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1.1 EIHBR5IEE

SRR TR, WAL K IL T AN IR
ERIRFE 7= i 32 Fl, 4 BERR R AR SR P KK S 5
FEM EEFE B WE 2, NaOH. AgNO;. K,CrO,. G
KRR . K3SO5. HaBOs. HCI, EERR . CHLO 55
Yoo R, WA E 2R A BR A F

pH808 %! pH i1 (#¥) SMART SENSOR {{FE/A
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FEENFEA Z B (b ) A PR F]) ; K9840 U BILIG E A
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Tab.1 Sensory evaluation criteriafor shrimp paste product
P4y (LRE i S
Score Color Texture Smell
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@, AL Fiis WARES
4 Wk, o6 B, R — mARMIR, #g

FE—M W, Bubgyy A K

3 R, WS ORBRARER2E, MBUE mAORUIR,
HOE Wz ARSIk

2 ROk RBEEZ, 2EE OLER, B%

/iR HH o

1 fmBeE, 8 AFH, 2200 AR

ot
122 w5 F 05k Z: M2 55 (2022) 1 J7

%, WAEB ., B 0.5 g HERE T 20 mL T as i,
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T B R B WinMuster 8 7E3E47 40T o
123 AAME#ER-F T T AEN(GC-IMS)M E 7 ik

S H Yt —SF(2020) 7 ik, IRFEIBE . WERAR
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20 min Ji5 , it [ 2h s A, A GC-IMS #EA 7R
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1.2.6 #4Ea®  LEES 2K, RUAMNE 3
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Jg 2.84, 7ESAEIKF] 37.64%, A T AR A (5
TR 2R A 25 S ARG/ 0N TN [] i LR 6 7= it 1 <
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T 60%, Wl fE 5 AR TR 45 Rk A A G
(Handayani et al, 2021), 32 FiliF# K43 &t <
35%, FFAFRIEZSR . 50T MR RE 5 R 2 & i
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B BE S FEUM R T 55— RAER R, FRARL st
R A A AT S BRI SR O SR B A (T

S — L NP Y R (LU er al, 2020).
22 BUIERITER

NG RESR AR A . KAy . iRy . RIS R E
P2 G 0 455 R DL 2% 2 K A3 o I 4 78 S R RN
IR LA 5 RBUR K, 53] 33.91%, #
A 4 35 TR 2 R0 V1 S R % T ) B E AR A . SCIT
3602-2016¢ M3 ) HFRLE , R A 7K 4 1% I < 60%,
IR S N < 35%, Ayl <25%, A

45 2017; Cai et al, 2017; Li et al, 2022), 28 PFE S,
B /AT A 2R, AEHHE R 12.5%, 31 M IF
WHMWEERESA S ®AOWMESR, Kb
783N M EF A MM AR EA ST KT
1.0 g/100 g, /D% iR¥E L = mT LIk 3] 2.0 /100 g LA I,
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Tab.2 Results of sensory score and biochemical index of shrimp paste products gathered from Chinese market

o / % +1/ SEH A
i e FORMREH @i g ok 0 JOE o dr  BERER KR
G’ Origin Shrimp soecies  Color Texture  Smell Moisture  Ash  Salinity Amino acid Protein
Number g PP 1% % 1%  nitrogen(g/l00g) /(g/100 g)
1 %4 T E E I 28 43 2.0 7174 13.82 12.66 0.90 13.70
Shandong Acetes chinensis
2 4 ERIESESYIN 30 40 2.3 60.80 21.20 19.10 112 16.63
Shandong A. chinensis
3 7R [ iFaaliiN 43 48 38 62.07 26.05 23.85 0.34 9.47
Shandong Grasshopper shrimp
4 X JBRZEUF Neomysis ~ 33 3.8 23 60.20  19.78 2241 1.23 13.08
Tianjin awatschensis
5 Rt JRER I 43 40 35 61.29 2571 20.18 1.23 12.86
Tianjin N. awatschensis
6 %k YA 23 30 38 51.80 3283 2144 1.81 20.23
Guangdong  Silver shrimp
7 IR WFER AR 18 18 18 42.44 2731 3264 2.36 25.16
Guangdong  Silver shrimp
8 1ZR ERIESESYAN 45 40 35 59.51 23.09 2131 1.26 14.82
Shandong A. chinensis
9 1ZR [IFratiiN 45 28 2.8 55.86 1555 12.08 2.25 3241
Shandong Grasshopper shrimp
10 ik Hebei  #F#2 Shrimp silk 38 23 2.8 55.39 27.60 25.57 1.25 12.50
11 ik Hebel  #F#2 Shrimp silk 40 3.0 35 57.87 2582 32.36 1.28 11.62
12 ik Hebei  #iFZ Shrimpsilk 3.8 4.3 35 5050 2602 23.18 1.43 13.58
13 4 T EE I 28 35 0.3 62.79 2052 1843 1.73 14.62

