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AN TR 5 = B 8 TRORE b £ D8 1 AR 1 43
DR 1, W1 ATA, e e HoRLER KL AR D RRL
TR0 o 29 35 % .20 Yo R 32% . ok Ak fa
e P RLAE i R 23 R DR B (A & e e e T
Y (P <<0.05) , M L2 11 ALK 73 & & 18 35T
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FH i I 2% 20 T (M3 il & 1 OB Ak £21 8 1 AL TR J
T R TR R AL (M2) R IR vk 41 (M1)

min,
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Table 1 Proximate of the fish bone pastes under different processing methods %
Ak B Ky LR H ML 1y R 53 IR E A
Treatments Moisture Crude protein Crude fat Crude ash Collagen
M1 77.12+0.12b 36.4740.16b 20.8441.22b 32.9040.52a 26.264-1.54a
M2 77.0040.40b 36.8340.61b 20.7740.19b 32.96+0.18a 26.86+1.38a
M3 71.8940.13c 35.8040.75b 24.9140.21a 32.5940.07a 15.81+1.58b
14 Fish meat 84.34+0.41a 61.51+0.90a 7.8340.34c 17.3740.60b 1.98£0.24¢

A B B R ] 2 B R 22 573 3% (P <<0.05), F[A. Note: Different letters in the same column represent significant difference

(P<20.05), the same as follows.
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Gh B SV PR . AN A
Ak 2 5 2 B U ) W AL R
(P=>0.05) 50 ,
®2 FAEMIARHENMELETROT URAK
Table 2

FART A 2

72

Minerals composition of the fish bone pastes

under different processing methods

W ¥ Minerals Ml M2 M3

Ca/(mg/g) 90.89+5.21a 90.89+5.39a 87.77+4.58a
P/(mg/g) 55.2142.21a 54.363.3da  57.55+5.46a
Mg/(mg/g) 0.7740.02a  0.75+0.06a 0.76 +0.18a
Na/(mg/g) 0.26+0.05a  0.26+0.0da  0.2640.09a
K/(mg/g) 0.4840.04a  0.48=+0.04a 0.46=40.04a
Fe/(mg/g) 0.1240.03a  0.12£0.03a 0.1240.01a
Zn/(pg/g) 4.1840.57a  4.464-0.54a  4.9840.75a
Cu/(pg/g) 7.954+0.39a  7.92+0.28a 8.08+0.11a

23 MIAKEBRIEERARNZME
AN TR Ty =X 8 0 s Ak £ 1 110 28 35 iR 40
DL 3, WK 3 AT, H AR A =R W =R AN
A B Ie R BRI E &0 15% ~
17%.10% ~12% 8% ~10% M 7% ~9% , A
T 7 A0t £ U8 B 2 R AL B A 3 M R
(P<0.05) . R JH e T 28 28 I T (M3 il 6 1) £ 1 U8
1) IO 22 R AN AR TN R P o S R I L B e T
HAh 241/ (P<<0.05) . 1] K& R R AR ER
x4

Table 4 Amino acid scores, chemical scores and essential amino ac

B/
5

R S50 AR 50 A TR | I 24 IR FIORG 201 U o i 2 3
1% 1Y L 451 . A T A 2 ZH 0 (P <<0.05), B T &
SEAR WA R R TN 2R L ok F R IR vk (MDD #n
IRV R (M2) il 25 1 f B U8 1) &5 2 R o S
R Y HE ) G e 2 22 5 (P >>0.05), i3 4 %,
g e — BRI E R oy R E R . R AR
FEA (M3) I T a8 R 11 06 75 0 3k R L 91 b 75
FEETRTEHCR F S TR R IR vk (MDD FAR R v
% (M2) 1 (P<20.05) ,

