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(1.College of Biological and Environmental Sciences, Zhejiang Wanli University , Ningbo 315100, China;
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Abstract : In order to realize the high value utilization of low-value fish, the deodorization and degreasing conditions of fish

protein powder were optimized by single factor and orthogonal experiments using the low - value fish as raw materials, and

quality of the prepared fish protein powder were also analyzed.The results showed that after degreased with 4% NaHCO, and

0.5% alkaline lipase at 30 C for 60 min,the fish were then deodorized by yeast(3% ,35 °C,1.5 h)and tea polyphenols(4% ,

40 °C,2.0 h) successively ,and the desired products was prepared by hot air drying at 90 “C.The fish protein powder protein was

66.13% ,the fat content was only 7.98% , and histamine ( 27.47 mg/kg) as well as contain the full range of amino acids. The

contenl of trimethylamine was as low as 52.13 mg-kg ™'

and the fishy substances decreased. The aboved resulls indicated the

prepared fish protein powder has good quality and was an excellent protein supplement.
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BT &L . FCIE R AT fig g 0B B0 SR
FERAEAT LY B9 WU, sl PR i i A A 24 5 B0
Wy R R AR A P A5 DAL A 7l A A R 1 i
MR U, OB R 2 S AN AT R, S AR TR

(IS R T TRt e e o o v o [ ol P 3 1 5 5l Pl [ 2 3
5 SR AR I A NaOH SGHEG AR 8 0 28 P B EA T
AR B W A R B8R 1 dr, B & A ik 85.19% L {H K
AT AE— 2 BRI BR , S EO™ & D", i
LI G 0 0k Ok, BEAT IR T 2SR SE, i A o S
S UIREMEE POk, 5 AR T 1% m s e, £E 40 C
TR 40 min i 0GR OBy R S e IR

5 T A W A A i 2 e R L R R IR R AT T e
55, AEAR IH B2 0 18, 7 i B AS i L SR EE K
A AN B AR B AT IE S Ak U5, 25 LR B S
e T2 & 800 - i 39.50 U/mL &2 &3l te
0.27% NaHCO,/1.0% NaCl, BRG] g 67.62 min, I
B IBERG 580k 40.32% ™' Kk B 55 R 25 22 1 7 W 0F

Wi ,40 °C FiEifd 70 min Jig, IR R G4 i 3 0
AR SC LA PE AR £ Sk ROk, £ X A R PR I
Wt 55, i T 5 S A 8 W 5 ) B4R 3T 8 10 A5 17 O I
JBEAE T 22, DA £ G i P e, A I AR IR, ER
b T R FH TR R O R AT AR Ty, A Il
1 S K= 0 T 7 4 T RE T e R v (AR R BRI
— e 1R .
1 #Rl5RF*®
1.1 MRIE5NEE

FTRAE SRt Wy 5 T B T A TR IR 2R
T s BT LA A il ik | e R M B AR L BT I | AR
Al IR | = SRR W IR 2 M | TE R EE , — HP Rl
AN PTAl i 2 A A R A PR Y D 5 B
PENE WG (3.0 x 10° Usg) LB T b4 BRAS &
IR SRR R (Type H 1Y) H AR CAEZY 17
M Bk Sl s 25 2 8- FRURIRS L3 e TR LRSS
T T,

