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Table 1 Results of orthogonal experiments with atmosphere L (3°)

S [ % Experiments factor
ST A RUKIRA I B MR/ C C BB/

Experiments

F PR
H&®/ (/1)

number Bone-water Cooking Cooking QOHFcnt of protein
ratio temperature time in fish bone soup
1 1:1 90 2.5 0.32+0. 00
2 1:1 95 3.0 0.3640.00
3 1:1 100 3.5 0.3440.00
4 1:1.5 90 3.0 0.27-+0.03
5 1:1.5 95 3.5 0.3540.01
6 1:1.5 100 2.5 0.42+0. 00
7 1:2 90 3.5 0.1840.00
8 1:2 95 2.5 0.23+0.00
9 1:2 100 3.0 0.27+0.00
*k2 BEBRBFESW

Table 2 The results of Anova analysis with atmosphere L, (3°)

TERE O AME  WETIM o) Ff

Origin of  Degree of Sum of square Mean square F value P,>F

variance {reedom deviation deviation
A 2 0.076 5 0.038 2 87.91 <C0.000 1
B 2 0.036 5 0.018 2 41.92 <C0.000 1
C 2 0.003 9 0.001 9 4.45 0.025 1

B Error 20 0.008 7 0.000 4
A Total 26 0.1255

FH 2% 2 AT bR 0T i B R R R X 3
0T A A S ) e ) TRDR R R
JT A W E L R A ALB G, RIURK T
FEoh 1 1.5, B AR 4 100 °C, Z& I EHE] A 2.5 h,
I B T R B RN 0.42 g/L.

22 BEAHIMERAR

280 AR R BT 6 e R AR Y e p 2
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Table 3 Results of orthogonal experiments

with high pressure Lo (3%)

[ % Experiments factor 18R
RBHE e SREYH
AROKBTR L B BHIREE/C C BHImME/L ARR/ (/1)

Experiments

number Bone-water Cooking Cooking Cjonfem of protein
ratio temperature time in fish bone soup

1 1:1 110 1.5 0.68+0. 00
2 1:1 115 2.0 0.63+0.01
3 1:1 120 2.5 0.70+0. 00
4 1:1.25 110 2.0 0.51£0. 00
5 1:1.25 115 2.5 0.42+0. 00
6 1:1.25 120 1.5 0.56-+0. 00
7 1:1.5 110 2.5 0.46-+0. 00
8 1:1.5 115 1.5 0.49-+0. 00
9 1:1.5 120 2.0 0.58+0. 00
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Table 4 The results of Anova analysis with high pressure L (3°) Table 6 Effects of processing conditions on
- - the content of free amino acids mg/L
TEER AME  RETIIM opiy
Origin of ~ Degree of Sum of square Mean square Fval P.,>F SRR 1 K Al W KA
variance freedom deviation deviation value Kinds of amino acid High pressure cooking Atmospheric cooking
A 2 0.172 2 0.086 1 941.34 <<0.000 1 EREBR Tau 3.3340.01 a 2.8940.02 b
B 2 0.046 9 0.0235 256.80 <C0.000 1 KEHBR Asp 2.50+0.01 a 0.03£0.00 b
C 2 0.012 9 0.006 4 70.49 <C0.000 1 H & Thr 1.3740.00 a 0.07-40.00 b
%% Error 20 0.001 8 0.000 0 2258 Ser 0.0440.00 a 0.0140.00 b
B Total 26 0.233 9 AR Glu 15.2540.11 a 0.404£0.00 b
FH 22 4 T4, Bl K B HY B TR B R AR ] A ) H&Em Gly 4.13£0.01 a 1.20%+0.01 b
. R e N WHEM Ala 7.94£0.04 a 0.4440.00 b
X#@%’Yﬁtpﬁﬁﬁﬁﬁiﬁﬁﬁ*&iﬁgﬁuﬁ’Eiﬁ[:zﬂ% P& B2 Cys 0.53+0.03 a 0.04+0.01 b
MABC L EVRIK LR 1 1, BRI EE R 120 C WM Val 13.8840.10 a 0.2540.00 b
HEHER Met 9.5240.05 a 0.15+0.00 b
sFiat Ay 2R )
(F£77°0.1 MPa) . Bl 1) 9 1.5 h, BE41E FEIESC SIE AR Tle 10.40£0.13 a 0.16%0.00 b
R RO RO L LA 0 B A PR R B EER Le 263140110 0.3420.01b
. e R Tyr 2.2740.02 a 0.0040.00 b
ZEL Bt AL F = R
S, A R G T ) A RS A 0,72 g/ L KT %R Phe 10.360.09 a 0.1340.00 b
23 HEBHSIEEERFINAEAESIETERS R I TR G-ABA 0.1440.01 a 0.04-£0.00 b
N 5,50 Orn 19.86+0.12 a 0.08+£0.00 b
W TR B 5 TR BCE 1B — Rk 2R A : : : :
16 s R 45 e TR B i O — A o R Lys 25.3540.15 a 0.98-0.00 b
W, % RO W R R T4 &l g B 41 His 7.424+0.03 a 2.1240.02 b
N = L s 5 ZNi .664+0.02 a 0.03740.00 b
H o ; JAS @5 Trp 2.66
HoAe 4 2 AR AR B, AT BEASE 35 05 X B (3R 5) AR Arg o 0940, 01 b 0 0540, 00 -
AR5 R, 2 Ao 0y S B £ SR i 2 Pro 0.1540.01 b 0.40%0.04 a
FRAT A0 22 5 O PR 10 0 v T gy R e/ L) 163. 44 9.79
otal amino acids
W E AR KRR B KA SRR ER T
N N 65. 64 43.16
T%L’}T\:I%égﬁrﬁﬂ E,\] @’%’Y% o Essential amino acids ’
£5 MIFAMEBEZEAERRHSEORM B ok HIERR %4 Lo 86 s
Table 5 Influence of processing conditions on proximate Umami amino acids
oy v = - A
nutritional composition of fish bone soup AR AR 0 6.15 1.94