£3 AAMIARHEHHBEUEBTRNEERAR

Table 3 Amino acid composition of the fish bone pastes

%

under different processing methods

F AW Amino acid M1 M2 M3

REAM Asp 7.40+0.31a  7.3340.0la  6.47+0.01b
J &R Thr 3.5340.17a  3.51£0.02a  3.15+0.0la
225K Ser 3.9740.21a  3.73£0.0la  3.391+0.0la
HAM Glu 12.57+0.41a 12.0940.02a 10.70£0.02b
H&A® Gly 16.49+0.30a 17.5240.0la 15.0540.02a
HNE R Ala 8.56+0.17a  9.16+0.02a  7.87+0.01a
Bt R Cys 0.53+0.10b  1.3940.01b  7.04%0.10a
AR Val 3.000.07a  3.0940.03a  3.72%0.0la
HER Met 1.64+0.14a 1.70+£0.28a  0.72+0.01b
R AM e 2.3740.03b  2.83+0.0la  2.09+0.01c
SEE MR Leu 4.64+0.21a  4.5840.0la  3.99+0.01b
% &2 Tyr 1.647+0.14a 1.094+0.02b  0.884+0.02¢
RN R Phe 2.954+0.17¢  3.70+£0.01b  4.93+0.05a
WA Lys 5.27+0.17a  5.0540.02a  4.60+0.01b
Jif %@ Pro 9.1440.03b  10.3040.01a  8.82+0.01b
A His 1.3540.04a  1.4740.0la  1.4740.0la
@R Trp / / /

BER Arg 4.87+0.41a  4.67+0.01a  3.854+0.01b

W/ RNE IR & A K I, T A, Note: “/” represents a-

mino acid content was not detected,the same as follows.

AEMIAXFENEBTRNEERTS AFESMLEEERIEL

id indices in fish bone pastes under different processing methods

BIERRIF B L2 ISR

) SH T Ml M2 M3
HAEEW AEMEG R/ Y AERTE/Y
AA AAS pattern CS pattern AERIF5r T ARMRIT5r  AFIT5 AHEMRIT5r T 5
AA content AA content AAS CS AAS CS AAS CS
FE R Thr 4.00 1.98 0.8840.09A 0.7140.07a 0.88+0.01A 0.7040.0la 0.79+0.01A 0.63+0.01a
HEMR Val 5.00 7.42 0.60+0.03B 0.404+0.02b 0.6240.04B 0.424+003b 0.7440.01A 0.50%+0.01a
SRR Tle” 4.00 6.60 0.5940.02B 0.3640.01b 0.7140.14A 0.43%+0.09a 0.5240.01C 0.3240.01c
SRR Leu 7.00 8.80 0.66£0.06A 0.5340.05a 0.654+0.01A 0.5240.0la 0.5740.01B 0.45+0.01b
i Lys 5.50 6.40 0.9640.06A 0.8240.05a 0.9240.01A 0.7940.0la 0.8440.01B 0.72+0.01b
SR - I R
ﬁ%ﬁ% M 3.50 5.48 0.6240.14B 0.4040.09b 0.8840.07B 0.5640.05b 2.2140.15A 1.4240.09a
e Cys
RN AR
;’:hﬁffa MEM 6.00 10.08 0.7740.10B 0.4640.06b 0.8040.01B 0.4840.01b 0.9740.02A 0.7740.02a
e yr
OB Trp 1.00 1.70 / / / / / /
IR LA A /O
LR ER LE)/% / / 25.05+2.18B 24.09+0.10B 30.584+0.76 A
PEAA
WA G L i 4B
é\ﬁj\? LA / / 50.20+4.87B 54.17+2.58B 61.90+4.88A

i Note: AA: Amino acid; AAS: Amino acid scores; CS: Chemical scores; PEAA: Percentage of essential amino acid; EAAI: Es-

sential amino acid indices.* * 7R 5 — PR il P 24 FL e “

% ” represents the first limiting amino acid.
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14 45 1A A1 T 1k R (74,51 %) R R (IR A I Ak R
(94.10 %) fie i » H O IR IR ¥ R (M2) Jin T il 4% 1)
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K (88.66 %), H T vk (ML) i T 1l £ 1Y 108 98 45
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*5 REMIFRBHRLE SRS
BOREMELE
Table 5 In vitro calcium and protein digestibility of the fish

bone pastes under different processing methods %

B TR AT L & R TR

In vitro calcium In vitro protein

4k £

Treatments

digestibility digestibility
M1 63.75+1.84c¢ 78.0140.25¢
M2 70.1143.63b 88.66+0.25b
M3 74.5144.80a 94.10£0.30a

