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Abstract: The nutritional components of skin and scales of Spinibarbus caldwelli cultured in Zhijiang river reservoir cage in Hunan
province were determined. The results showed that the contents of crude protein, crude fat, moisture, and crude ash in fresh skin of Spinibarbus
caldwelli were 23.80%, 13.24%, 49.21% and 0.38%, respectively, while those in fresh scales were 40.77%, 2.70%, 53.53% and 9.05%,
respectively. Both skin and scales contained 16 kinds of amino acids, in which the total amino acids (TAA) accounted for 11.91% and 50.64%,
respectively. Although, the ratios of EAA/TAA and EAA/NEAA in skin were only 20.91% and 26.43%, respectively, as well as those in scales
were only 16.71% and 20.06%, respectively, but the ratios of delicious amino acids (DAA) /TAA in skin and scales were up to 46.23% and
48.42%, respectively. Both skin and scales contained 11 kinds of fatty acids, in which the saturated fatty acids accounted for 23.20% and 25.01%,
respectively, the monounsaturated fatty acids accounted for 53.59% and 53.95%, respectively, and the polyunsaturated fatty acids accounted for
23.21% and 21.04%, respectively. Cu, Zn, Fe, Mn and Se were detected in the skin and scales of Spinibarbus caldwelli. In skin, the content of
Zn was the highest, and Se was the lowest, which were 64.62 and 0.03 mg/kg, respectively. In scales, Zn was the most abundant and Se the least
abundant trace element, and their contents were 32.96 and 0.27 mg/kg, respectively. In conclusion, both skin and scales were rich in minerals
and unsaturated fatty acids, with huge potential for development and utilization.
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schrenckii) "%, 4:#kfa (Nemipterus virgatus) 7, #
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S E BRI E AR
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i 5 2, fKE (1319.4+672) g, &K (47.5£2.5) cm.
1.2 i 7 %

12.1 #fouhl&

RIE 5 RANGERSE . KRB, HRE R AR
G, FEE-80 CHURIRAT, HT—RCE TR
FHER. NRNIR. W e RS E «

122 —fEFHmaMAE

KoEg: (105£2) CH M (GB/T 5009.3-
20100 ; AR S E: HIYLIKEZRME (GB/T
5009.5-2010) , FHMLEEAFHEE FOSS 4 HEhLIKE
ZAX Kjeltec 8400; fHEHI&fE: RIKHHEE (GB/T
5009.6-2003) , AL AFTEE FOSS % R4
Koy: 550 CHARyFIREE (GB/T 5009.4-2010).
123 &R

RN E AEFEAN R, U ERE L 0.5 g,
F 6 mol /L (I ERTF 110 C F/KM# 22 h it i & A % 50
mL, H00.5 mL FATREIERAES, FHZEERA
M (BECKMAN®, 121 MB, USA) J5ERES
QIR S L
1.2.4 RERFERME

(1) BRI E AR Tian, T J 25PH BN
FRERE R, BRI 0.3~0.5 g FEf T 10 mL 20, 0
NHEEE (1:2) SmL, #BRANES) 1h, TR
€, 4 mL 248K, 3000 r/min &0 5 min, 2 E
W, FERKBSOERT (40 C). FJEIA 1 mL
sl E O ARYA A%, 0 1 mL 0.4 M KOH-F
TR E 30 min ZH47 AL, 2 500 2 mL £EFK,
Fioy 2GR 2 A S B A (22418 7820 a,
ZHRHYE, KED FHTE. SAEEE RN 30
mx0.320 mmx0.25 pm Agilent 19091J-413 GC
Columns, FARIEE 210 C, #3125 (FID)300 C,
BRI 250 °C, #UNE4E N2, 2K 30 mL/min,
&S/A 40 mL/min, =X, 450 mL/min.

