 e e = A2 (P<0.05)
DU AE 32 A oM AR L RTRELIR D & B 0 1 AR
BRI HASACFREREARL . 1] HE 5 M el 7 AN [] 2
TR A G,

1 BN LA S IR AR R L QR E /100 g)

Table 1 Changes of basic nutrient composition in muscle of
Quasipaa spinosa (wet weight g/100 g)
Ei=tan FF kS e AZ
Ko 78.30£0.18"  76.05+0.12° 78.48+0.69"  72.78+0.35°
MM 19.59£0.16°  20.77+0.11°  19.15+0.61°  24.79+0.32°
HURWG  037£0.02°  0.71£0.03°  0.41+0.03° 1.19+0.05°
ix 0.94+0.00¢ 1.19+0.02° 1.78+0.05" 1.05+0.03¢

1 AR R R 25 573 8 35 P<0.05, 2., 5T .

2.2 AEZETIEREEERL PO S A BRLE R S A

G Bt e UL PA) 1) 4 3k 1R 2 Al 2 Y AR b I O an
22 2 FioR, Uk e Y S 3 IR 4 AR P 2 I SR 2 3 2=
ARAISRE A o AEAS [F] 2% 779 J0AR) e JUL R e A7 A £
17 PP mR, Forh b/ A LR 7 Pl SEER LR
AT R[EZETT LA SRR AH b R s R
i, R o im i Re AR U LR Hh 2
B BB K IMRIR AR T> R o> 47> 5 7 AN [m]
19 LA AR T S 1R B i R MR > T >4
T2 2 AR 29 LY AP R IR S8 B R 2 i R/ IMIRIR
AR TS TR T2 T B T U e UL PR e R S R
SRS SR AR a3, R B
Tt 2 R RN DR S FERR AE AN [R] 2775 Hh AR AR g BEAN TR,
PYTERK R L & e o AN IR 2= e
DAL TREAER STE S A &R A5 LEAE
0.41~0.42, #2#E FAO/WHO #2& H 190075 & LR & 18
R RN B FLIETE 40% LI DS AT LAFS L it
e SRR 20 e S B A, P IR ZREAL P o oy Lh
15, BT BRe N[ iR 2 R R & B S AR
HEEAE 0.37~0.38, EZRALA A R e 2R S mfIG

F2 AERSEFTEMFNL(TE ¢/100 g)
Table 2 Seasonal variation of amino acids contents
(dry weight g/100 g)
LR = CES FkZE X%
KIT4&4MRAsp™  9.83£0.06° 9.83+0.04° 10.24+0.06* 9.55+0.11°
H R Thr' 4.29+0.05° 4.51£0.03° 4.80+0.02" 4.27+0.04°
S MeSer 4.09£0.02° 4.05£0.02° 4.28+0.03* 4.30+0.04°

Py

/

2

12

HHEmRGI™ 15.61£0.11° 14.51£0.12° 15.49+0.15" 15.26+0.17*
HEERGly™ 3.85£0.01° 3.95+0.01° 4.08+0.04* 4.16+0.03°
HNARAl" 5.15£0.02 5.06£0.02° 5.21+0.04° 4.83+0.01°
A FRCys 0.88+£0.01° 0.87+0.01° 0.93+0.01° 0.91+0.02°
B R Val 4.73£0.03" 4.41£0.03° 4.70£0.03* 4.71£0.02°
FERBEMet” 2.58+0.02° 1.94£0.01° 2.18+0.03" 2.65+0.03"
Sre g ilso’ 474+0.02° 4.44+0.02° 4.67+0.04° 4.61+0.05
SRR Leu 7.86£0.03° 8.69+£0.04* 8.20+0.03° 7.84:+0.08°
fi% AR Tyr 3.35+0.02° 2.94+0.02° 3.30+0.04° 3.24%0.04°
TN E i Phe” 3.97+0.03° 4.66+0.01° 4.08+0.04° 4.13+0.01°
MR Lys” 9.29+0.04° 9.25+0.07° 10.20£0.05° 8.73+0.10°
2H &= W2 His 23+0.03"  2.24+0.02° 2.19+0.03% 2.25+0.04°
AR Arg 5.7140.04° 5.69+0.04° 6.31+0.03" 5.78+0.04°
il 2 #&Pro 2.3+0.03°  3.07+0.03* 1.21£0.02° 3.04+0.03°
BERRBETAA  90.55+0.11 90.10£0.26 92.05+0.25 90.37+0.60

