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Preparation and Quality Analysis
of Mackerel Protein Powder
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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

content of trimethylamine was as low as 52.13 mg-kg ™' and the fishy substances decreased.The aboved results indicated the

prepared fish protein powder has good quality and was an excellent protein supplement.
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RHTE M. HIFEE T RE 2 B TR A [ 5 XA
P4 R A AL 0 W AT, e DR i Ak FIROAS 24 S Bk
Y B H I AR AR FH A TR IRL e 7 A7 A R v 1 iR
R R, JRURA 22 A N AR RIS TR , B A A S R
FEAE SRR, T 72 SN B AR A7, SR i 4 . |
2T A R PR A T R g A b ] g
T S5 B A 1 R NaOH. o {6 R i £ 25 11 R 64 7
IR, A AR R kY, B S Ak 85.1% , fHUK
R RATAE— 5 W R, 8O DB L B
S5 IR sty £ 0k JRORE, EA T AR T 2RI, il 45 v o
HEUIRETEE UK, 85 R 1% MTs P, 76 40 °C
TFHEME 40 min, LA M E A E A S ES IS H
KA 5y T AR W A ) 9 5 S SR 1, o U R B A T Uik
55, AEAR IH B2 mi 1%, 7 Sl db RS 0 P R T R
FEAO R B AR 2E AT I S Ak 56, 4% SR 2% W A
W T A S 80h . B & 39.50 U/mL | & & Eh Al kb
0.27% NaHCO,/1.0% NaCl, g0} [a] A 67.62 min, it
ARG 33k 40.32% ) 437K S 45 SR HH 2% 22 13 1 Rt
H A UEAT AR AL B, 25 IR R A A E 0.3% ZX 2 W i
% ,40 °C T 70 min J5, 2R 5 B35 k.
WECAS SC LAV PR AR £ o JRORE, &1 X I3 B8R (R R
W EE IS 7 S SEC A T DR 5 ) R T B R 1 I A
TGRS T 25, LA 45 JC fa Ik | Big 5 40 A0 A2 B AIG, 28 1
B hD AT R A TR S A S Y, S IRE
01 KK =N TR 8 B9 TR 3 I 2 K v A AR R FH B3
— R S
1 MREH®
1.1 Rl 5EE

HrEf AR SR W [T I T BN T IR VR R Bk
T 3 BR R SUEN A Tk | e SR PR R B R BT R LS4
s WNER =& L B8 B IR e L 1E e . — F i R iR
el i [ 24 4 AR AR A R F 5 B
PERE (3.0 x10° U/g) LRy T ik BRA 7 5
RE BRI MEE W (Type H 1) H AR GAL 24 T
MRSk ZE 2 W B— MRS 10 M R Ak
T i,

GC-2014C AHEIEAL  H A B HAER A B A
] ; Waters €2695 RIS O A (A5 & E Waters 24
F]; KDN-12C YL E R W Ve 25 A R4
] 3 L—-8900 4 H sh & LR /M H AR H 3723w 5
UGC-12C WA b5t R A BB A R
5804R W= B .OHL fE[E Eppendof; DNP-9272A i,
PR IRAE MR R S0 A A5 A BR 2N ] 5 FE20
Y pH T MERREE— R AR A BR 2 ] PEN3

BN TR RS FE8E Airsense 2N F] o
1.2 SKWHIE
1.21 MmEEBEARAEFTT Y Bareiahmksk

B AR NI, B IS UE T R SR I, o 0 PR g Rl
WL 1:2, I A 4% NaHCO, ,0.5% B AE W5 i it 52 4
JEAEF],30 °C R BiHE 60 min, B A A 90 °C
ARSI EE 30 s, LA At vk, v i . BE
¥ iR INA 3% +:,35 C TR 1.5 h,70 C
SR 1.5 min KigEE G, 2 A i85 A 4% B3 £

134 20205 507 H

TEHM

% ,40 C R 2 h, itk EEWIE 3 Wk, LMt
AN . ARPESE EE RO A A B N T 98 °C R g
7 30 min, HZ G+, B EEARN Z T A,
F 90 CFHHEZE /KA 10% 247, LM a5
HITK .