(2) AR LT EAF R RRH 7 &
DA 21 S B TR 1 2 B X
12.5 FHuE egmz

TR A Y R R B A B AR 0 (K
W, ERERHT RN, R RO EE
THE

1.3 & r i FU A IEIN 7

4 FAO/WHO 1973 “EZEW I IEIRVE it
F PO 4 00 2R R R ) A L R A R 4 2 % S kP
HR A R R R IR (AAS)ALZEES) (CS)
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EAAl _H\/IOOAXIOOBXIOOCX“.XIOOH

A B C. He
XF: aa ARBHLELBESE (%); AA qowno H
FAO/WHO ##5ARERX T FIAF B S E (%), AA gy H
EUEFARFRMRILESE (%), n A ed 288

#: A, B, C, ...... , HABILAEE R4 E 2L BREE (%,
dry); Ag, Bg, Cgs ...... , Hp A8 EEE e 50F R A
* (%, dry).

L4 B4R

S v 25 ZH B A T U 2 T B b v 22
7~ (meantSD), X Excel 2003 £1 SPSS 18.0 4iit
BAFATESE M7

2 ZR51Me

21 Rl o S — BB AR

B 1 A] R, A% S50 Hh ol S0 g 57 (0 HH T 7
(13.24%) SEEZE K TaEE (2.70%) (p<0.05), I
HAEAR (CP40.77%). /K4r (49.21%) K IK4)

(0.38%) HEHMEE/NT A (CP40.77%; K7
53.53%; K5 9.05%) (p<0.05).

A e Rl R SRR B TS T LAl (18.02%~
20.60% ), T IV fi R KR 0 e v T LA, fi
Meli o SIUA (1.73%~3.05%) #H2415290, 5 H At
R ARLY, I f 7 ROREL AR 5 T B A SRR A
7 (21.32%) PRt 2 (25.60%) P T
Rt taflz (38.70%) U0 Komita sl (31.10%) P,
ARt (33.14%) M. Sfitita iz (30.41%) M,
trfh 7 (29.80%) P2, mIftita p (28.10%) M| fEta
)7 (25.90%) PA. B IIES 0 Y (24%) T, i
A G & B SRS SRt R (12.38%) P4,
T HAESH 8 K (44.71%~46.72%) P), Hhize s THL
i (8.80%) M. K huhta (7.40%) B it FAF (5.78%)
61 xith (4.29%) MO, BaEf (1.56%) Utaffa
B, ARG P S RS R A, S A EA
FEMMEN, AABmrIeRmnE.

KPR R e i, i BT IR R H =
i % s E 2 AR VR F o ) Bl R 2 1 5 5 R v
40.77% (BEFE), Imim T2 AEMm% (22.08%). HLA

(28.67%)+ i g (29.23%). &t (29.44%)
USI fafih R iR (9 & B, IR S B, it
b R S REEE, medes Nk
FEICER (5 K O3] 13.8%~15%. T LS fh % A 4
UFHIER FUTORIE IR, B RS E 7 ME .

=1 RELE e SN —REFRRS (B

Table 1 Nutritional components in skin and scales of Spinbarbus caldwelli (wet weight basis, %0) (n=5)

I E Ko HEG FERE FLA S
f2:'4 49.21+1.82° 23.8+0.09° 13.24+3.64° 0.38+0.01°
fok 53.53+0.81% 40.77+0.72° 2.704+0.23° 9.05+0.12°

E RFPHFRTAPHESTEE, FAHATRE EAFELFERATEFRE (p<0.05); FH.

22 FERE g And 5 A S AR

FHFE 2 AIAT, TR R A S A 16
FhE AR (AR S, ERERE S E
PARARATHD, FEF 7 TR (essential amino
acids, EAA) F1 9 FhdE0h FH &L (nonessential amino
acids, NEAA), ZIEMR =475 A (total amino acids,
TAA) 11.91%. 50.64%. Hlfinfaf; 16 PR+ i
REFERR (2.32%), HUCONHRRE (220%). &
AR (1.42%). HEER (1.09%), FEZR (0.11%)
TR, FIEEAEE 16 FREIEIR S KN EIR

(11.22%), HUCHHEIR (11.12%) 2R (5.87%)-
NRER (4.72%), BRI (0.57%) k. A
i EEA S9N 249%. 8.46%, NEEA &&

IIAIN 9.42%. 42.17%, EEREFEER (delicious amino
acids, DAA) F &AM 5.51%- 24.52%, EAA/TAA
351N 20.91%- 16.71%, EAA/NEAA 73514 26.43%-
20.06%, DAA/TAA 4358 46.26%. 48.42%.