Shandong

A. chinensis
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A R T O A e S
s Origin Shrimp species  Color Texture  Smell Moisture  Ash  Salinity _ Amino acid Protein
Number 1% 1% 1% nitrogen/(g/100 g) /(g/100 g)
14 W ERIESESYAN 38 33 33 69.43 1427 1250 1.66 14.39
Shandong  A. chinensis
15 4 BB I 30 33 33 70.99 1645 14.74 0.87 9.13
Shandong Exopalaemon
carinicauda
16 b ¥R Neomysis 35 38 35 54.64 2545 22.36 133 14.13
Hebei awatschensis
17 4R AR UE 23 25 28 50.15 2536 21.58 211 20.48
Guangdong  Silver shrimp
18 IR AR E 23 23 18 53.41 2159 16.75 2.03 20.72
Guangdong  Silver shrimp
19 W ERIESESYN 30 35 13 59.13 17.03 14.65 1.01 13.15
Shandong  A. chinensis
20 W ERIESESYAN 25 35 35 62.14 2586 19.75 0.86 11.70
Shandong  A. chinensis
21 4 ERIES BTN 40 38 23 69.03 1514 1346 1.15 13.62
Shandong  A. chinensis
22 IR i [ B AR 35 35 20 68.47 1443 1350 1.23 13.22
Shandong  A. chinensis
23 7R [Fmai 25 25 4.0 68.06 2526 2295 115 10.62
Shandong Grasshopper shrimp
24 T SRSk 40 38 13 65.22 1952 15.80 0.95 10.76
Tianjin Prawns heads
25 I E IR 35 30 45 52.73 2273 1749 151 14.81
Liaoning Grasshopper shrimp
26 T BB HIF 35 20 45 55.11 2257 2384 157 1343
Liaoning E. carinicauda
27 T ERIESESYNN 35 30 40 57.12 2589 26.75 132 11.65
Liaoning A. chinensis
28 T IR 35 30 4.0 59.18 26.22 2031 141 14.10
Liaoning Grasshopper shrimp
29 T R HF 25 25 35 58.05 2353 18.17 1.02 9.56
Liaoning N.awatschensis
30 LI RLR IR 30 30 1.0 71.46 16.12 16.77 0.81 9.20
Jiangsu N.awatschensis
31 LI IR 30 35 3.0 71.05 16.27 15.76 0.97 11.19
Jiangsu Grasshopper shrimp
32 LI [ B R 20 20 20 67.10 1858 25.37 1.04 10.94
Jiangsu A. chinensis
HARIE  Maxima value 45 4.8 45 71.74 276 26.75 2.36 25.16
/ME Minimum value 1.8 1.8 03 42.44 13.82 12.08 0.34 9.13
H{E Average vaue 323 321 2.84 60.46 2155 1943 132 14.05
P22 Standard deviation 075 074 107 7.36 451 435 0.45 4.08
A Variant value 23.06% 22.99% 37.64% 12.17% 20.91% 22.36% 33.91% 29.07%

KMO {4 0.623, ELFIRFEkEG 41 Sig<0.05, il
FEAGE T F U5 0, BB m e —aE R E FA
Xt 2 BT KMO Kig il R R RS 56 T (AL, 2020), % 3 8 4 A HRHE (|