W E SRR S TEAA 37.47+0.00 37.90+0.11 38.82+0.15 36.95+0.18

fif R Z FER S TDAA 34.45+0.10 33.35+0.15 35.02+0.17 33.81+0.26
TEAA/TAA 0.41 0.42 0.42 0.41
TDAA/TAA 0.38 0.37 0.38 0.37

T AR TR TR AR IR A TR

23 WFEEEBLERITEN

AR Z= TR SRR 3 PR, AR
T e L PR T S R i A S 2 R T e
=, AR & . 5 FAO/WHO P44
HARUEIEAH LY, BRE 2 SRk =1 B 2R I 2R 5
{IXT FAO/WHO VAR, FR PP e e LR
TrE Y AR R 5 . A FE B IE IR R BUAE 92.63%~
97.49%, H Bk ZR A SLIRFE Edre =i, & Z= k. ANIF]
T R LA T R R VRS S A2 E VR AN 4 B
7, FULA T AAS VP43H47E 0.85 LU I, CS fb240F5
Yi7E 0.65 LA I, FEH B iE LA & TR B m . K
P& AAS TF5r 1 CS P43 4F Shy B ek 11 25 F= PR AR
HE, PR AL PR A 55— B 2 i 5 58 — B2
FEPRAEANR 2= I A e 25 57, BT FAC T80 — BRI

3 ARZETOFERER S5 (mg/g'N)

Table 3 Changes of essential amino acids content in different seasons (mg/g-N)

W SR HFE H% T X% FAO/WHOTT/3M =, ESLTHE|
o 297 325 337 293 250 292
ETERN 327 318 330 323 310 410
SR 328 320 328 316 250 331
SEHEMR 544 626 576 538 440 534
R 643 667 716 599 340 441
HARR+ =R 239 203 218 244 220 386
RN AR =R 507 548 518 506 380 565
EAAI(%) 94.34 96.04 97.49 92.63
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# 4 ARREIZVEILIR AAS PEHFI CS PE4>
Table 4 AAS and CS in different seasons

PEN IR Bt HER SR TR EESNiT R TR R TR B+ 2R
K2 1.19 131 1.24 1.06" 1.89 1.09™ 133
. HZ 1.30 1.28 1.42 1.03" 1.96 0.92 1.44

FIHFRITS3 (AAS) - . .
hZ 135 1.31 131 1.06 2.11 0.99 1.36
X% 1.17 1.27 1.22 1.04" 1.76 1117 1.33
HFE 1.02 1.12 1.86 0.80 220 0.82 1.74
- ES 1.11 1.10 2.15 0.78 228 0.69 1.88
IS4 (CS) o

= 1.15 1.12 1.97 0.81 2.45 0.75 1.77
A7 1.00 1.08 1.84 0.79 2.05 0.84 1.73

e gt BRI AR ™ S 55 PR S R
LA TR AR, B MR 2 B R S AR AR A
125 I ZERNRK Z= 40— FR i Pk 2 ZE iR ) S AR AR+ 2
12, 555 PRl Pk 2 J i Sl 4 2200
2.4  AEZEFHRBOEER/L PO RS BAERLE AR 534

AN [ 2575 e ek FUL PR) o S U 1R 28 A7 7 25 5
Wk 5 Bin. HEME I AAHE], 3 9 Fh, Hodhify
FINRIHTR 2 Fh, BAABEFINRG TR 2 Fh, Z BRI
fig 5 Fi; FKEERR DR ZH i =F 5, 3 18 Fir, FHrhifufn
REWIBR 7 B, BRABFIRR IR 4 Fl, ZZANBFIRR TR
7 Fhy NG TR 15 Fh, o FIg iR 5 Fi, B
AHFHB TR 3 B, Z A FIIER 7 . BKZ=0R
Jtg ez LA B I B R 2H R C18:1n9¢ (FHITR, 28.33%)