GC-2014C S AHMOIE(Y H AR A R
Al ; Waters €2695 W SO AH (5L SE[F Waters 2%
Al KDN-12C PILERAE &AL HiVLHG 8 L a8 4 B4
H];L-8900 4= H ah & B2 sy i, H A< H 345+l
UGC—12C A me{  db st sk & R A R 2 A
S5804R i LWL 5 1H Eppendof; DNP-9272A /i,
PEREE IR L RS G I A A PR A Wl FE20
SCUGE pH AT HERR— TR 2 (R A BR2Y &) s PEN3
fEEEA & RS B Airsense 4V H] L
1.2 ZWAHE
1.2.1 MR E BB T2 M H s L sk
B fE PR, 3 R T BT S SR A R 0 e ke
W 1: 2,0 A 4% NaHCO, ,0.5% fHii: 5 7 il 114 5 &
BiAE ] ,30 CFHifE 60 min, Bl 5 AR LA 90 °C
A ARG B 30 s, FHE A L aE, Y T 1R
¥z ik ko A 3% FEEE,35 C R 1.5 h,70 C
I 1LS min KBRS, 20 AT L B S I A 4% B2k £
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i, 40 CFRENE 2 h, dnrb o 5 W 3 o, P eb A it
HEAfA R L Ah B SE BRI £ A i AR PN T 98 C R 2%
30 min, JHZP AR+, PR AR 2 S Ay,
190 C 5 &K Rk 10% 25, e e g i3
HEH -

1.2.2 BEARG 5B A AL 2 % A GB 5009.3
—2016 frfe k" A SR e SR A GB 5009.4
—2016" ; 75 [ & &0 5 5% 1 GB 5009.5-2016
P k" ML W & R 52 R FH GB 5009.6-2016
G 4k $ 9k. a AAk (& R & R A GB
5009.227-2016 {i% & A T A I 38 L IR AR A
M5 R A GB 5009.228-2016 - fi bk af &0k 1R
MG B 2 5% B GB 5009.229 -2016'"7" 5 2H fie 7 i
5K GB/T 5009.45-2003 43 L™ .

1.23 MR E SR T 2 A2 b sss A
2 0 T30 81D 26 520 AL -, )45 5 NaHCO, 1
W Mg T T s i 43531 2R 3% ~5% i 0.4% ~0.6%
RS g 30~50 °C |, £ I R P , £ P 8IS 52 4045
o CEEH] NaHCO, F68E RS 15 B 0 2 5 G #
AT A AT AR . 7E pHO H &% - NaOH 28 phifd , {F
FHEFE] 60 min (19 4544 F , LA NaHCO, ¥ | Bl 1k B s
6 AR 0 A FH R O TR 2 DA =52 Dl 4 b i
1T =R =K IEZ b 988 R FRE L,

F 1 EAZRE R E AR

Table 1 Factors and levels of orthogonal experiment
K%
HFE A NaHCO, B iR C B
B (% ) () (%)
1 3 30 0.4
2 4 40 0.5
3 5 50 0.6

LRG3 (% ) = (IB6RE A k0 A8 2 8 it — i Ag
J EUkek i B )/ B NE AT IRUREFa Y B iR 5 < 100
1.2.4  fE AR T 20T
1.2.4.1  PERENNE T Z B8 b 7E fpsl 38 5 56 5k
fith b, 3 JH R e S5 90 Bl 2% ~4% AF IR EE 30~
40 C AEMHMHE] 0.5~1.5 h 2 =R &K =K, L =]
Fie & B A 8 b B AT 35 22 Wy I T 28 0 0 sE itk s
g, AL 2,

22 IEAASR A FKT-R

Table 2 Factors and levels of orthogonal experiment

ES
KF A BERRE B 1E AT C AEHI ]
(%) (°C) (h)
1 2 30 0.5
2 3 35 1.0
3 4 40 1.5

1.2.4.2 ZEZERE T ZIEs0bsLss  7Edip
PRUEE S g Bkl L, e 1 25 Z W e JE Y TRl 2% ~6% AE
JHHREE 35~45 C fEHIE] 1.0~2.0 h 2y = A& =K
S R R 2 Ao P SR = R A R B R
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Table 4 Basic ingredients of raw fish( % )

FE i 4% 7k 4 A HIRE i
IRk 62.63 £0.02 0.91 £0.06 17.59 £0.02 15.35 £0.47
AR 1T e oA i A R B o i = TP g B R A i FAO PE4Mbr i ot S s &
(YR S 1o S E Tk v i e =7 £ 13 i 3 T Sl g £ e - oy _ PRSP RR A b
%o, EAK T ILE 3. RFII(CS) = g m e R e & i