23 EMATHER
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Tab.3 Eigenvalue, contribution rate and index weight of
principal components

e Rty 2o
RS REIEE ﬁ%mfﬁki Accumul ated
Contribution rate .
Component  Total of variance/% variance
°  contribution rate/%
I 3.27 40.89 40.89
Il 2.09 26.14 67.04
m 1.22 15.29 82.32
v 0.68 8.52 90.84
\Y 0.40 5.00 95.84
VI 0.16 2.04 97.88
VI 0.10 1.25 99.13
Vil 0.07 0.87 100.00

7 25 DT DL S Bt 2 vTkoR , RS R R (E
KF LRYJEN, $EEE] 34~ F A4 (PC1. PC2, PC3),
H B 2 ik RiA 7] 82.32%, Uil 3 P E

AT DA AN T 5 MRS T P A DA L

0 1 28K Al A A B L S B 1) 28 e (E L 2 4
Fis, FEARA BT XHE IR, R e FR R 3 5
FITTRRAR K o 276 M 2 STl AT el &2
A 1 BT 22 5Tk E N 40.89%, KA. BAEEMRAEA .
B, e E RS 1 R EEER, Pk
RIS R RAT L NHE TR, & FS 1 FEE 5T
BkiE bR, EMAr 2 B 2 5THCR N 26.14%, K4,
. ARFEENSY 2 PR EEER, HPRWmmE
e HE IR, 2 WA 2 1 EE STk s bn. M
3T 22 DTk A 15.29%, Horb (o PRl 4 far (K
HR A AN A5 F AR AN ] 2 553 P B 2R fr 2 (B, 7K 4%
IR S BRI S 225 B R B S

Fo 4% 32 A3 A5 43 5 0 3 45 A B4 Bs 22 ) Y 2
PEXRARK, UUKLER 0545 W10 Z [k 2tk
XKFEA, W

F1=—0.501ZX1+0.377ZX ;+0.321ZX 5+0.425Z X .+
0.376ZX5-0.196ZX ¢—0.354ZX+0.131ZXg;

R4 ERSHBEEEREREERNFERDE

Tab.4 Load matrix of principal components and characteristic vector of itsindicators

PC1 PC2 PC3

fihn Hfi A i it EE 1] Hfi HEE 1]

Index Loading Characteristic Loading Characteristic Loading Characteristic
coefficient vector coefficient vector coefficient vector
JK43 Moisture -0.906 -0.501 -0.086 —-0.059 -0.233 -0.211
K4y Ash 0.683 0.377 0.651 0.450 -0.036 -0.032
43 Salinity 0.581 0.321 0.653 0.451 -0.300 -0.271
’ﬁ%@;?};ﬁj . 0.769 0.425 -0.504 —0.349 0.293 0.265

Amino acid nitrogen

AR Protein 0.681 0.376 -0.565 -0.391 0.383 0.347
@3 Color —0.355 -0.196 0.363 0.251 0.758 0.686
Jiiih Texture -0.641 -0.354 0.252 0.174 0.452 0.408
S Smell 0.236 0.131 0.683 0.472 0.255 0.231

F,=—0.0597X1+0.450ZX ,+0.4517X 5—0.349Z X 4—
0.39172X5+0.251ZXs+0.174ZX 1+0.472Z X g;

F3=-0.2117X,—0.032ZX-0.271ZX 53+0.265Z X 4+
0.347ZX5+0.686ZXs+0.408Z2X,+0.231ZXg;

F 4+=0.497F;+0.318F,+0.185F; .