1.2.2 FAWST T K4 E & 2 % GB 5009.3
—2016 PR s KAy & B 5 SR FH GB 5009.4
—2016"" ;11 & & 4 52 5% FH GB 5009.5-2016 1
FsE s R 7 & 1 52 2R GB 5009.6-2016
LG 42 B i 4 Mkl & RPN E SR LGB
5009.227-2016 i s B EA TG I 5 #5 % Pk AR L A&
BEIAE R GB 5009.228 2016 - fif ik i Uik 5 2
Hr 2 B SR F GB 5009.229 20167 5 4 iz 2+ )
R GB/T 5009.45-2003 466k

1.23 fEHME SR L2 IEA LS FET
S AT A B DR 3 S s AL, w1 2E 6 E NaHCO, 11
B Mg Uy Wi 0 i 43 551 28 3% ~5% F1 0.4% ~0.6% ,
U5 5 90 B A 30~50 °C, FE LT P, fi P BB e 24 4
Fio W NaHCO, At Mg W5 iV b 52 5 Bt g Wk
X HHEATBNG . 7 pHO H % HR - NaOH 2% nh i , 1
JHEFE] 60 min FYZ51F T, LA NaHCO, ¥ B2, #1415 5
i it 4 ok R A O 2 Sk TR 22, DAJBE NG 28 2 48 s 2
T =RE =K IERR AR5 K E LR 1,

x1 RN ZEKF R

Table 1  Factors and levels of orthogonal experiment
ES
KF A NaHCO, B i E C I
i (%) ©) (%)
1 3 30 0.4
2 4 40 0.5
3 5 50 0.6

iR 3 (% ) = (NG T JFURl £ ) 5 Jg = - G
JE IEOBHa 095 e i) / B N i U 04 5 i 1 < 100
1.2.4  A08E OB IR T2 0F5T
1.2.4.1 PEEIUIR T2 IE i fEH R R S0 Ak
fith I, 356 FH W B vk B Y Rl 2% ~4% A FH iR )E 30 ~
40 °C VEAEFE 0.5~1.5 h g =K 2 =/KF, L=
Wiz &5 Ry 8 AR R AT A% 22 M IR T2 9 IR 22 P Ak B2
5y, R AR 2,

F2 EABFEFKTER

Table 2  Factors and levels of orthogonal experiment

K
KA A EEREHE B VE IR C YEFIRTa]
(%) () (h)
1 2 30 0.5
2 3 35 1.0
3 4 40 1.5

1242 ZRZWBE T 2ZEZPi s e aiil] g
PRI S Bt I, 16 2% 2 By e SV ] 2% ~6% (A
FHELEE 35~45 °C AEFHIAE] 1.0~2.0 h 25 =2 =K
o o IR T2 A AR P SRl AR R ) A T
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Table 4 Basic ingredients of raw fish( % )
FES A TR 7K MK 4 HEN LRI
JERL 62.63 £0.02 0.91 £0.06 17.59 £0.02 1535 £0.47

B FH T 5 A it AT R B R 1 — R e S 1 A g, ik FAO P45 R iR zC 5 1R &
LA = gz R Fe bR R AT 25 22 B IR 125 09 IE A8 Ak 5 ME2EPEA4(CS) = B I E IR &
g, P2 KT L2 3, X R R R R T

®3IEZIKE N FKFR

Table 3 Factors and levels of orthogonal experiment

EN
KV AZZmE BRI C YR Ia]
(%) (c) (h)
1 2 35 1.0
2 4 40 15
3 6 45 2.0

1.243 HEWIRTZ 45E8EE: X2 RAEN
N T 25250 W B B NS 2 15 28 & DEAT LR , B S
FERE(3% ,35 °C,1.5 h) iR, 4570 CIm# 1.5 min 2K
WS A 2 W (4% ,40 °C,2.0 h) Mg, 457
PEFR 4 ¥R, IR B R R 5 1 TR ) = B e &

TR (% ) = (U R A IRk = e & &2 -
JBENR S EURBk 1 = TP i S &) /It B W JRURL £ i =
W& < 100
125 =W R4 =W & 2 & K H GB
5009.179-2016 THZs <A ik

FE T HTAL B : EFRIURE & 5.0 g F 50 mL .0
Brp LA 20 mL5% =& L RE W, R 1 min, L
4000 r/min B.0> 5 min, B E1EW T 50 mL K&, %%
BRI YR 15 mL F1 10 mL5% =40 2 W v ik 55 5 4%
WK, &I I 5% =S MERERD
50 mL, % FHLE .,