K5 ANFEZTRE LA R DTRE A (T %)
Table 5 Fatty acids composition in muscle of Quasipaa
spinosa in different seasons (dry weight %)

BIIR B S €= X7
Cl14:0° — — 0.43£0.02°  0.77+0.03"
C15:0° — — 0.12+0.01 —
C16:0" 21.4+0.74*  19.33+0.33° 18.07£0.40° 17.33+0.46"
C17:0" — — 0.3+0.00°  0.31x0.01°
C18:0 9.27+0.12°  9.2+0.06 18+£0.52°  6.83+0.37°
C20:0 — — 0.39£0.01°  0.65+0.02°
C23:0° — — 1.8+0.04 —
YSFA 30.67£0.80° 28.53x0.43° 39.13x0.94" 25.89+0.71°
Cl16:1n7c¢"™ 0.61£0.01°  0.85+0.02°  0.60£0.02°  0.7+0.01°
C17:1n7¢" — — 8.7+0.09 —
C18:1n9¢™ 18.740.34°  22.73+0.37° 28.33+0.60"  16.8+0.42¢
C20:1n9¢™ - - 0.48£0.01°  0.63+0.01°
YMUFA 19.3120.41°  23.58+0.48" 38.12+0.84" 18.12+0.50°
C18:2n6¢™  28.93+0.38° 31.93+0.72° 0.21£0.01¢  26.2+0.78°
C18:3n3¢™ - - 0.38£0.01°  0.62+0.01°
C20:2n6¢™" 1.8+£0.05*  1.53+0.03°  1.76£0.02°  1.55+0.02°
C20:3n6¢™  0.85£0.02°  0.88+0.01°  1.19+0.02°  1.32+0.01°
C20:4n6¢™  11.63£0.27° 8.77+0.29° 10.47+0.21°  8.9+0.31°
C20:5n3¢™ — — 0.3£0.01°  0.31%0.00°
C22:6n3¢™ 3.1+0.05"  3.8+0.05°  2.27+0.07°  2.84+0.07°
YPUFA 46.32+0.56" 46.9240.91° 16.57£0.21° 41.74+1.30
EPA+DHA 3.10£0.06°  3.80+0.06"  2.56+0.08°  3.15+0.08"
YPUFA/YSFA  1.51£0.04°  1.64+0.03"  0.42+0.01"  1.61+0.05"

H: Y SFAR AR & & AN Y PUFA Ry Z2 AN A 1% Atk ST
SMUFA N B FIR I RR & b SR R AR I R; ™R B A
NN " RER S AR RINRNT; —Fm AR R IE]

T e, Hth =20 C18:2n6c GIRIHPR ) & 18
B iH o AN EIZETT ISk L PR TP AR R RS T R 5 B RS
WK R ZE> 7T T 2> 2025 Z A FINRIDITG & i
RAMRIR Ry 25> 2> 2 Zm> Tk AN IR IDT TR
B i KM Rk TR 3 > > 42, M FIIB I BR
FEAABFNNR IR P e B R S e, &= I 2
ANLFIRE TR -5 M AR W R 1 LUAE R 0.42~1.64, 15
T AL EIE (0.4~0.5) o B LRI BB
Uit EPA+DHA A& B AEA A 2= 22 (LA 5
ZAFNR TR I AAT R, B =S, AR
ZE AU U LA A ARAS N S]] C20:5n3¢(EPA) ¢
3 g

WIAT SV E R AR R B, AR TR 55 B T B 2
VIFHZE, SR %o 4 2R AN ey sk, WARG sl 250k
ASHRR S, A MRS T AR 32 23, 9F B I LA
AR BB R AR k. DIATERFFR IR, AR
e A S 42 ) S I AR, TR PRI LY 45
HL P RR T SO AR AR A, S Sed s B BT
TEACNR AT BN 8, 7EAIRA LSS A PSR, e 42
HIE &85 SR, 14 22 2R B i) W ATE S 19 BiE D7 LT wiHE
JRON A S FR A g e A 2 I L PRIHELAR, I AR
J5 5 i e v, 2 BHB NG e A A B AT S A BR i LA o)
ZMRIATEI A RE e THAE o R UL P HPoREL R 1 e
T JRE b (Paa boulengeri)" s ¥ARE W5 & i T 22 1H
P& (Rana tigrina cantor)™™, JIE deE07 1A F= AR
44 (Rana chensinensis )",