AR AT U R R L TR B S
o] o A e el b SRR T B
24 BTFESWER

AR R HRE 5 T GBI R 2 — o it — 28
IRGEANNR] ity o B A ORI 22 5, Pl S R
AT TRE D, AR ILIE 10 fERR GRS 4.03 4k
e 32 FITE RO 426, 5 LR SN 1, 4, 3,

2. 15, 24, 21, 22. 23)I1") W3S f& Jg2i5 e I B 8
W3S L s xt bl KW BigUsk , X Wi F 2k H
TR AR IR bt A B BRI R (IR AR SR, 2020),

2R 525 (2016) 7E 1 G B M 11 IR vt A ) 58] /0 s e A
Yt H EZ R KRR 5 2 B(HE M 45 5.
14, 6, 26, 7. 18. 17. 16)fy W2S f& s i 7 {45
e, DO ) o v A i R ) S A R, LA
VR Ay SRR A MRS T oA T AR M B 3 2R (RESL
'3 8. 12, 10, 27, 9, 28, 25, 29)f) W1S f£/&4%
e (L A v, A0 1 R SR B2 rp o 5 4 28 (FF
mhdS o 11, 19, 31, 32, 13, 30. 20)fy W2W f&
JER I 1 (B A T, T WS, W3S & e i 1
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{&RES 45 Sensor number
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Fig.1 Cluster heat map of shrimp paste by electronic nose

WIC 1885 X 55 A W) B R ;. W3C & /s xih 5 7 1L 43 R ;- WBC A Jedhe X e e 05 8 i 4 R A5
W6S L IR SRR WIW G IRE R Rk R 8 W2awW AL 28 0 A HLBL L) R ;. WSS 4 I AL A ) R A

WS B IR B R W2S BIRA AT L BER ;W3S RIS X be ke R .

W1C sensor is sensitive to aromatic substances; W3C sensor is sensitive to aromatic component;

W5C sensor is sensitive to aromatic component of alkanes; W6S sensor is sensitive to hydrogen;
WI1W sensor is sensitive to sulfide; W2W sensor is sensitive to organic sulfide;
W5S sensor is sensitive to nitrogen oxides; W1S sensor is sensitive to methane;

W2S sensor is sensitive to ethanol; W3S sensor is sensitive to alkane.

EHAR, DL IR O JRURE AR ™ A4 R 35 ) A AR 22 SR 31t
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FEr JEUREA [a] 2 i 10k A 22 5 i) 2R 2 —

25 GC-IMSH#H&RE

Rt — AN R R )RR 22 5, BT
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B~ B ) 0 s RS At — 25 43 A, 25 SR LI 2 A
3 P L 3 e Y 63 P R W I, A FE IS 18
BESS 8 Fh . FRIS 8 A, MEMEZE 7 Fh . E2E 6 FP . RIS
SFp. ek s, nkmg 3Fh, Hirr, RIS
W, X5ZAINZIR e —8, mRitsE%
(2019)fF 58 & IR, B I 2 MR v 3 2 9 5 1
43, Li %5 (2023) e AF 5 T AU 76 M1 R 56 it 75 1R 2B )
ghEIR

T AR 5 A P R v P & 1 ) T S A

J5 . FESSRIERZE, i 2-GR AR ke FH R . O . B-H A
3-Pif, H RIS B Y B £, n 3-H R -2- T
A-FBE-2- I g | 3-H -1, X 5 HL - S a4 R
—3 AR A 2B A, TR LR .
IR CL MR o I TR P b S W AR R A &
R, W 2,35 HEME FPRTRIAR. X
SO o V) TR SR B i 1 25 S 02 1 A () DR R
e KR 22 S 1 A

3 it

32 FhTTEEER S R G A BUE S 22 550N, i
Ak, AT, 7 7 RS K S SR
S AR ERR i, o5 IR AR SR Y 20%, X AT fE
F 5 R AR A ¢ NaCl T it 73 40>200%01) 5
IR O EERARTHZEIK, R R
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> Y 3-WR F B2-M 3-Furanmethanol-M

o S 3k FH f%-D 3-Furanmethanol-D
T EWE Thiazole

- ~ 2-JRFELIR 2-Pentyl furan

2-T 483 Z ¥ 2-Butoxyethanol
1-3%4%-307 1-Octen-3-one
3-HFEAEE 3-Methylthiopropanal
2-3Fffi 2-Octanone
PR T K Butylpropanoate
. 3-FHL-2-T B 3-Methyl-2-butanol

w 4-HFH-2-% A 4-Methyl-2-pentanol
T . 3-HF-1- % EE 3-Methyl-1-pentanol
t ¥ 2-C % Hexanol
T 2-H T 2-Meteylbutananl