TSR A R IR R, A TR SRR o S R
& (EAA/TAA) (1) 2091%, DSFEEIERR 5 HIFLT
ZIEMR (EAA/NEAA) [1) 26.43%, #R#E FAO/WHO
(o BEAR R 20, R AT 1 AR o O A AR TR A AR
EAA/TAA } 40%7° 45, EAA/NEAA KT 60%", ix
XA ot gt B SR M,
FEH ) B g i Pt i T
SR —E, BARRISE S AR E R R L R AR
JiE o R AR e R H A DA SR R R S R T H R
TR 16 AL & B i 2 PP It
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PR, I b I R A T o o A 7 B TR A I
37.95%, FFEMRIRE AR IR R IRF T e 57
HERAHER A R ER SR (37.95%) =14
5 (32.75%) MO B A RMN (33.10%) PO KTy
th (36.49%) PVt ftay, ST AT (42.92%)
U0t )7, K5l RITAER. B4R HER. N
R AN R E R, AERAMUE R E
BEEREIEIR . —, 1T R A AR AR
HEGERER, Z52MAEINEEYR SR, e
o 7 SERR B R IR & B2 R AR (DAA/TAAD )
46.26%, 1&T B A XEM (65.77%) P, Bk
(53.77%) M. Kigta (53.7%) B A6 (55.8%)
(S (50.09%) U0Vt fy fo fz
2 RIE0E AN SR EERAARN (BERE)
Table 2 Amino acids composition in skin and scales of
Spinbarbus caldwelli (wet weight basis, %0) (n=1)

LA N4 B8k
Asp 0.80 2.81
Thr * 0.36 1.30
Ser 043 1.74
Glu 1.42 5.87
Pro 232 11.22
Gly 2.20 11.12
Ala 1.09 4.72
Cys - p
Val * 0.38 1.20
Met * 0.11 0.94
Ile * 0.28 0.93
Leu * 0.51 1.48
Tyr 0.16 0.57
Phe * 0.31 1.05
Lys * 0.54 1.56
His 0.12 0.62
Arg 0.88 3.50
TAA 11.91 50.64
TEAA 2.49 8.46
TDAA 5.51 24.52
TNEAA 9.42 42.17
TEAA/TNEAA (%) 2643 20.06
TEAA/TAA (%) 2091 16.71
TDAA/TAA (%) 46.26 48.42

VE COFGAMRFTE 0956 F BB TAA RELBRE S
TEAA &2 5% 8IL# EA2; TDAA & Glu, Gly, Asp #= Ala &
kRSB B A, TNEAA ZIELE ELB Epr; R TAS
i
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TR 1 B 1 SRR ZH B, EAA/TAA N 16.71%,
EAA/NEAA 4 20.06%, WAAANTFE FAO/WHO [1EE
RS 5 B 1 R O U R A A, R e s i 1
WARE B EMREAR, X 5P dEml,
figg g ™), Fgn U1 e 12 e L2 Gyt SBRRTT 0 25
R EfAE kb H R AR R R S R, X
PR IRV E AR JE AR (IR IE R IR, FLE A fa if
FIEIR RN 44.12%, FFEIRIFER (I SR ALy
P o T £ T G IR R MR S R SR R R R R
44.12%, T B AR (27.74%) " i fa % (26.61%)
U810 wita il (26.22%) U8l dfafh (42.49%) U2, 4
i (35.57%) U215, e o @k SRR & B R
F5, AHEEREE (DAA/TAA) 1] 48.42%, &
T Bt (42.28%) U8, ffaik (38.87%) UM, ®
ik (39.08%) U8, TR T AR EE (68.74%) [ i
il (62.20%) 45, FERRAEMEHEIIB TR
i, HESRATIhEE. WO, SRR R RN ) AR R A
RFEERRIEEA, mHEERERR S EFE, o
TR ) A R AR A S RS RN E AR R