(A% 2 3% 4 30 m x 0.53 mm x 1.0 pm, 2%
<, 2.5 mL/min B A A, AL LR 220 °C |, FHEFE
FF 40 °CA%£3% 3 min, 4 30 °C/min 3 ZF+ = 220 C,
345 1 min , K0P 332 220 °C, IR 35 mL/min %
R, AR A 40 mL/min, 55 & 400 mL/min,
1.2.6  AHFEERIHT DR IEERFE S AT AL B 4 S EL
5 g AR I A ER TR T 25 mL KB, A Wt
M,110 CIEREIEM 22 h, M R G maikKERmE
25 mL, JE4C U, FF R WIUEM , B 0.2 mL 38, AR
Z1,in 2 mL 0.02 mol/L £ & ¥ W 7 i, R TR 5J
J& , BUE BT 0.22 wm BENE, BIAE S50 , 78 -
HLArHT o

K S50 0 B A (N IE H 32 % 3 T 38 e i/t
i ,4.6 mm ID60 mm 3 pm) ,5rBSAEAENR 55 °C , BEEE
Ve, Ve P 0.30 mL - min ', 52 AE (PN R4 K
MR R, 4.6 mm ID40 mm) #3130 °C |, [ 3
B =755 0.30 mL-min ", K4 570 Fi1440 nm,
PR 20 pL, BESSAT R A 50 min,

1.27 MAEAR SRV AE AR ERIT
5y AEEVEST S 38 LR A3

SHELRVE 53 (AAS) = B 5 & FE 1R & &/ WHO/

128 TS H0.5 g kK, BT 10 mL
[ 2 0 rh , 0 o 8% d— BE A ], 38 Al T B R I 2R
RS, B it ARG DN 2 K 5 R N ] 60 s, 22 457 81 =45 s
(] 5 s, BEHREMMBTE 5 s, P HEATE] 120 s, JERE
300 mL- min~', %A WinMuster 34X fa 52 548 113
~114 s BURIEAT F 43T (PCA) )
1.3 HESITHH

IR EI LU = FRifE2E (x = SD) KR, Ir 4
SZYTATINAE 3 o Excel V5 [&], SPSS #4347 48
AT, P <005 FR 2503, P >005 FoR R
P
2 ZHRESW
21 ERaERES ST

e 4 PR RAR R 2R P 17.59% 75
Fol fa (K E SR 15.96% ) 6t (A e R
16.71% ) ™ 5 A 25 14, 22 W OBt 26 (& bR,
SR A A R PR 0 R GF SR YR T NS T S R S Ok
15.35% , H T & N Wi Rk 2 R 5 BAC T T = A= ikt
AR B SRR T TR A S A i 45 10 5 EUORS T AR
SRR, TR [, T E S IR SR AR . DRI, S A
il SRR M, T ) SR A AT I A Ak
22 EABEIZEXRMRLIRE

He 5.2 6 T, 5 4 J IR 2 S0 1 4% DR 22 52 g

#5 HEAMIETZIERZKRR

Table 5 Orthogonal test results of compound degreasing process

R = A B C JIEZ (%)
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 4337
7 3 1 3 4225
8 3 2 1 4126
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
k, 4253 4220 4231
R 6.29 0.87 3.54

TG A>C>B

K- A,B, G,
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Table 6  Variance analysis of orthogonal experiment
EES P 2EF 75 1 F H oy F 1 B FEE
A 59.262 2 29.631 64.891 0.015"
TG (% ) B 1.138 2 0.569 1.246 0.445
" ’ C 19.284 2 9.642 21.115 0.045 "
TRE 0913 2 0.457
LE: o FoRTE P <0.05 2257 35 3% 8 .3 10 [A],
#8 W=t
Table 8 Variance analysis of orthogonal experiment
EES D 2F-J7 Al FI B 5 F1H A
A 96.187 2 48.094 87.090 0.011°
B e B 23.448 2 11.724 21.230 0.045
(mg-kg™" C 6.766 2 3.383 6.126 0.140
TR 1.104 2 0.552

