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Abstract: Nutritional components of fish skin and fish meat of puffer fish, including Fugu. flavidus, Fugu. bimaculatus, Fugu. rubripes,
Fugu. obscurus, were analyzed and evaluated. Four species of puffer fish had higher protein content and lower fat content, better protein quality
of fish meat, but higher trace elements and more fresh and sweet flavor were found in fish skin. The crude protein content of fish skin
(20.17%~37.61%) was higher than that of fish meat (18.13%~23.27%). The highest protein content was 37.61% in flavidus, Fugu. The Y
EAA/YTAA (39.01%~43.11%), YEAA/Y NEAA (65.26%~71.57%) and EAAI values (0.75~1.00) of fish meat were higher than those in fish
skin (16.61%~20.49%, 19.78%~25.70%, 0.25~0.51, respectively). They were accorded with FAO/WHO standard and the highest content was
Fugu. bimaculatus. The crude fat content of fish skin (0.20%~0.40%) and meat (0.21%~0.4%) was low. The Y FA (0.28%~0.39%), w-3 PUFA
(0.05%~0.15%) and w-6 PUFA (0.01%~0.09%) contents of fish meat were higher than those of fish skin (0.15%~0.24%, 0.02%~0.03%,
0.01%~0.04%, respectively). The highest content of w-3 PUFA was found in Fugu. rubripes. The fish skin of Fugu. flavidus contained higher
Ca?* content (1737.47 mg/100 g), the fish meat of Fugu. bimaculatus contained higher K* content (439.00 mg/100 g), and the Fugu. rubripes
contained the highest Zn?* content (0.90 mg/100 g, 8.93 mg/100 g, respectively). The results showed that the four species of puffer are all high
protein and low fat economic fishes, with rich and balanced proportion of amino acids, fatty acids and mineral elements and high nutritional
value.
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Table 1 Nutritional composition in fish skin and fish meat of four varieties of puffer fish

ER ¥ il ) SUBE 7 Ty ik, 488 7 J5 B, W 45 7R T b,
A% Fugu. flavidus Fugu. bimaculatus Fugu. rubripes Fugu. obscurus
R #2A L3¢ 2A LY 2R L3¢ 2R
K4 66.73+0.63° 79.59+0.56° 72.09+0.96°  77.00+0.45° 67.21+0.31° 79.13+0.64% 72.7610.46°  77.36+0.46°
MA&S 20010420 1.22+0.04° 2.6640.25%  1.2440.02% 2.7540.29°  1.0940.02° 2.8440.66°  1.03+0.02°
HASHF  0.20£0.00°  0.24+0.00° 0.40+0.00*  0.38+0.00° 0.21+0.00°  0.40:+0.00% 0.3940.01*  0.21+0.01°

#MEH  37.61+0.00° 20.84+0.00°

20.17+0.52¢  18.13+0.85°

35.07+0.85°  20.15+0.92° 32.66+0.11° 23.27+0.48

i FRFHEATR—IEMAEZFEF (p<0.05), MR FEHEATE —FIHELFAEFE (p>0.05),
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7 2 PUFdATY € R 0t AR EEERZA R
Table 2 Amino acid composition in fish skin and fish meat of four varieties of puffer fish
HAHR T b ILBEF T B, GA ¥k 2 I 45 7R T b,
B #R Y4 R B #R B A
FRABIThr  0.8240.08°  0.77+0.44° 0.86+0.01°  0.97+0.01° 0.88+0.01°  0.95+0.55° 0.83+0.06*  1.00+0.08%
RN 0.93+0.08*  1.28+0.74° 0.9740.02*  1.12+0.01° 0.98+0.00*  1.04+0.60° 0.94+0.04*  1.18+0.06"
PELAH/Met  0.49+0.28°  0.44+0.05° 0.52+0.00*  0.56+0.02" 0.53+0.00  0.44+0.02° 0.56+0.03* 0.57+0.33"
FRAHNe  0.39+0.04°  0.83+0.48° 0.4140.24*  1.04+0.00° 0.39+0.23*  0.90+0.03 0.38+0.22*  1.01+0.08%
Z#AB/Leu  0.75+0.43% 1.56+0.36° 0.86+0.01°  1.72+0.01° 0.84+0.01°  1.63+0.06 0.83+0.03*  1.69+0.16°
K7 AF/Phe  071+0.06° 0.75+0.16° 0.74+0.01°  0.84+0.02° 0.7240.01*°  0.79+0.03° 0.7040.02*  0.83+0.05°
#ABILYs  1.28+0.11° 1.83+0.42° 1.35+0.03*  2.04+0.02° 1.38+0.80°  1.90+0.07° 1.30+0.06° 2.14+0.24°
& AB/Trp  0.04+0.00* 0.16+0.00° 0.05+0.01°  0.22+0.05 0.05+0.01*  0.23+0.01° 0.04+0.00*  0.23+0.01°
YEAA 4.99 6.20 5.48 8,51 5.18 6.94 5.32 7.74