2.3 JR|AE g An B B IR E I & SO

R4 FAO/WHO i 1 Z BV o s = 4
XS B ER IR AR IR A, T3 H ) e e g R 4 55 )
AAS. CS Fl EAAL, Wik 3, 4 R, ) fifaf 7
Fhth T & LR 0 S E I TARERI. YR AAS, I
i ey 7 0 £ 8% 53 B0 IR 1 0 ) B R+ I R
(Met+Cys) 0.06. &R (Lew) 0.45, HiK¥ZER
R (le), EiZE 0.13. 0.50, 43HEis
ARERR . SRR, HEih 0200 0.93; K
P CS, IR i i R # %  HUORR AR 1) 350 BRI+ e
R, AN 0.04, 033, RS ARFHEARRHER
R (Phe+Tyr). &M (Lew), 43414 0.10. 0.37,
S HER I AR AR TR, Ha Uy
A 0.15. 0.60. TIIL, KHE AAS, T f R 0 £ i
(1) 58 — PR i) M 20 25 1R 40 ) O B 2 IR + o It IR
(Met+Cys)« &R (Lew), 5 FRFIERFERRIIN
SRR (le)o Wl CS, T o 57 AN i 55— PR
HPE R BRI N R R R (Met+Cys), 25
PRI E Z IR I N R P 2 BRI 2R (Phet+Tyr) . 564
R (Leu). HHE a7 1 % (1) (1) 0 75 0 R R 45 4L
(EAAD 735105 10.19%. 41.12%. ABFRS5#E L
2%t 410 SR ARSI K Ty et B AU SR
EU L £ oy A £ i B 1 o AR AT S R A A L 91 AN
i, BT ATREAR, AN R R R
() ELAMEHEATHE T o
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% 3 Fltlta & s B R ERRLAR
Table 3 The content and composition of essential amino acids in

skin and scales of Spinbarbus caldwelli (mg/g, on protein basis)

AR &R Bk FA;;?;Irlmg Egg protein
Tle 34.46 125.08 250 331
Leu 62.76 199.05 440 534
Lys 66.45  209.81 340 441
Thr 44.30 174.84 250 292
Val 46.76 161.39 310 411
Met+Cys  13.54 126.43 220 386
PhetTyr 57.84  217.88 380 565
Total 326.11 121448 2190 2960

® 4 RELE RIS BEEARITS . HWFTS RO R RERIEY
Table 4 Evaluation of essential amino acids composition in skin
and scales of Spinbarbus caldwelli

PR AR Y4 Er
Tle 0.13%* 0.50%*
Leu 0.14 0.45*
Lys 0.20 0.62
FILBRITF - AAS Thr 0.18 0.70
Val 0.15 0.52
Met+Cys 0.06* 0.57
Phe+Tyr 0.15 0.57
Ile 0.11 038
Leu 0.12 0.37%*
Lys 0.15 0.48
1145 CS Thr 0.15 0.60
Val 0.11 0.39
Met+Cys  0.04* 0.33*
PhetTyr  0.10%* 0.39

oF RILER 454k (Essential
aminoacid index, EAAI)
VED ORI EIRER, o R RS R R
HBR,

24 6B & i Tt 88 T B 4

HH 5 WI%n, AR 7 325 11 PRI :
3 MMEFENIER (SFAD, RIS 81 23.20%; 3
Fh AN R HE B R (MUFA ), 5 JiE B R 5 & A
53.59%; 5 MEZAMANENER (PUFA), &HRITERE
M 2321%. HEMIERA 5 H L C16:0. C18:1n-9,
C18:2n-6. C20:4n-6. C22:6n-3 (DHA) N¥, L /LHE
TR S fY) 85.30%. £ EPA 7 & (i Ia iR A2
0.37%, DHA /fETER S &M 0.85%, EPA+DHA (4