#3  ERIAEHE R A&

Table 3 Factors and levels of orthogonal experiment

R
KE AZZEWE  BIERRE C fEF ]
(%) () (h)
1 2 35 1.0
2 4 40 1.5
3 6 45 2.0

1243 HAGHETZ S5 A2 a0
BEE T A8 F B B R 25 22 B 21 5 BE A R e, B Se

WEFEE IS 25 2 1y (4% ,40 °CL,2.0 h) B Bg, &
PGPS 4 P, W 5E BRI S fo R i — W e &

WL 335 (% ) = ( Uk JRE 717 Db £ 1ol = W e % B —
SISt R TR e iy = PP I 5 ) /M DR 1 IRl £ g = I
JHig & & < 100
125 =W e br = W & & e R B GB
5009.179-2016 Tii =5 A¢ A €6 j% 5™

FE S AT ARBE - R FRELRE & 5.0 ¢ T 50 mL B0
B A 20 mL5% — G 4 W, Y0 1 min, L
4000 r/min Z.00 5 min, B F75 T 50 mL 7500060, 76
IR 15 mL F1 10 mL5 % — 58 2. 10 i i i 52 42
WA, G HIERIFH % =R ORERERES
50 mL.f§ LML .

o3k &4 O 4E 30 m x 0.53 mm x 1.0 pwm, %
2.5 ml/min @250, BERE CHELEE 220 C |, THEVR:
¥ 40 C {345 3 min, 1 30 °C/min 3R 7 3 220 C,
{54 1 min, Fi0] 5 ELEE 220 C |, BB 35 mL/min &
AL, A AU 40 mL/min, 2540 400 mL/min,
1.2.6  FAELFZSr A B EUERNR AR AT AL 2 . 5 Sl HR
5 g f025 (1 AR AR T 25 mL A4, v B
1,110 CHERHM 22 h, Hai Rl EmaikERE
25 mlL JEACHT I8, 37 SWINEM, B 0.2 mL ik, AR
1,00 2 mL 0.02 mol/L. £k 1% % Wk 15, iR IEIR &)
Jei L HOE Sy ) 0.22 pom BEMGE, BPAS SRR L 75
BLAHT

Rl 280 - 4 2 AL (I 1 N7 % ) &85 T 28 e it
A5 .4.6 mm 1D60 mm 3 pm) , 50 E+E+E R 55 °C |, B
VRN, PEME o 0.30 mL-min ", 2 W AE (PN B4 I
W EPERE L, 4.6 mm ID40 mm) FEIR 130 °C, KW ik
B A E 0.30 mL-min ' #5570 F1440 nm,
HEFE R 20 L, BESL SR HT R A 50 ming,
1.2.7 A E IR0 O P Y S LR T
Iy AEVES o i LA R A

ZILWEVE 4T ( AAS) = FF 5h & 3R & ht/ WHO/

1.2.8 78 W05 g mEA R, ® T 10 mL
T b, s s B — B isp ], i A A 1 SR ) 3R 7
AN AR ity Py T 2 R DR I 1] 60 s, S A5 R YT I
WS s, MR AR IR 1) S s, I BE ) 120 s , JERE i Bt
300 mL- min ', %] WinMuster Z {3 a2 G55 113
~114 s AT F AP 007 (PCA) &
1.3 HUBGZIT o

IS EA L (E = FRifi 25 (x = 8D) o, T fy
GIEATIN G 3 . FH Excel {EE, SPSS #fF ik i 14t
HAM TP <005 RoR2ZF BE.P>005 Kok iE
2 HRE5HW
21 EReEXRES S

e 4 Fros  ARMEFURMA B 1 S B 17.59% L, 55
Fafifa (A& E 1596% )" i m (FEH&E
16.71% )" St N 1, RV OB 8 1 & W,
Sl B Ry 09 ROk WL T HE D S A Gk
15.35% , LA & BRI K 22 Sy 5 AR B W = A i) vk
IR B AN RN IE o R A B ) 45 R Ak e 2R
SRR, SRR B, S ER B IR SR Bk, A
i T £ 2 Uk, 0 ke e e A T A Ak
22 E/HBEIZELMALIRE