KA ABIAsp”  1.80+0.16°  1.75+0.38° 1.86+0.04°  1.91+0.02° 1.83+0.01°  1.80+0.06° 1.74+0.03°  1.84+0.06
B ABIGIUT  341+0.35° 3.83+0.21° 354+0.09° 3.31+0.06 358+0.07* 3.18+0.14° 3.2040.13*  3.25+0.37°
HAB/Gly”  7.91+066° 1.20+0.21° 7.99+0.17°  1.24+0.02° 8.1240.18  1.16+0.04° 7.2740.15°  1.04+0.02°
AABIAR™  3544029° 1.22+0.26° 358+0.07° 1.35+0.01° 356+0.09°  1.22+0.70° 3.38+0.36* 1.26+0.06°
2 R BR/Ser 1.2940.11*  0.99+0.57% 1.3140.03° 0.88+0.02° 1.3740.01°  0.86+0.50° 1.20£0.95°  0.88+0.09°
MEAB/Pro  3.98+0.39% 0.82+0.17° 41940.03*  0.85+0.01° 4144039  0.83+0.02° 3.60+0.08° 0.77+0.09°
B¢ ABR/Tyr 025003  0.68+0.16° 0.26+0.00°  0.75+0.01° 0.26+0.00°  0.76+0.44° 0.24+0.14*  0.76+0.08%
@ AF/Mis  031+0.18° 0.56+0.32° 0.31+0.18*  0.50+0.03 0.33+0.00°  0.47+0.01° 0.33+0.02*  0.52+0.02°
WABIAG 2684018  1.29+0.29° 2.73+0.07°  1.36+0.01° 2.70+0.11°  1.38+0.80° 2.38+0.01° 1.3240.12°
MEAF/Gys  0.05+0.01*° 0.18+0.02° 0.06+0.01°  0.23+0.06° 0.05+0.01*  0.19+0.46° 0.07+0.37*  0.23+0.01°

F IR %

YFAA 16.67 5.44 15.78 7.82 14.70 6.55 14.47 7.39
>NEAA 25.23 8.93 2453 11.89 22.17 9.98 20.70 11.86
>TAA 30.22 15.16 30.01 20.40 27.35 16.92 26.02 19.60
YEAAYTAA 16.61 43.11 18.32 41.72 18.83 41.21 20.49 39.01

E: YEAA AT FE AAREE; YNEAA ATHLFEALAMRES; STAA A TALREE; YFAA ATHRALRLE S, *
ETHAALR. FRFHEATR 7ML 27 2F (p<0.05), MRAFHLATE—FHAEEFAEE (p>0.05).
7 3 PUFPATEY € R Fnfa PR A B SRR 4R AN
Table 3 Evaluation of essential amino acids composition in fish skin and fish meat of four varieties of puffer fish
BR AT b I R T B, LT 9% 7 Ty b, W& 4 7 T Bk,