v i e R A R
EE o . .
High pressure  Atmospheric
Item . ;
cooking cooking

Sulfur amino acids

BE Y/ % Total solids content
MEH/(g/L) Crude proteins
KEVEE M/ (mg/mL)

7.274+0.17a 5.3640.21b
0.72£0.03a 0.50%£0.04 b

i 2.1440.08a 1.684+0.02b
Water-soluble proteins
W4y /% Ash 0.26+0.00a 0.1540.01 b
5/ (pg/mL) Calcium 57.0840.05a 42.2840.20 b

DRATEIE R F AR XA A BFEZES (P<0.05), T,
The data with the different letter in the row are significantly

different,the same as below.

2) 5 1 5 g e 2 Y e i s R R AL
B B 22 R R0 2B A - e R ) Y £ i v i
BERRIRR O Y T R AR a3 1 W R
P R T2 B 0 B R R B B A . AR
MR KA R R R IRV i IR S BE IR L L A% R 1 £
WK A i o T 2R L T 24 R 2 22 A R I R AR M a2
fig v R B T v A R R R A =R
000 15, 25,2, 60 mg/L, MM H 2 i 19 8
1435128 0. 40,0. 03 mg/L (3% 6), b W, & &
HE 0 0 E — o AR L LR R A A e O

1) S R S S TR 75 b J2 15 A8 A R R K 44 SR B R R R o 1Y
VAR 5 5 i 2 1R 5 et i TR R R 2 I R B R o = R
B IL{E . The content of umami amino acid refers to the
ratio of the sum of glutamic acid and aspartic acid to the a-
mount of total amino acids; the content of sulfur amino acids
is the ratio of the sum of methionine and cysteine to the a-

mount of total amino acids.