ot e UL PR AP 2 3R P 9 2 A AR TR =1 1
AR T A e, AR & BB AR, 5 43 (Litho-
bates catesbeiana )" FNELEEIE (Pelophylax nigroma-
culatus) " v R FEPR ZH MR O AR L o BRI e UL PR
S BRI, $2 T FAO/WHO $2 H (1) FRAR 7R
F R, HLA o TR & LR S A e AN R ZE T LA
i 2201 2 e e, R S B h B S R 2 12
g, B Rt AARES ISR/ P, 2RBH T i i
A LAER—FE BT 2R USSRk IR . s L T i
2 — BRI PEE IR 528 PRI M E ISR AE A R 2=
A 25 5, R 2 R iR S 7 5 SRR e i P e 4 21
ARTA, A 5 PRECIE AR P, AN [R) 2= vhofgi g ek L
P Y R B AR Z IR R A R 2 R T
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TERKZE vy, A Z o i ek L PR A 0 7 a0 1 o i e
%o BRUILZ AL, BRIHEE LRI 9 2 SRR s S A
A ZET AR E 3 iR RS R = R R
KA B A IR T RE AR S HAth 2=y
R TERESEEATER T, i 2T A A
K RAENR LT, RS B I a], Jofi i 15 50 2 el
55, 3 HAFEEEIRES, LR 2RSSR N PRI A G
Y RVE N R E AR A A, RS A S A Tk aE,
TR 2K AR sh 2 Lk e, 5 B hes
B ek R ae L, BRI LT
SELR SR A LR SR R RER IR S ]
HARN A FER G .. A5 R & L2k
(Nanorana parkeri) FFREFTIL R LHZE A o752 3L BR 1Y
Er A EA R B 2 REAR (P<0.05), HAANZ 5530
B L R A IR . 25 R e,

S e LR o g 5 R 2H A AS R 221 AR E 25 57
(P<0.05), H. KR IR e h E &, ki 2s 5
Al BESE A TN R 2= kg %) T35 FE TR B AN Rl i
W, 341, B SIR AR WA AT BEsZ LY s
ITRIILE A . A HAEA IR, PIATS B3 18
FAH AP ARV TR 5 1, sl B ISR g s
Y FNRRER i LA, SX A LTI BB oA M IRAE IR 2
BE NI & BT sh iR, 3f B K B AS RIS
PR AT AT S50 v 2 MR TR A A7 B TE], DA v A
YA ZEAFRE Y, AR, = LR AT
FIALAH L AR RS AL RIS IR S = e ah vk
ACPRSS 2 TR s A LSRR RR DT B e S iR
iR & B I T AR I AN, T e R LR
EFEY GRS R = A 22 5, LAY
FHABWTBRAL AR TIR AR, AL &7 HAb) T, YL
bR ZH Y E BNV AR R RS
R At BRI, I H A T AR B R
1R Lb AN IR, Btk e Re o A _ D dAr s 25 4
an, YURRTHI ) K16z (Oncorhynchus spp.) 22
FEIFAEAB W VE N BE e Fr A= A1 311, BEABEAIG; VLR
U H R LLITE AR R BEAR T AL BB Ve e i
He R AT BN ARNUA PR ER I B EE R R
FLiEH SFA Fl MUFA & KR N RT3, A
WS BH K AE DV RA T 2R AR YA H]
HLET Y SFA 1 MUFA {68, M5 2448 LA
R - SR P PUFA LL4EREER B a0 A= am s 350,
5% BABT AR L, BEBEEE AL P AR AE T IR L A BN
YRR T > 22 AN I I e > 1 A g Ui i Y, X AT
5 P E RIS [RIAE S, ASBsT rhopi i R 224k
MEAEAS B, TTS R4 R B TR SR R R AN T RS
(G S L INS NS N e NS O )i g g IR AT
1R . SWRRIR, FF HL i SR B o = Al Y, L
P B Z ANV IR IR SRR IR Y LUAE N 0.42~
1.64, & TR AR BUE 0.4~0.572, D6 e
ek ¥ UL PR BB DT PR s JB