2-BFfE 2-Hetanol
Y 7R Benzeneacetaldehyde
= 2-Z 30K 2-Ethylfuran
o e 2-FIRE-1-[RE¥ 2-Methyl-1-pentanol
: r‘. DB f%-M Hexanoicacid-M
w 2Rk F BY 2-Furanmethanethiol

~ 5-Fi 3£3-Bei 5-Methyl-3-heptanone
= [XH-M Pentanal-M
- » JXEE-D Pentanal-D

P " . 2-5%H 2-Pentanone
2-BEffil-M 2-heptanone-M
.: 2-PEfii-D 2-heptanone-D

v (=] =7 Dimethyltrisulfide

i . #HE-D Benzaldehyde-D
AR Propanoicacid

Il
.
-

i
’
L

w

A & Z%-M Styrene-M
- W e e FEZJE-D Styrene-D
3 I R OBERE)-M Furfural-M
-l=1- 15K e I B (H3¢%)-D Furfural-D
- 1,4-—%753F 1-4-Dioxane
o Jdo Ao 2-FAF TR s Methyl2-methylbutanoate
- el - FAHIEE Terpineol
-l 2- B -3 T 2k B2 2-Methoxy-3-1-methylpropyl-pyrazine
PR Heptanal
- 2-Z. B LML 2-Acetyl-1H-pyrrole
> © 2,3-T % 2-3-Butanediol
- T PR Z.E§-M Ethylbutyrate-M
O C TR ZEE-D Ethylbutyrate-D
&> C T Butanal
- TR C. B Propionicacidhexyl
slwle JI5i-3-F-J%-1-F& Z-3-nonen-1-ol
P AR Guaiacol
D 2-FI 3£ 3- FUG 2R 2-Methyl-3-methylthiofuran
- H 2Lk 82 -M Methylpyrazine-M
F JL 0l B2-D Methylpyrazine-D
I Z. 3N B:-M Ethypyrazine-M
Z.FNEB-D Ethypyrazine-D
= C R R-2- e ER-M E-2-pentenal-M
A -2-3 R -D E-2-pentenal-D
2-3% 2-Octanol
TIRIHERRBE Alylsulfide
3-FH 3£-3 T #%-1-F% Methyl-3-but-3-en-1-ol
ZFRZ. T Acetic acid-hexyl ester
2,3,5-=F 3Lk B 2-3-5-Trimethylpyrazine-M
=HIZLnEEE Trimethylpyrazine-D
5B Isovalericacid
A v 3 HIBE TR Z.HE-M Ethyl3-methylbutyrate-M
3-Fi 3£ T R Z.H5-D Ethyl3-methylbutyrate-D
1F CL % n-Hexanol

HEAN  IEHREIF

Grasshopper E. Carinicauda  Silver

shrimp

shrimp

E 2 AN[EJFERHFE R Galery Plot Fli%
Fig.2 Gallery Plot map of shrimp paste with different ingredients
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Quality Analysis and Evaluation of Shrimp pastein China

TIAN Long', ZHAO Ling®”, SUN Huihui?, HU Mengyue?, ZHAO Yugiao', CAO Rong?”