AR B s k¥4 s L &R L e BN
AAS CS AAS CS AAS CS AAS CS AAS CS AAS CS AAS CS AAS CS
Thr 055 047 092 0.79 1.07 091 134 115 0.62 0.53 118 1.01 0.64 054 1.07 0.92
Val 0.50 0.38 124 0093 097 0.73 125 094 055 042 1.04 0.78 058 044 1.02 0.77
lle 0.26 0.20 1.00 0.75 051 0.38 143 1.08 027 021 112 0.84 029 0.22 1.09 0.82
Leu 0.28 0.23 1.06 0.88 0.61 0.50 135 111 0.33 0.28 115 0.95 0.36 0.30 1.03 0.85
Phe+Tyr 042 0.28 113 0.76 0.82 0.55 144 097 0.45 0.30 1.27 0.85 047 0.32 112 0.76
Met+Gys 041 0.23 0.85 048 0.82 047 124 071 0.46 0.26 0.89 051 055 031 0.98 0.56
Lys 0.63 048 161 124 123 0.95 207 159 0.71 0.55 173 134 0.73 0.56 169 1.30
Trp 0.11 0.06 0.80 0.45 0.26 0.15 126 0.72 0.15 0.08 119 0.67 0.13 0.07 1.03 0.58
Total 055 047 092 0.79 1.07 091 134 115 0.62 0.53 118 1.01 0.64 054 1.07 0.92

EAAI 0.25 0.75 0.51 1.00 0.29 0.84 0.30 0.79
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Table 4 Fatty acid content in fish skin and fish meat of four varieties of puffer fish

B¥ ATk ILFE FR Ty bk, Ba ¥ 52 = &y
k7% L4 A FRH sA B A i 54 s
#2498 (C16:0)  0.04+0.00°  0.06+0.00° 0.06+0.01%  0.09+0.00° 0.05+0.00°  0.10+0.06° 0.06+0.00°  0.07+0.00°
ARG (C18:0)  0.03+0.00°  0.04+0.00° 0.04+0.01* 0.06+0.00° 0.03+0.00° 0.05+0.01° 0.03+0.00°  0.03+0.00"
Y'SFA 0.07 0.10 0.09 0.15 0.08 0.15 0.09 0.10
B (C18:1)  0.05+0.00°  0.08+0.00° 0.06+0.01%  0.07+0.00° 0.07+0.01*  0.08+0.01° 0.0740.00°  0.08+0.00°
A 12;(C24:1) - - 0.01+0.00° - - - 0.02+0.00°
YMUFA 0.05 0.08 0.07 0.07 0.07 0.08 0.09 0.08
EPA 0.0140.00° - - - 0.01+0.00°
DPA s - - 0.01+0.00° - 0.02+0.00° 0.01+0.00%
DHA - 0.05+0.00° 0.02+0.00°  0.07+0.00° 0.02+0.00° 0.11+0.01° 0.03+0.00°  0.04+0.00"
Yw-3 PUFA - 0.05 0.02 0.08 0.02 0.15 0.03 0.05
T4 (C18:2) 0.03+0.01°  0.04+0.00° 0.04+0.01°  0.07+0.00% 0.01+0.00° - 0.02+0.00°  0.04+0.00°
b b
0.01+0.00% - 0.0240.00° - 0.01+0.00% 0.05+0.00*  0.01+0.00°
(ARA)
>w-6 PUFA 0.03 0.05 0.04 0.09 0.01 0.01 0.02 0.05
YPUFA 0.03 0.10 0.06 0.17 0.03 0.15 0.05 0.10
YUFA 0.08 0.18 0.13 0.24 0.10 0.24 0.14 0.18
SFA 0.15 0.28 0.24 0.39 0.18 0.38 0.23 0.28