K/ A(NaHCO; #eJ5) > C(Bg 7 inkr) > B (i
B Hp IR A (NaHCO, ¥ B2 ) A C (BiEES A ) X
fify fi1 R JBNE F A B 25 PESZ I (P < 0.05) , B (If[A]) B9 52
WA (P >0.05) , 54 LA E4FHTras 2R, NaHCO, Fi
BRI 5 1 52 5 R ) e A T 22 451 AL B G, L, B
NaHCO, ¥ ¥ 4% , /e HIEEE 30 C, BN in&E 0.5% .
TEMCAAET  JERHa BN 455k 48.74%
23 BESREIZEIRLIRE
FHER 7 8 I, IR VR A0 2% DR 3R 52 1 /)N
e A(BEREREE) > B (/EJHIRE) > COEBED) ,
Horpr U ACBEREMREE) F1 B (A RS ) X fify £6 —
e & A g R W (P < 0.05) , C (AR ] 1Y
FEMAAN 25 (P >0.05) o ARG KAB K/, B e AR
FT OERLERE TR
Table 7 Orthogonal test results of

deodorization process with yeast

RV e A B ¢ T
(mg-kg™")

1 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 1 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

k; 72.58 70.28 68.34

R 7.56 3.76 1.98

FE W A>B>C
ALK A,B,C,

136 20204 520758

NEZRAT R A,B,C,, RIREEEHR BE 3% , VEFREE 35 °C,
YEFARTTE] 1.5 ho FEMCAAET, R = FF i & & A]
M % 62.20 mg-kg™'
24 FEMEEIZEZMRNLIRNE
FHER 9 (3 10 ]I, 58 22 M JIi I SR i) 45 DRI 3R 5%

M I/ N A Z W EE) > BREE) > C(/EHIY
[E]) , PR ACE2mH ) AIRE B(EHRE)
X gt = i & B W (P <0.05) ,C(EM
] ) B9S2 I AN 2 2% (P > 0.05) o £ UL B4l
F A2 B AR R4 A,B,C,, BIVAS & My e B
4% NEFIREE 40 °C AEJHRNTME 2 he FEMAPFT AT
HJEURE £ = R 5 d (10942 mg - kg™ ) FEAIR
68.52 mg-kg ™',

RO KEZMBET ZIECRE R

Table 9  Orthogonal test results of

deodorization process with tea polyphenol

RRE A B S
(mg-kg™)

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 7437

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

ks 73.42 72.53 7237

R 4.88 2.85 0.96

F T A>B>C
iﬂai’ﬁﬁﬂ(qz Az Bz C3
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Table 10 Variance analysis of orthogonal experiment
EES P 2EF 75 1 F H oy F 1 B FEE
A 37.620 2 18.810 184.091 0.005 "
= RS B 12.527 2 6.264 61.300 0.016"
(mg-kg™) C 1.437 2 0.737 7.210 0.122
TR 0.204 2 0.102
® 11 E B ETER
Table 11  Physical and chemical index of fish protein powder
BEEL A B K R 53 HIE HLAR [z dily POV FER PRI 21 i
R (%) (%) (%) (% ) (mg/g) ('mmol/kg) (mg/100 g) (mg/kg)
ﬂ&g}:ﬁ%;i;iﬁ%% 9.71 £0.01 16.21 £0.57  49.55 +.0.01 14.59 +0.66 2.04 £0.98 3.52 £0.13 88.15 £1.21 41.28 £1.28
ﬁ%ggﬁm 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 27.47 +0.98
il i

25 HERREIZRAE

P L 1 AT 0, B2 T8 M v 5 A 3 DR £ =
FP e 5 B W B B (P < 0.05)  {H AR 3 = YR , P-4
TR v B, JEURE o rh i = R o R OG B AR Ak
(P >0.05) , =UZH A BB AL BRS , £0 P v = Y e
AN 52.13 mg-kg ™', BLBR R K F] 52.36% , U] i (%
ARG JEUR IR R .