3) 5 TR AR 5 s R A Y £ B D7 R 4 A .
Iy O £ v RR TR 4 R R e N 3R 7 T
R. HER T AL N R T A i o s R 4H
BATTE S Ve 2 S . R R B Y i i RN AR D
i BN ARL IR 7 TR RN 22 AN AR R BG U7 19 AH 6T 5 2 4y
W42, 22% 42,46 Y F1 15. 17 % . TR B& ) 4 f
Wy 56, 47% .28, 10 % F1 15. 44 %,

24 BEERHESERFNERTFELZERS

S T8 AH A9 26 B 46 & SRR T 4 R (SPME-
GC/MS) 4 2 Fom T 07 2 5 17 1 KR ) T
o P K A 1 8 R R R 1) a3 T R T R
IEBEKIIZES . R R A o8 S S
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Table 7 Influence of processing conditions on the relative content of fatty acids

G192, 8106 A i 1 2 1y 57 A1 R S ) 5
£ MIFAMEEFRRFHRANSBOZ M

Jig 17 AR 25 7Y Jig s R o 2 TR R 21 H R B
Type of fatty acids Kind of fatty acids High pressure cooking Atmospheric cooking
TRER (C14 : 0) Myristic acid 7.14+0.03 a 6.10£0.03 b
+ H AR (C15 : 0) Pentadecanoic acid 1.8540.06 b 15.5340.04 a
T R0 g 15 R LBk BEAR (C17 : 0) 17 carbon methane acid — 1.0740.03
Saturated fatty acid AR (C16 : 0) Palmitic acid 26.1140.04 a 20.87+0.02 b
fifl JE /2 (C18 = 0) Stearic acid 2.86+0.01 a 2.05+0.02 b
AR (C20 : 0) Arachidic acid 4.26+0.05 b 10.85+0.03 a
LA 0 7 R Fi Al — B2 (C16 ¢ 1n-7) Palma olefinic acid 13.147+0.03 a 9.41+0.01 b
Monounsaturated EE(C18 + 1n-9) Oleic acid 26.1540.05 a 17.38£0.02 b
fatty acid 4 —HEER (C20 + 1n-9) Peanut a olefinic acid 3.164+0.07 a 1.31£0.01 b
W2 (C18 : 2n-6) Linoleic acid 5.16+0.08 a 1.2840.02 b
16 MR (C20 : 2n-6) Peanut diene acid 2.547+0.06 a 0.714£0.02 b
A6 A DU R (C20 : 4n-6) Arachidonic acid — 4.69+0.02
S G i ftqf:dﬁ%ﬁfl((ZO .1 3n-6) Pfeanul '1rienle acid 0.60+£0.04 b 0.9240.02 a
Polyunsaturated ﬂzﬁ@i((/‘m : 3n-3) Linolenic flcld . 1.69+0.04 a 0.20+0.02 b
fatty acid AEE =M HR (C20 + 3n-3) Peanut triene acid 2.66+0.04 b 4.1440.02 a
PRk FOR (C20 ¢+ 5n-3) Timnodonic acid 0.81£0.01 b 0.87+0.01 a
T TERASIERR (C22 ¢ 6n-3) DHA 1.71+0.15 b 2.62+0.02 a
;o W RS BE R ) 45 A O (A, 2R R A IR ) BT A
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Effects of processing conditions on the nutrition
and flavor of the silver carp bone soup

LYU Guang-ying DING Yu-gin KONG Jin-xi XIONG Shan-bai ZHAO Si-ming

College of Food Science and Technology s Huazhong Agricultural University/
National R& D Branch Center For Conventional Freshwater Fish Processing (Wuhan)
Wuhan 430070,China

Abstract The proximate nutritional composition and odor components of the silver carp bone soup
cooked under high pressure and atmospheric pressure processing condition were determined to provide
the fish bones soup processing method. The results indicated that the contents of total solids, protein,
water-soluble protein,calcium,ash and free amino acid under high pressure were significantly higher than
that of atmospheric pressure except arginine and proline. The content of monounsaturated fatty acid un-
der high pressure were 14. 16 % higher than that of atmospheric pressure. The odor components were ex-
tracted and determined by headspace solid phase microextraction and gas chromatography-mass spec-
trometry,63 volatile components were identified from the soup under high pressure while 25 volatile
components under atmospheric pressure. To obtain the maximum nutrition value and best flavor, the fish
bone soup should be cooked under high pressure. The temperature should be controlled between 110 C
and 120 °C. The ratio of bone to water should be between 1 : 1 and 1 : 1.5 and the soup should be sim-
mered between 1. 5-3 h.

Key words fish bone soup; high pressure cooking; atmospheric cooking; nutrition; flavor;
Hypohthalmicthyx titrix
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