10.19 41.12

H'éﬂﬁ@ﬁ S 1.23%.0n-3 RAIZ AN 5 T
M) 2.24%, n-6 SRR IDTIR & IR s == )
20.97%, n-3/n-6 4 0.11,
R A b E AT 11 FPARITER: 3 R ARG
2 (SFA), (5RNiTR 21 25.01%; 3 Rl ARG
iR (MUFAD, 5 HETR S &1 53.95%; 5 FhZ Al
HMIRENTE (PUFAD, (SRR E ) 21.04%. HEINITR
M4yl C16:0. C18:1n-9. C18:2n-6. C20:4n-6+
C22:6n-3 (DHA) AN, I HENIREET] 88.28%.
ﬁ'ﬁﬁ EPA Zri& SNRWIRR S 1) 1.26%, DHA fiflgh
11 1.54%, EPA+DHA 5 a2 &1 2.80%.
n-3 %ﬂ%m@ﬂaﬂﬁ@ﬁ e ER S 2 1) 3.65%, n-6 &
FAEANEITTR o5 T DR S 1 17.39%, n-3/n-6 N
021,
&5 R0 AESREBRER (B4 (LASRAEREEBME
4D
Table 5 Fatty acids composition and content in skin and scales
of Spinbarbus caldwelli (%o, in total fatty acids, n=3)

iR s sk
C14:0 2.77+0.18" 2.35+0.20°
C16:0 20.18+0.52 21.27+1.03
CI8:0 0.25+0.03 1.39+0.41
'S'SFA 23.2040.73 25.01+1.35
C16:1n-7 9.62+0.38" 4.98+0.21°
C18:1n-9 4330+3.51° 48.09+1.08
C20:1n-9 0.66+0.18 0.88+0.14
Y MUFA 53.59+3.09 53.95+0.88
C18:2n-6 19.60+£2.22° 14.65+1.70°
C18:3n-3 1.01+0.25 0.85+0.19
C20:4n-6 1.37+0.04° 2.73+0.55%
C20:5n-3 (EPA) 0.37+0.03° 1.26+1.77°
C22:6n-3 (DHA) 0.85+0.07 1.54+0.96
EPA+DHA 1.23+0.09° 2.80-+0.92°
Y PUFA 23.2142.48 21.04+0.49
*SHUFA 2.60+0.05° 5.54+1.44°
*n-3 2.24+031° 3.65+0.76°
bn-6 20.97+2.20° 17.39+1.24°
n-3/n-6 0.1120.00° 0.21+0.06*

E: 'YSFA RAeAeRg RS A *YMUFA 23 bAfig
Frdg %A, SYPUFA £ % Riafafig B A2, *YHUFA 23R
toAa gL A n-3 ARAE n3 A S Rafels e, LiE 18
3n-3. 20:5n-3 #= 22: 6n-3; “n-6 XA& n-6 & % RiofefsrEs, &
F 18:2n-#F= 20:4n-6.

IR £ B O£ 65535) 06 - AR DT RR, 4y
AN 76.80%- 74.99%, I3z i THEFIARINIR, EEHH]
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i 71 7 RN £ 5% (1 HE T R 2 R AANB AR g T R e 3=, B
SARTE_ EshlP, X 5% 0 A6 g, kD
e 1, it U0 i o RV (ORI S SR
3. BPA BAVEEIME B I ThRe, aFRe e EiE
K, DHA BAPACIAE . @2ss . SEEmmsh
M ABRFReMiEE 4, RERta i EPA+DHA 5 AR
BRI 1.23%, KTHkES (27.64%) Bl H A6 i
(2.33%~3.42%) U1, Komata (3.2%) P, BEtn
(7.29%) B0 Eifh (6.81%) BPOjfitn (19.79%) B°
SR, [FIRERRIEE 5 EPA+DHA g 7R A
B 2.80%, Ik THi%fh (3.68%) ), 2£[H 4141 (18.3%)-
Rt (20.4%). Efhfh (16.1%) B ) ta ik,
AR A B RN S S DHA R EPA K5,
XS ZHHOK AT TSR, B NIEK
i ff) DHA I EPA & &= ENRKAFE, Xilfts
PRK S0 5 TR L4 R IV JRRIR S Xt
X A R K £ Sk 75 R TR N EPA AT DHA
ekt S AL AR IR B SIS, SR, e
i A AN AR I BRZH A n-3/m-6(43 7128 0.11
0.21) HFF& FAO/WHO H#EET] n-3/m-6 HE &L
(0.1~0.2) B &gEi n-3/n-6 BEHRLEARILAG, 0
G RN T8 S Y K= LR 0F e ot S il E &
MR, HAMRETER (MUFA) BE6HE T AT
TR LR, W OMEE R ER, RS PG .
IS FARAEFEEE. By e iZmeR SRR, midc
W FC & BLRIAE 8 B R0 f4 5Y MUFA. & 8585, 05l
53.59%FH1 53.95%, i THlE (36.02%) P, KIhngfa
(6.4%) B, W6t (37.41%) MOV tr i K fikta (37.78%)
Bl SEMath (33.5%). Kt (31.8%). Mfkita
(40.7%) Pt gn g, THe fa B A0t Y MUFA i
R (C18:1n-9) 435k 43.3%H01 48.09%, TfiiHERHE
A RSB I ] P AT 2 P i 1 L e 2
HEEA s A A B RS, BRARHLAR L
JEE P JORE S D400, T DR e e g AR K T 4 A 2
I B RIFAN TR R AT T 5 1R C18:1n-9 55
AEARIE TR -