a

b
I 'C |
2 3 4
iV e:s
BT Rk 2K Z W25 Ak PSR

Fig.1 Deodorizing effect of combination

of yeast and tea polyphenols
AR NG FRFRO R A B EE2ZES (p <0.05),

26 BaEAMEESW

2.6.1 MBI -REALIEPR K 11 FRoR, 221
R B TSRS MaEOnED SR E
&N, 678 v TR A B A ) M TR 8 (49.55% )
HRgWi & & (MRAHY POV (H ¥ & P 3k FE 2 DL S 40 e
P At R B AIG, R B & b 38 5 il & i L R A
b BT R T LN S BB M R R — 25 4
YR oL, NAR G B R A2 ISR X i AN RLGE
R AP K i S TSR A T B A, A
1085 U P R & X = S AT B A R
SC L ARz Ab PR £ 0 f0 B R AL 5 B AT B
v AR R R I oy T AR — St A A B R R v
(40P <300 mg/kg) , &AL IS5 6l £5 19 0 85 Iy ¢
JH B B RORRRAR , A 27.47 mg/ kg, 3X 7T BEJE: H 1%
R 1) JFH L A ) 5T O T OO IR P4y o A v, R 43 2H
25 T BRI Sl Y 2 WAk B S 10 2R RS
WSCAR BEREARG , 22 PR wr o RIS A 38 S i) £ 28 1

LA A3 1 35 T A0 T [ BR P — g0 B v - K )
<10% , Ml JK5r <16% , HlEE H =65% , HLAE T <
11% R <3 mg/g, ¥R MHEILFL A <110 mg/100 g,
ZH 1 <300 mg/kg, HidE (& G tL ik B G B
EbRprvE CHHE I =50% ) o

2,62 fEABMEIEMR P B 12 v, A5
B Bt oy S BE R B R ik 59.202 ¢/100 g, B i
ET ARG H FENAaEARARREEN
39.773 g/100 g, EEARIAE R H R 4 2R TN
iR KGR AR SS A LR 2 i, A
Fig S NS5 S FE iR 2 — , AT MG 5 ARG s 77, fE i
BIAEE AR PR 2R . sk, KN
SR A R 27 R B TR , RN 2 IR Fn 4 4 1 2 fef
R SR T A BRI ) A 1 fa 2R RS R R TN AR
HER B NI, KRR E RS2, R
R ARG T 25 AN AN AT 5 IS5 £ 25 B8 350 45 R S IR, 3R
I E MR TR A R, S5 AN AL S A 1 R
EA B A R L R S 24.086 /100 g, 5 & JLR A
HY 40.68% , Al 4lE WHO/FAO #fi 77 1y 2 AR 455 20N
R, EASROT AR S B A LN 2 L AE 40% ZEAT
BN N R TR R L R Ak B S A1
R A E E RS, e — R R S E R FE ), BT
AN FEAAR T B R 5

2.6.3 MEEBEIRIFMN R 13 A, S
B E A A& BRI 4 AL E IR T TR g 4k
BRI #5004 38 Y, 3% BH A0 B A5 0 40 3R Ry P
ML FE AL R A 200 A MR R 75 2L 55X,
M EFRMEE S R, M AAS F1CS FH, 4
U 85 04 8] R P 8 A R R AR, B R
i B — BIR o) 2= 3 R b 4 R, i T4 B i 2
g, ZFHAEAR PR S EMETEE. B4
KRS R R 11 56— IS o] e 36 1 s it = 1 , [
B . T UL, Ak B S A i 8 Uk
WL AR AR B RN, A B TR AR
FEME

2,64 HTFEISNTAEAMIELEEWES FIH
HL 75 PCA 37 oK & 4b PR 45 i) f2 78 (B WAL B S
il B TR R P9 AR A AR fh L 2 2 AN TR 2
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13 A M EEERRIT /A= 53 (2100 g)
Table 13 Amino acid score and chemical score of fish protein powder
LR FAO/WHO LAY TE ARZ AL H ] 55 1 U FOB Jb J ) £ 0 A8 R
Wy R g . SN
B PRUERI R EUERITAY AAS (RIS €S EUERRITSY AAS fLAEIFSY CS
B R e 4.00 5.40 0.44 0.33 0.68 0.51
FLER Leu 7.00 8.60 0.52 0.42 0.70 0.57
AW Lys 5.50 7.00 0.57 0.45 0.99 0.78
KNEE + F% 2 Phe + Met 6.00 9.30 0.76 0.50 0.75 0.49
IE R Thr 4.00 4.70 0.58 0.49 0.89 0.76
255 1% Val 5.00 6.60 0.38 0.29 0.58 0.44
F 12 AbPRGIR 2 O EIERSHT (/100 g) = 03]
Table 12 Amino acid analysis of fish(g/100 g) 503 _8(5) R AL % 1) £0 8 R
' : T 1.0
protein powder before and after treatment qé _%g @
\ LR 3 5 ViSih=R £ 551
Y s -2.5
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