25 MIAXEBRIELEMRNOZME
AN TR T = 1 B Ak £ D8 1 ot SR AR (B

MM W2 6, M2 6 nl AL I T J7 2% Sk f

BRI A A B T (P <T0.05) 20, i X R

WA B TE(P=>0.05) 820, SR &R ZEE (M3)

n T A B R Ve ) S AP R I 2 TR FH R TR

VK (M) FI IR Y2 7R (M2) i T4 (P <<0.05) ,

*6 FAEMIAXMBKLESRENTELENBRN

Table 6 Peroxide value and acid value of the fish bone

pastes under different processing methods

LB it E AL {E / (mmol/kg) R/ (mg/g)
Treatments Peroxide value Acid value
M1 7.53+0.29b 2.60+0.04a
M2 6.71+0.43c 2.62+0.12a
M3 8.19+0.27a 2.61+0.12a
A
3 it

i F et i & = F R (90 mg/g) . AR RE
FI 10 g flonr fhe £ 98 RIAT 3k 2 o [ e B R 2 5 SR
RSHRHAR , NEXTEWh 8 &K B T 545
BB AT OGN L B %5 A T A R R i G R
JH e 2 A T A o 0 TR A B MR AR A R I
T LI KRR I Y RN T A A O T R
>R FH e it 2 A8 A £ B T B ORE A /N T L 3% TR
Ko 73—TJ7 T - il 28 20 T IR B3 B R e
SRR BB BB L A Bl T IORE Ak o A R A R R

ZT 2ff ) 28 25 4] , 2 R A LA I 4% 245 4 v 10 5 L DT
AR T8GR 5 0 A e o B fih . f0R v S DR R
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T T OB A U8 R ) TR R R AR T 75 %%
(£ D, Gly-Pro-Hyp /2 R [ R H A FRE
HE PG, P, — &R 0 LT )
e 30%, M & MR 29 5 1220, Bl A R 4
10965, itk Ak U8 X LR A LR & 1 Y
MTFRARRIEE A&, fAgRPREEA S
S FIVRRAF S0 8 EE IS 1% 32 2 5 P4 AT B 2 P Ok £
U v id 5 A5 3 43 0 R B 1L RIS T RSB Y LA
J SRR 1 B Y 3 IR 45 b A T R A0 AR
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120 CZEA M T B 2R (1 5 i gl e K
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0.05) fr T TR0 vk R IR V8 R Jin T H R R ]
Rt E R ZE A A HL S AL BRI B 25 4l
SULE TIORL Ak 2o A8 v B 3K, A R T g 2 W o it 5 o
k. TEREIRZEE LA T N8 DBk A Ak e R
B EE RO . AN R0 T 2 A 0 R U P R 0 T
W EME(P>0.05) 2 5, R F Al fg 5 @ R &
RO EA G A0 R S R DB IR S R sk
T 5 B9 2 AE A6 L nT DU IR R 31— 52 /Y b AV
— BNy SR AR IR N T 25 1 i U A S R T
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Effects of processing methods on nutrition of the micro-sized fish bone pastes

YIN Tao SHI Liu ZHANG Jin XIONG Shanbai YOU Juan HU Yang

College of Food Science and Technology . Huazhong Agricultural University/
National R & D Branch Center for Conventional Freshwater Fish Processing (Wuhan) ,
Wuhan 430070,China
Abstract Effects of processing methods including ice.freezing and heating at 120 °C on the nutrition
of fish bone pastes made from silver carp(Hypophthalmichthys molitriz) using wet milling were stud-
ied.Results showed that crude protein,fat,ash and calcium in the micro-sized fish bone paste was 35%,
20%,32% and 9%.Processing methods had no significant effect on contents of crude protein, ash and
calcium (P>>0.05).The first limiting amino acid in the micro-sized fish bone paste was Ile.Most of amino
acids between the micro-sized fish bone pastes added with ice and subjected to freezing were not signifi-
cantly different (P>>0.05).Percentage and index of essential amino acid for the fish bone paste subjected
to 120 °C heating were significant higher than those of other groups (P <C0.05).In vitro calcium and pro-
tein digestibility for the fish bone paste subjected to 120 °C heating were significant higher than those of
the samples added with ice or subjected to freezing (P <C0.05).1It is indicated that the micro-sized fish
bone paste subjected to 120 °C heating was more nutritious. However, crude fat content and peroxide val-
ue of the micro-sized fish bone paste subjected to 120 “C heating were higher than those of other pre-
treatments (P<C0.05).
Keywords silver carp; fish bone paste; fish bone; amino acid composition; minerals composition;
nutrition evaluation
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