7E: YSFA AtaA=fE B B2 YMUFA A £ Ribfefe 7t %2 YPUFA H % o fg 7 82 ; YUFA A TeA= 5B YFA
KRG ER B2 Yw-3PUFA A w-3 A 3] % RiaAe s iR 52 Yw-6PUFA A w-6 A7) 5 IbAfls il & 8. RRFARTRE —F4
£ 7 EF (p<0.05), MEAFHFETE—FNIKEEZFAREF (p>0.05),
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N 4 Ffryey it €6 57 A6 AR R ERZH OR T, DU
HRITHERLE ARG & s, HUURIESUR i,
I X SFA AT MUFA 5 T-#5%7, SFA HRER ARG & &
B, B 4 Pt (B o R 2 R, R AN
FRITHE . LTAE IR Ty RIS SR T i 2 3 T A i AR
fili; MUFA 1, JHER & B3 m, R 4 Pz [i]
TREZER, MPRFNBE Rl L08R 7 AN
HROTIG R m T AR, AR, ARRERRE
i BERAR L7 A L B ) 5 B, AR S i RS S A
Fitryr A, KRAEER+ IR & B I N AL E R T
fifi () A, HGE B AR T . A w-3 PUFA
&, aiERTT RS AR R DHA. DPA Fl
EPA, M DHA FERESTHAL 3 Ff; N w6
PUFA &, XUBEARJ7ffith PRI SRR R, i
fpomREm THA 3 Ffa, BFAERE, KERN
DHA F1 EPA A] DB I Co e 1 RS, - F1F
R fd FEAEA2 R I, 4 bRt AP R TR L
BB, TF6 6 EFHERER, B IRMAEENT

24 THIBRTTRSEDT

Xif 4 Ay ¢ 5 RE AR W R G A T AR,
SRR 5 . BE, AENTIRLE SR
BT an, X SRR R KT R g R
FH—8, X T RER PR AT i AR 25 A /N

M 4 TR KR, HREICRTE GRS
B, HUGRBEITER, A ARy i S s AR
PEAR 7 i o f S e T A 3 B TR PR
REoERm, HIREYILR, AHEREE S TH
fity 3 Fyrrhili, o=l (6.46 mg/100 g. 0.91
mg/100 g). M 4 Ryl Sk E , HEIuR P
RIS REE S, HUCRBIGER, 4 PR e o
B M RE R, PR iR & T At 3
Fepympfis, A B TR M (232.9 mg/100 g);
WERTCR PR TR, FonER SRR,
Forh A A2 gt o i 2 v T oA 3 P, LR
IEEUR Ty it

&5 MipAsia R MERNT IRTRSE
Table 5 Mineral content in fish skin and fish meat of four varieties of puffer fish
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H& A& Ty b, ILBEF Ty B,
&4 i 7% /(mg/100 g) o wn o wn

4 (Na) 118.27+3.93° 70.27+0.12d 121.93+1.33 93.60+1.21°
4 (KD 32.0740.29° 383.57+0.58° 184.43+0.98° 439.00+1.56°

FELE 45 (Ca) 1737.47+43.59% 5.47+0.06d 1589.40+50.92" 7.73+0.12°
# (Mg) 26.23+1.33 31.13+0.06d 28.90+0.00° 37.20+0.00°
# (P) 503.17+14.89° 205.37+16.74° 840.07+0.06% 226.13+10.97°
£ (Mn) 0.3+0.00° - 0.70+0.00°
% (Fe) 1.00+0.00° - 0.77+0.06°

WMELE m (Cu) 0.04+0.00° 0.02+0.00° 0.05+0.00° 0.02+0.00°
# (Zn) 2.40+0.00d 0.30+0.00d 3.67+0.12° 0.60 +0.00°
s (Se) 0.03+0.10° 0.03+0.00° 0.04+0.01% 0.04+0.01°

L1 R Ty bk, W 45 AR T
& 4 f 7% 1(mgl100 g)
154 &R ¥4 &1

4 (Na) 150.37+1.67° 187.53+0.46° 118.07+8.03 88.50+0.35°
4 (K) 116.13+1.79° 266.47+3.18d 180.97+6.99% 340.70+0.87°

HEALE 45 (Ca) 1034.63+20.32d 8.77+0.06° 1399.67+27.71° 6.63+0.06°
# (Mg) 38.50+1.212 35.40+0.00° 26.00+4.50° 37.67+0.23°
&% (P) 484.00+54.26d 167.63+18.48d 740.30+26.14° 214.17431.75°
£ (Mn) - - 0.70+0.40°
% (Fe) 4.27+0.06° 0.50+0.00 0.87+0.12™

WEAE 4 (Cu) 65.86+21.17° 0.02+0.00° 0.09+0.69° 0.01+0.00°
# (Zn) 8.93+0.12° 0.90+0.00% 3.50+0.17° 0.73+0.06"
w5 (Se) 0.05+0.00% 0.05+0.00% 0.04+0.01° 0.03+0.01°