4 ZHp
PR A SRy — T i AR A i, HE R B LR A
NEWiiR, HE IR0, 2By H ORI, 2=
AR TR B UL PR F A SR B S22 (P<
0.05) . AN[EIZEAY gl LR Fhod AR D AR
BRI, $ A TR e s UL h = LR 4
JEAPEAEAN [R) 2= AH ], PRk =i de LY 9 S 2
FEMR & 1 (92.05+0.25) g/100 g. 7 24 ik 12 & Kt
(38.82+0.15) g/100 g F fif R & FL iR & &5 (35.02=+
0.17)g/100 g ¥ f5e i LA H IR PR AL A A EAS
[F] 2= IEAS ], Herp Rk =i de UL P AR 5 PR 2 lidseh
T, Ea 18 Fh, AR IR 7 F, SRS
U524 Ff, ZAMBFAEIIBR 7 o BBk S LA
i UL I D7 R 7 2t FNZH R IS 45 T T 1 v 1
H =AY, BRIk, 7RSS 2B X ik i 7= i 255 1
R AT LIRS e 28 i AR e LA o 3
S 3k

(1] B2, G4, Fbm, 5. vl bok iR R K= 253 ik
J %% (Paa spinosa) AT & AR ST AR LB A= IR R 2 % R 200
ag R £ 5 [J). B% 53178,2015,46(3): 679-686. [ SIL G, FU
Y, LI H P, et al. Sex-related differences reflected in the effect of
morphological traits on body weight and net body weight of an eco-
nomic animal, Paa spinosa in streams of siming mountains[J].
Oceanologia Et Limnologia Sinica, 2015, 46(3): 679—-686. ]
[2] MpAhE, vh &R, RG4S, 5. A7 ic 4 s ek R S IR K e
R AR A4, 2015, 56(7): 1122-1125. [MELY Y, YE
R H, SONG T T, et al. Current situation and development counter-
measures of Quasipaa spinosa in Zhejiang Province[J]. Journal of
Zhejiang Agricultural Sciences, 2015, 56(7): 1122—1125. ]
[3] 47404 MMEILA ERAL 2T (1) —Md oo
A AR W B H 2B R (J). 9T K F 4R (B F 1), 2000(4):
433-437. [ SHUM A. An analysis of the nutritive compositions in
muscle of Rana spinosa 1l . contents of normal nutrients and com-
position of fatty acids[J]. Journal of Zhejiang University (Science
Edition), 2000(4): 433-437. ]
[4] %% MR SRR 0. RARRST W FE
8920 % [J]. i K 5 523k (B2 5 4R), 2000(5): 553—559. [ SHUM
A. An analysis of the nutritive compositions in muscle of Rana
spinosa 1l . compositions of amino acids and mineral elements[J].
Journal of Zhejiang University (Science Edition), 2000(5): 553—
559. ]
[5] £, x1Fm, Ky, 5. RRH ARGt £ KA FH
B EZFNHY A ] R LA, 2017, 58(9): 1610-1612.
[MAOJT, LIU Z P, ZHANG P, et al. Effects of different diets on
growth, development and metamorphosis rate of Quasipaa spinosa
tadpoles[J]. Journal of Zhejiang Agricultural Sciences, 2017, 58(9):
1610-1612. ]
6] #k), iKit, ZARUF, . R B & IRAKF 5 BRI R AT HA
kst KagHem [J]. K= JRg, 2020,41(12):27-32. [XIEY
G, ZHANG J, WANG H X, et al. Effects of different feed composi-
tion and feeding frequency on growth performance in tadpole of

Quasipaa spinosall]. Journal of Aquaculture, 2020, 41(12): 27—


https://doi.org/10.11693/hyhz20141200337
https://doi.org/10.11693/hyhz20141200337
https://doi.org/10.11693/hyhz20141200337
https://doi.org/10.11693/hyhz20141200337