FH 5 4 6 nl I, & 45 I N 2 SR A0 4% 1R 32 52 )

#5 HARIET ZIEZ R

Table 5 Orthogonal test results of compound degreasing process

4G A B C JBEAEE (% )

1 1 1 1 38.41
2 1 2 2 41.03
3 1 3 3 39.16
4 2 1 2 48.56
5 2 2 3 45.52
6 2 3 1 43.37
7 3 | 3 42.25
8 3 2 1 41.26
9 3 3 2 44.08
K, 118.60 129.22 123.04
K, 137.45 127.81 133.67
K, 127.59 126.61 126.93
k, 39.53 43.07 41.01
k, 45.82 42.60 44.55
ky 42.53 42.20 4231
R 6.29 0.87 3.54

Eat/ 1153 A>C>B

e A A,B,C,
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Table 6 Variance analysis of orthogonal experiment

S {22 - Ji #ll F ¥y )i F i BEE
A 59.262 2 29.631 64.891 0.015°
B 1.138 2z 0.569 1.246 0.445
9 )
il (% C 19.284 2 9.642 21.115 0.045°
R 0913 2 0.457
TE: = FORTE P<0.05 2257 8% ;%8 & 10 [6.
#8 kg A
Table 8 Variance analysis of orthogonal experiment
[EE S {25177 0 B h ¥ F{H 2 EME
A 96.187 2 48.094 87.090 0.011°
=R B 23.448 2 11.724 21.230 0.045°
(mgekg™" C 6.766 2 3.383 6.126 0.140
1R 1.104 2 0.552

Foh A (NaHCO, ¥ EE) > C (W ndt) > B (i
JEY  Hirp, U2 A (NaHCO, ¥#eJ3) F1 C (g s &) %
fis fe1 ) IS S5 AT 2 e (P < 0.05) , B (i [a]) Ay 52
BAS (P >0.05) . ZE& L EArHr4h S, NaHCO,
PN 1 G NS B e A 2 &8 ALB G, B
NaHCO, ¥ & 4% , {E ik 30 °C, fiF s i 0.5% .,
TEMEZRAF T, JFURMA Y G 5235 48.74%
23 EEHEIZELRMAMAILRE

P 7 .38 8 nJ A, MR R ) 25 B 3E B R R /)
K ACEERERIE) > BOEHIREE) > COAEJHI ) ) |
Horp R 2E A (IBEEE M EE ) 1 B (1 R IRLES ) A fif £ —
HH Bl & kA 2 s (P < 0.05) , C O HEF ] ) /19
SEMAS ik 25 (P >0.05) . H4E K B/, BERE AR

7 EEREE T 2 IEAS IR
Table 7 Orthogonal test results of

deodorization process with yeast

e A B g —oawnE
(mg-kg™")

1 1 1 ! 73.51

2 1 2 2 69.23

3 1 3 3 70.47

4 2 1 2 67.18

5 2 2 3 62.04

6 2 3 I 65.83

7 3 1 3 72.52

8 3 2 1 70.69

9 3 3 2 74.54
K, 213.21 213.21 210.03

K, 195.05 201.93 210.95

K, 217.75 210.84 205.03

k, 71.07 71.07 70.01

k, 65.02 67.31 70.32

ks 72.58 70.28 68.34

R 7.56 3.76 1.98

EWIF A>B>C
Tk A,B,C,

136 2020 £07H |

P& A, B, Gy RDEE B BE 3% , fFEHIREE 35 °C,
YEFBTTE] 1.5 he fERGSRAFT, el fin = H i & f T
[ % 62.20 mg-kg™'
24 ZFEWHBERIZEZMKMLIRE

FH 29 3 10 v A1, A% 2 5 R 5OR 1 2% R 3R
W /A A (As 2 e BE ) > B IR EE) > C(FE HIng
[6]) JCep R 3R A (2 ) A E BOEHRE)
A figs £ — F e & A i PR (P < 0.05) ,C(1EH]
IfR]) sz AN B 25 (P > 0.05) . ZiG L Eardral
A, Rt W R E 25 1 9 AL B,C,, BI 2% 2 ) ¥k B2
4% NEFEEE 40 °C fEFBTE 2 he R T, 7]
R = P R (109.42 mg - kg FEAE E
68.52 mg-kg™'.