E: ARFHEATRFIHMERFEFE (p<0.05), MR FEHEEATR—FNKMEEFTEF (p>0.05),
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3 g

3.1 EIARINA AT A T, 416 2R T
FIE LA i £ 57 R PRI RS TR ) RS
B BEWIRRLH R e s, FEAT LR T,

NI AS[RIVAT i i SR A ELREA T 5 B VEA . AN 4
Fohympfii e 57 (P e S T, MBS R L, %K
IR 7> 21868 2R 5 > I S0 2R J > OB AR 7 i, 43l
N 37.61%. 35.07%. 32.66%. 20.17%; FHK7 &5
b WEGUR Ty > 21868 7R 7 > XUBE 2 7 i >3 55 AR 7
fili, 7} 2.84%. 2.75%. 2.66%. 2.09%; FHJEN
S b, BEAR 5 > WG SUR Ty > £ A8 AR 7 il >4 B
HI7tl, 43514 040%. 0.39%. 0.21%. 0.20%:; 4
FIR S BB IR SR E, 393 A7 il XUE 2R
7 it > 21 4 2R 77 > I SR JT 6, 5300 30.22%

30.01%. 27.35%. 26.02%7#!1 16.67%. 15.78%. 14.70%.
14.47%; HEIGET Ca s, AR 7 ifi>XBE
IR il > WS SR Ty il > 2L AR 7, oy N 1737.47
mg/100 g. 1589.40 mg/100 g. 1399.67 mg/100 g-

1034.63 mg/100 g; flEIGERT Zn EER R, LR
J7 800> XU 2R J7 > W SUORT7 >3 548 T, 3 )
8.93 mg/100 g. 3.67 mg/100 g. 3.50 mg/100 g. 2.40
mg/100 g.

3.2 M\ 4 Fhyirhufifa PRI e g AT g, AR AR |,
I 30 2R M>3R > 41 88 7R D > LB 2t

AN 23.27%. 20.84%. 20.15%. 18.13%; FHARM;
S b, AUHEAR 5> XU AR T > 2 5 AR 7 > B 4L
HI5HE, 43514 0.40%. 0.38%. 0.24%. 0.21%:;

YEAA/YTAA B b, 588 2R 77 > XU R T7 fiti> 21 g 7R
Ty iSRS A T, 350N 43.11%. 41.72%. 41.21%.
39.01%; YEAA/YNEAA 1 &, XBEAR 7 li>LI g4 T5
fili> 2] 5 7R 7 B> HE SR 58, 7393 71.57%-69.54%.
69.43%. 65.26%; EAAIME I, XPEAR 5 fili>21 6 7R 7
fii> 5 SO T3 0> 2 ¥ 4= 77 i, 439904 1.00, 0.84. 0.79.
0.75; YFA L, XUBEAR J5ili> 21 g 7R J7 fili> K SR Ty fi
=3 AT, 435104 0.39%. 0.38%. 0.28%. 0.15%:;
Yw-3 PUFA I, 216 477 fili> XU A 77 > I S0 AR T i
=S AR, e RN 0.15%. 0.08%. 0.05%-

0.05%; ‘HEIGERH K s, MBEARJ7il>% 5 7R
Ty > SR T > 21 6 7R 5 6, 43519 439.00 mg/100
g- 383.57 mg/100 g. 340.70 mg/100 g. 266.47
mg/100 g.

3.3 HH 4 Fynpdefi e 5 A6 PSSR R0, AR R R
TR 7 s T, ARRK & e T
B, R AN RREIE T & BB R 2 R

R FIERE SR = T A, fRYEAA/YTAA.
YEAA/YNEAA Ml EAAIE Y s T, HAFEFRE:
1 PIIY FA . w-3 PUFA il w-6 PUFA & B340 T [A
TR, BRI TR Ca EE T AN, K
TCRICT A, fERHETTER D Zn TR E T HA.
It 4 itk s e SRR AT ks, K
HAT ST R R, AR R R, R
RIMEERR . TRITRRAW MR +5. s,
EELINIEEET

HE LBk
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