- 370 - £ Tl B4

20224 5 H

32.]
[ 7] MEHER B, ANDRE N, MOUNA F, et al. Effects of temperat-
ure, density and food quality on larval growth and metamorphosis in
the north African green frog Pelophylax saharicus[J]. Journal of
Thermal Biology, 2014, 45: 81—-86.
(8] ZFif, 234, AR, F. B BN HRIS &0 454
¥ AR S A BIF A AR A F O Ha ] BB R
%3k, 2019,31(4): 1864-1876. [ LI X, WANG L, ZHANG C X, et
al. Effects of partially replacing fish meal with brewer's yeast meal
on growth, antioxidant capacity, and liver and intestine tissue mor-
phology of bullfrog (Rana (Lithobates) catesbeiana)[J]. Chinese
Journal of Animal Nutrition, 2019, 31(4): 1864—1876. |
(9] PEBARIFENFELT 2, BRRASAREHETEA.
GB 5009.3-2016 & & %A B Z47 /£ £ & PR & [S]. 7!
W B A7 B4, 2016. [ China National Standardization Adminis-
tration Committee, State Food and Drug Administration. GB 5009.3-
2016 National food safety standard. Determination of moisture in
foods[S]. Beijing: Standards Press of China, 2016. ]
[10] PEHERGALERZLER 2 BERSGREHEERA.
GB 5009.6-2016 & & %4 E A7/ £ & P Ry e 2 [S]. b
W B 47 ek, 2016. [ China National Standardization Adminis-
tration Committee, State Food and Drug Administration. GB 5009.6-
2016 National food safety standard. Determination of fats in
foods[S]. Beijing: Standards Press of China, 2016. ]
[11] BREAFFRAEFTER LS. GB5009.4-2016 £ &b 4 )
RARME RSP &M Z [S]. % B AR S 4L, 2016.
[ National Health and Family Planning Commission. GB 5009.4-
2016 National food safety standard. Determination of ash in
foods[S]. Beijing: Standards Press of China, 2016. ]
[12] +EBERAFELEZE R L. GB5009.5-2016 £ &% 4 )
TAFE Bo PR G A ey [S]. b F B AR B ARAL, 2016.
[ China National Standardization Administration Committee. GB
5009.5-2016 National food safety standard. Determination of pro-
tein in food[S]. Beijing: Standards Press of China, 2016. ]
[13] v EBEZARELETEZE R 2. GB 5009.124-2016 & &% % 4
RAFE RS b AAB AN E [S). b F EARE H AL, 2016,
[ China National Standardization Administration Committee. GB
5009.124-2016 National food safety standard. Determination of
amino acids in foods[S]. Beijing: Standards Press of China, 2016. |
[14] +FEBEFARELEZE ] 2. GB 5009.168-2016 & & % 4
FAF R R0 P Re Wy Er e 2 [S]. b P BARE sk, 2016.
[ China National Standardization Administration Committee. GB
5009.1168-2016 National food safety standard. Determination of
fatty acids in foods[S]. Beijing: Standards Press of China, 2016. ]
[15] PELLETP L, YOUNG V R. Nutritional evaluation of pro-
tein foods[M]. Tokyo: The United National University, 1980: 26-29.
[ 16 ] PASANEN S, KOSKELA P. Seasonal and age variation in
the metabolism of the common frog, Rana temporaria L. in North-
ern Finland[J]. Comparative Biochemistry and Physiology Part
A:Comparative Physiology, 1974, 47(2): 635-654.
[17] B, &R, 4T BRI ILR SR & IR R 05
547 (7. w34, 2001(4): 211-212. [ WEN A X, ZENG J K,

HE T. Analysis on meat tenderness and nutritional composition of

Rana boulengeri[J]. Sichuan Journal of Zoology,2001(4):211-
212. ]

(18] x\m, x| ¥ &, hAS, & FEELES FERLENA
89 8 Fe o e [T]. KA i Ak, 2008(3): 64-66. [ LIU L, LIU C
W, LIN D N, et al. Comparison of nutritional components in muscle
of Rana tigrina rugulosa and R. tigrina cantor[J]. Journal of Hy-
droecology, 2008(3): 64—66. ]