(1. College of Food Sciences and Technology, Jiangsu Ocean University, Lianyungang 222005, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract Shrimp paste, a traditional aquatic fermented product, is more prevaent in Southeast Asia
and the coastal areas of China. The traditiona shrimp paste production process is straightforward. Usually,
small economic shrimp species, such as grasshopper and sesame shrimp, are used as raw materials.
Microorganisms and a series of endogenous enzymes are relied upon to create a condiment with a distinct
flavor and aroma via natural fermentation. The quality of shrimp paste is influenced by various factors,
including the type of raw shrimp used, the freshness of raw materials, fermentation duration, fermentation
temperature, salt addition, and storage time. There are severa brands of shrimp paste in the market, but
their quality varies significantly. There are no studies on the quality evaluation system for commercialy
available shrimp paste. In this study, a comprehensive evaluation of shrimp paste samples was conducted
to investigate the quality differences among commercialy available shrimp pastes. 32 brands of shrimp
paste were collected from six provinces, namely Shandong, Guangdong, Hebei, Tianjin, Liaoning, and
Jiangsu. The color and histomorphology of these samples were assessed via sensory evaluation, whereas
their physicochemical indicators, such as moisture, salt, protein, and amino acid nitrogen, were
determined. Principal component analysis was utilized to create a comprehensive ranking of 32
commercially available shrimp pastes. The results showed that the odor score of commercially available
shrimp paste had the highest coefficient of variation value at 37.64%, indicating that the odor of different
brands of shrimp paste varied significantly. The SC/T 3602-2016 "Shrimp paste" standard states that the
moisture content of shrimp paste should be < 60%, ash content should be < 35%, salt content should
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be < 25%, protein content should be = 10.0 g/100 g, and amino acid nitrogen content should be =
0.6 g/100 g. The minimum variation value for the moisture content of shrimp paste products was 12.17%,
but the overall moisture content was high, with seven samples exceeding the standard limit by a
significant margin. In the shrimp paste production process, with the extension of the fermentation time,
the moisture content gradually reduced, and the water activity decreased. The high moisture content of
individual samples could be related to the production process that shortens the fermentation cycle of
shrimp paste. A total of 32 samples had ash content < 35%, in accordance with the standard
requirements of "shrimp paste". Fifty percent of commercially available shrimp paste samples had salt
content values greater than 20%, indicating that most commercially available shrimp pastes were high in
salt concentrations. Since a diet high in salt may lead to a series of health problems, such as increased
blood pressure, reducing the salt content of traditional shrimp paste is more in line with modern consumer
values. The protein content of 28 samples met the requirements, and the amino acid nitrogen content of 31
samples met the requirements. The maximum variation value of amino acid nitrogen content was 33.91%,
indicating a large difference in amino acid nitrogen content between samples. The amino acid nitrogen
content of 78.13% of the shrimp paste samples was greater than 1.0 g/100 g, and a few shrimp paste
samples even exceeded 2.0 g/100 g, which was significantly higher than the amino acid nitrogen content
of fish sauce and comparable to that of commercially available oyster sauce. Through principa
component analysis, three principal components representing eight quality indicators of 32 commercialy
available shrimp pastes were extracted based on the principle of principal component eigenvalues greater
than 1, and the cumulative variance contribution reached 82.32%, indicating that the majority of the
information regarding shrimp paste quality indicators could be covered. Through further analysis, it was
determined that moisture, amino acid nitrogen, and odor were important indicators affecting the overall
quality of shrimp paste, and a comprehensive evaluation model was established as follows: Fgnthesize=
0.497F; + 0.318F, + 0.185F3 in order to investigate the differences in the odor composition of different
shrimp pastes in greater detail. The samples were subjected to an e-nose analysis, and an e-nose clustering
heat map was developed; the results showed that 32 shrimp sauces were clustered into four categories at a
Euclidean distance of 4.03, with the main digtinction lying in the W1S, W2S, and W3S sensors, and
clustering occurred between the sea silver shrimp sauce and grasshopper shrimp sauce. Gas-ion mobility
spectrometry (GC-IMS) analysis of shrimp paste derived from three raw materials (i.e., sea silver shrimp,
grasshopper shrimp, and white shrimp) showed the presence of 63 volatile components, mainly different
alcohols. The high content of alcohol contained in the flavor substances is consistent with the findings of
several previous studies. The results indicated that the quality of commercially available shrimp paste
differed significantly, with odor, moisture, and amino acid nitrogen being the most influential factors
affecting quality. The results of the study provide a benchmark for the quality assessment and production
process enhancement of shrimp paste.

Key words Shrimp paste; Physical and chemical index; Quality; Principal component analysis,
Electronic nose; GC-IMS