29 FREMMME T YL S #
Table 9 Orthogonal test results of
deodorization process with tea polyphenol
iy : = N
S B A B g o

1 1 1 1 77.03
2 1 2 2 73.26
3 1 3 3 74.41
4 2 1 2 71.60
5 2 2 3 68.33
6 2 3 1 70.12
7 3 1 3 74.37
8 3 2 1 72.84
9 3 3 2 73.05
K, 224.70 223.00 219.99

K 210.05 214.43 217.91

K, 220.26 217.58 217.11

k, 74.90 74.33 73.33

k, 70.02 71.48 72.64

k, 73.42 72.53 72.37

R 4.88 2.85 0.96

E WG A>B>C
eSS A, B, G,
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Table 10 Variance analysis of orthogonal experiment

EES (i 22 F- 5 #l F ¥y )i F i BEE
A 37.620 2 18.810 184.091 0.005°
=it B 12.527 2 6.264 61.300 0.016°
(mg-kg™") C 1.437 2 0.737 7.210 0.122
R 0.204 2 0.102
F 1 mErTk s bR
Table 11 Physical and chemical index of fish protein powder
BB A 7k ML A HEN L iy POV R AR R #iim
MR (%) (%) (%) (%) (mg/g) (mmol/kg)  (mg/100 g) ( mg/kg)
5 4 4 PR 441
Eif;;_égl_!ﬂ}fﬁl 9.71 £0.01 16.21 £0.57 4955 +.0.01 14.59 £0.66 204 £0.98 352013 88.15 £1.21 41.28 £1.28
g B )
%ﬁ!g I:,i: :J;Hj 9.33 £0.37 10.37 £0.48 66.13 £0.22 7.98 £0.15 1.23 +0.25 1.06 +£0.62 61.72 +0.28 2747 £0.98
Y —1 T

25 HEBREIZAE
PR T AT, B R B B AN, sk b =
FP 02 0 b PR AIS ( P < 0.05) , {HL 4= B = Yk 5, A 45
i B v S, DRt e i = P D S B G I AR fk
(P>0.05) =G HEEsBE . AP = mE
ALk 52.13 mg-kg ', HERB3RILF] 52.36% , B i
60

a

L
o0
T

T h(mgekg ")
Ln
(=21

b
54+ .
& € c
13
= 52}
B
50
48
2 4

3
it i v

Bl BERE-ZS 24 & o B 4 HRUR
Fig.1 Deodorizing effect of combination
of yeast and tea polyphenols
BUAGNEFRRERA REEER (p <0.05) .

26 BEEBmBRSH

2.6.1 fafErily - fkdsts SR 11 iR, &
B AR T2 RS Hl s el e R S R
HE I, 2 By T AR A PR A 1 8 1 R (49.55% )
HNgW; & & M POV {l 4 S 1% 3k 5 52 L M 26
3 B R AR, W] 220 4 P S i 2% 9 £ 85 1
B3 BTOCCHE T . 20 AN Sk s dE T iy — 28k
Yy an gt , N AR BE R 22 W Sk (MK i A5 AN RLAE
ARTE ARV A = i) ot 8 WS ) T B bk, A6
£ B By B0 ZH G0 5 o0 7 i i Al B P BT T R
S e A TR ) £ 2 U FL 2R G A kAR R A
7ol AELRIE A st ok ™ AR — 9 Ry 1) 2L G B e R
(ZHAN=300 mg/kg) , £ 4 5 il & 1 6 8 OB 2H
i IOFRAIG, (XN 27.47 me/kg, 3CA] fEJE th T 9
AR R FH VR M 4 i 2 % o5 R i i B b, SR o 2 nds
2457 R 0 % e LI e W] 4 BES f 2K LR TS
PR LR AIG, &2 PR . BRI A B B A ER )

LA A1 ik 3] 10y T I B — G faOR AR o L K 40
=10% K4 =16% , L E I =65% , LGN =
11% , 1B <3 mg/g LML FLFE <110 mg/100 g,
£ AN <300 mg/kg, HARE A s H K EE AR
[FE b il A 1 =50% ) .