2.5 Fi#Ef gk Fo BB G 4,

1% 6 AT, S0 7 R f ik e R R O L K
W, OBE. B R W7 AR, HPE A ERS,
I3HIN 22.23 mg/kg. 2164.34 mg/kg: HUGEEE, SE
I3HIN 17.10 mg/kg. 335.88 mg/kg: TR TS
BiE, 290N 64.62 mg/kg. 32.96 mg/kg, HKEEL
S8, 98 9.12 mgkg. 11.94 mg/kg: Hi&E55
79 0.24 mg/kg. 0.39 mg/kg: Hh &7 A4 0.20 mg/kg.
229 mgke, WiEESD, 4518 0.03 mgke. 0.27
mg/kg.

TR TG R GERE AR IE H AR EILRE 59 g
FHHRERE(ERH, HA Zn. Cu fEBIESERELEJER
HASHEANAR Cd. Hg. Pb A HMESBLE S
M2k 281, Zn. Se AL, BAEIRK Laf
PLyaIT AR R i AT, Fe £ MR h LA
EMThEE, S5MEA. IR TR LSPERI A A
SR N RIVER . 0 f e ST, YA
Zn EEAE, HIKE Fe. Cu, X=FiEcRY
Tt PR 5 R B, T Min R Se HIUIG T RET
i v U R S R S R OER, LA Ca
Sty ENR Ca BEITKE, FR Zn. Fe. Mn
S R LR AN R, X D R 2 e i R
il fe SR (1T FU AR B, FE A 1Y) Fe J03R & &5 I £
A5, HAeMETCEWE TR aE:, FETa
=TI T (10 55 [ 20t 08 KB £ B (1 ki £ 89 1) Zn
N Fe & im T RISEAEE, i V)0 R &= N2 T T Re
st ta Rk, R, ARSI, BAaREK
IR A,

3 g

B A8 R AN SRR R AR SRR, BAARYE
AAS M1 CS PFRY, HUHEEREEATH, &8
TAGEEE AR, EH A B AR 16 M IR IR
R FRE IR (HER. RN At
WRE IR & 5y o RIBE A e A R 8 o R T R A AL
%, AWM S B, HEV YR ESE+FE,
3 LT , RBE £ K AR Sl — P R RO S R 1
RIS tho — A REF skl s kel 2K
AHHME.

*6 RELERMEHBTMTRNSE (ng/ke, HEFE)

Table 6 Mineral element contents in skin and scales of Spinbarbus caldwelli (mg/kg, wet weight)

F ik Ca Mg Cu* Zn* Fe* Mn* Se*
i) 4 22.23 17.10 0.24 64.62 9.12 0.20 0.03
Bk 2164.34 335.88 0.39 32.96 11.94 2.29 0.27

E REALE.
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