[19] ZMWW, RLFE, B3k FEABRAG TR 2HTS
0[], 2 F 3 4 F 4R, 2012, 16(2):89-93. [ WANG B B,
ZHANG W G, XIA Y J. Evaluation of nutritional components in the
muscle of Rana chensinensis[J]. Journal of Economic Animal,
2012, 16(2): 89-93. ]

[20] Z2AR, GRE, KAR 5. 205K EHTFud K 4
YR K ACEE TS J) BTk A AL IR AT 8 Foe [T). K & F 3R, 2016,
40(11):1742-1752. [ FANG W D, LU K L, ZHANG C X, et al.
Effects of fish meal replacement by soybean meal on growth, body
composition, digestive enzyme activities and hepatic biochemical in-
dices of Rana (Lithobates) catesbeianall]. Journal of Fisheries of
China, 2016, 40(11): 1742-1752. ]

[21] ATER, ABZ 5, Rk, . 54 5 gl 2t sk LA & 7k
T R e A7 (1], K =52, 2019,38(4): 506-513. [HE Z G,
WU Y A, XU Y F, et al. Comparative analysis of muscle nutritional
quality of wild and cultured Rana black speckled [J]. Fisheries Sci-
ence, 2019, 38(4): 506-513. |

[22] Mot MER, 2k, F. ERELF S HELRLREE
FMEILER S 547 (7], R seAtaE,2014,35(15): 251-257. [ YANG
X, ZHU H F, WANG T, et al. Comparative analysis of amino acid
composition and nutritional value of roots of Codonopsis pilosula
from Wushan and other growing regions in ChinalJ]. Food Sci-
ence, 2014, 35(15): 251-257. ]

(23] AT&R, 24K, A, . BREIA ERRL 2T A
AL, B 44, 2018(17): 74-77. [HE Z G, WANG D W,
XU Y F, et al. Analysis and evaluation of nutrition composition in
the muscle of Rana nigromaculata[J]. China Feed, 2018(17): 74—
77.]

[24] A&, BRE R, RS a) &M KB Lk A Aok i R B 20
BT[], S 45 % &,2003,38(2): 60-64. [ DAICJ, GENG B
R. Composition of amino acids in the muscle and skin of Hoplobat-
rachus rugulosalJ]. Chinese Journal of Zoology, 2003, 38(2): 60—
64. ]

[25] REm, EEHE, HH R, F. BREIUEBZRT KA
AR AR R B B A RO B0 Ree [T]. K A A F IR
2020, 44(2):372-378. [ SONG M P, WANG J H, CHEN Z W, et
al. Effects of cyclical starvation-refeeding on survival, growth, and
muscle fatty acids, amino acids of Octopus minor[J]. Acta Hydrobi-
ologica Sinica, 2020, 44(2): 372-378. ]

[26] KA. &L Fak ARG A A LS AL R 5 F AU [D]. 2
M 2 K F,2019. [NIUY G. Physiological and biochemical
characteristics and underlying molecular mechanisms of hibernation
in Nanorana parkeri[D]. Lanzhou: Lanzhou University, 2019. ]
[27] SCAPIN S, BALDINI P, LULY P. Phospholipid and fatty
acid composition of frog (Rana esculenta) liver —a circannual
study[J]. Lipids, 1990, 25(8): 443—449.


https://doi.org/10.1016/j.jtherbio.2014.08.006
https://doi.org/10.1016/j.jtherbio.2014.08.006
https://doi.org/10.1016/0300-9629(74)90027-9
https://doi.org/10.1016/0300-9629(74)90027-9
https://doi.org/10.3969/j.issn.1000-7083.2001.04.014
https://doi.org/10.3969/j.issn.1000-7083.2001.04.014
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.3969/j.issn.0250-3263.2003.02.016
https://doi.org/10.3969/j.issn.0250-3263.2003.02.016
https://doi.org/10.7541/2020.045
https://doi.org/10.7541/2020.045
https://doi.org/10.7541/2020.045
https://doi.org/10.7541/2020.045
https://doi.org/10.1007/BF02538086
https://doi.org/10.1016/j.jtherbio.2014.08.006
https://doi.org/10.1016/j.jtherbio.2014.08.006
https://doi.org/10.1016/0300-9629(74)90027-9
https://doi.org/10.1016/0300-9629(74)90027-9
https://doi.org/10.3969/j.issn.1000-7083.2001.04.014
https://doi.org/10.3969/j.issn.1000-7083.2001.04.014
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.3969/j.issn.1003-1278.2008.03.024
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.7506/spkx1002-6630-201415051
https://doi.org/10.3969/j.issn.0250-3263.2003.02.016
https://doi.org/10.3969/j.issn.0250-3263.2003.02.016
https://doi.org/10.7541/2020.045
https://doi.org/10.7541/2020.045
https://doi.org/10.7541/2020.045
https://doi.org/10.7541/2020.045
https://doi.org/10.1007/BF02538086