2,62 fhEAR IR T R 12 A, &R
il 5 %) £ 2R 1R 2 e R S Bk 59.202 /100 g, W i
T 2 A R R R e ok A R N B
39.773 g/100 g, = E AR B AE K g 2 % e SRR L 1 A
Pz W2 AR A B S B AR . Kb
P S A A BRI 2 —, Al 1S A A s Sy R o
AR E AR TR B ThEE™ L FRAh, Ak
I 2H I 0T R L 1 | T e e I R e i S
MR IEER | T A FU A5 1 £ 8 R AR A
2H I A bR B, Dk A e A e U A A b hn, e
R SR T AN A AT s A 2 RS A R A R iR
Al R TR C g k. B A4 B S S Y iR
FBy b 32 1 LR 0 50 24.086 g/100 g, o & L1 5
EriY 40.68% , {3 WHO/FAO i £ 1 B A8 #5275 1A
Sy E PR ERE KRR S S KR 2 e A 40% £ A
WA R TR A R R B A S A Y
102 U AR AT RO B EE R e ), AT
A3 R FE AR BT e R T

2.6.3 MR rTEREIRIEMY R 13 0T, P il
AR U 9 2 BE R VF 4y AL E T by i TR e 4
B R R TR s = i Rl LT R SR e R sl = B S i
FIA) o 5 G R i o 0 Y 4 T A G L I R L R R
E—FEFE M AR S E AR, i AAS 1 CS 4F, 4
S i 5109 0 8 by e 2R PE S TE AL, R R 1
Ao vy b — PR ) Ak 1 Oy e R, 1 P 4T i 2
S, Fe i E e h e & e AT w5 Ak
R o U iy AL AR ) Y — IR ) e 3Rk L 2, ZE A
EARRERR L IR UL, 4 PR S ) 0 8
nf LS e A i nE AL, A B R T A
FEME -

2.6.4 RS PrAE B R AR S A
H, T & PCA 43T B0 22 4 B ) 48 (9 A 2 Pk L LS
il Y R U 0 SR B A AR, Y 2 TR R
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Table 13 Amino acid score and chemical score of fish protein powder
B LS FAO/WHO SRR AL AL P 09 8 AbER S i £ 0 f B LR
' B PRIUERL WO EAERRIT AAS b2 €S BEIEMITA AAS {k2Fi¥sy CS
S e 4.00 5.40 0.44 0.33 0.68 0.51
FEERE Leu 7.00 8.60 0.52 0.42 0.70 0.57
i 2R Lys 5.50 7.00 0.57 0.45 0.99 0.78
AN E I + HE AR Phe + Met 6.00 9.30 0.76 0.50 0.75 0.49
B G Thr 4.00 4.70 0.58 0.49 0.89 0.76
Hi R Val 5.00 6.60 0.38 0.29 0.58 0.44
12 TR RIS (/100 ¢) .
Table 12 Amino acid analysis of fish( g/100 g) :oc{ _82 ACLE AL PRI 1) A B 0k
i e : D10
protein powder before and after treatment eé _:‘5 @
JOT— KLU I b BRI i 4 g2
o 1 fa 1 = 34
B IE ! % —4:
AC AR Amp 3759 6142 2543 G A A R
T Arg 1.233 3.312 "E' ;2
ST 2 : N e
EW%SLM I;w o 20e! 80 =012 12 16 1§ 20 22 22 26 28 30
A A Clu 5317 9.425 1.main aois(Vartance:96.31%)
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