B 435 F oM

XU , 4 I 5 3R 2 A (T ST - 371 -

[28 ] FALKENSTEIN F, GEISER F, WATSON K, et al. Dietary
fats and body lipid composition in relation to hibernation in free-ran-
ging echidnas[J]. Journal of Comparative Physiology B, 2001,
171(3): 189-194.

[29] FhsR, Bk, ZM, 5. WU KT & & (Oncorhynchus spp.)
BRI 5 Rg by B 6y %50 (], i3 5178, 2012, 43(6): 1247—
1253. [ CHEN B, FENG J, WU B, et al. the effects of starvation on
fat and fatty acids composition in pacific salmon (Oncorhynchus
spp.)[J]. Oceanologia Et Limnologia Ainica, 2012, 43(6): 1247—
1253. ]

[30] FR#, TZ=, A FAR, F. VARM 83T E F M4 &4k
Fe AR LI S B B2 28 % A BT DE RS R @ R B AR R R R e w01, 3
M E I AR, 2020, 32(6): 2782-2790. [ CHEN W J, DING L Y,
DENG Y H, et al. Effects of starvation stress on physical indices,

muscle fatty acid composition and liver lipoprotein lipase gene ex-
pression of juvenile crucian carp (Carassius auratus var. Pengze)
[J]. Chinese Journal of Animal Nutrition, 2020, 32(6):2782—
2790. ]

[31] Z9pF, A8 L2, 00T, F A& RRa % Lol
2 eeAt5,2007(12): 472-475. [LIY Y, ZHENG W X, WANG R
X, et al. Nutritive material of Rana chensinensis by multivariation
analysis methods [J]. Food Science, 2007(12): 472—475. ]

[32] T4k, &k i, 5. miNces e FILA T RARS
R oy BR 4B AR, 04 25 A [T, R d % A & #5231, 2020, 11(11):
3607-3613. [ LUO Q, HUANG M M, REN L H, et al. Analysis on
the amino acids and fatty acids compositions in muscle of juvenile
Australian golden perch[J]. Journal of Food Safety and Quality,
2020, 11(11): 3607-3613. ]


https://doi.org/10.1007/s003600000157
https://doi.org/10.11693/hyhz201206031031
https://doi.org/10.11693/hyhz201206031031
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3321/j.issn:1002-6630.2007.12.114
https://doi.org/10.3321/j.issn:1002-6630.2007.12.114
https://doi.org/10.1007/s003600000157
https://doi.org/10.11693/hyhz201206031031
https://doi.org/10.11693/hyhz201206031031
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3321/j.issn:1002-6630.2007.12.114
https://doi.org/10.3321/j.issn:1002-6630.2007.12.114
https://doi.org/10.1007/s003600000157
https://doi.org/10.11693/hyhz201206031031
https://doi.org/10.11693/hyhz201206031031
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3969/j.issn.1006-267x.2020.06.038
https://doi.org/10.3321/j.issn:1002-6630.2007.12.114
https://doi.org/10.3321/j.issn:1002-6630.2007.12.114

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品处理
	1.2.2 指标测定
	1.2.3 必需氨基酸组成评价方法

	1.3 数据处理

	2 结果与分析
	2.1 不同季节棘胸蛙肌肉常规营养成分分析
	2.2 不同季节棘胸蛙肌肉氨基酸组成分析
	2.3 必需氨基酸组成评价
	2.4 不同季节棘胸蛙肌肉脂肪酸组成分析

	3 讨论
	4 结论

