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Abstract: This study used Macrobrachium rosenbergii shrimp sourced from salt-alkaline water (BS group) in Cangzhou,
Hebei Province, as raw materials. After steamed, freeze-dried, and pulverized, shrimp powder-enriched Senbei (a type of
Japanese rice cracker) was prepared. Senbei containing freshwater-cultured Macrobrachium rosenbergii (FS group) and

those without shrimp powder (BC group) were served as the control samples. The basic nutritional components, texture
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characteristics, color parameters, Fourier-transform infrared (FTIR) spectra, water distribution, heavy metal content, sensory
characteristics, and volatile flavor compounds of the three groups were systematically determined. The results showed that
the protein content of the BS group (20.12%) was significantly higher than that of the FS group (17.62%) and the BC group
(8.47%) (P<0.05). The addition of shrimp powder significantly lowered the L" value of Senbei, increased the a”, b'and AE
values, at the same time, this treatment made color deeper. Hardness, crispness, and chewiness were significantly enhanced
compared to those of the BC group. Low-field nuclear magnetic resonance (LF-NMR) indicated that bound water was the
primary water form in the samples,while the incorporation of shrimp powder led to decreased water mobility. FTIR anal-
ysis showed that the proportion of a-helix and f-folded structure increased in the BS group, which indicated that the addi-
tion of shrimp powder contributed to the formation of a more stable internal structure. ICP-MS analysis confirmed that the
levels of Pb, Cd, Hg, As, Sn, and Cr in all three groups met national food safety standards. The BS group received the
highest sensory scores, with better color compared to the BC group. The aroma and taste scores were significantly higher
than those of the FS and BC groups, showing the best overall acceptability. In terms of flavor characteristics, based on HS-
GC-IMS technology, 40 volatile compounds were identified, and the OPLS-DA model revealed differences in the volatile
components among the different sample groups. Thirteen key differential markers were screened by VIP analysis. This
study provides a theoretical basis for the high-value utilization of salt-alkaline water aquatic products and the development
of flavor-functional foods.

Key words: Macrobrachium rosenbergii cultured in saline-alkali water; Senbei; quality characteristics; flavor characteris-
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Table 1 Criteria for sensory evaluation of Senbei
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Table 2 Basic nutritional components of different Senbei

RER K E R (@100g) BAEEH(100g) JENIEHE(e/100 @)

BC 3.99+0.81* 8.47+0.11° 1.38+0.45°
FS 4.4740.36" 17.6240.05° 2.71£0.81°
BS 4.7740.53" 20.1240.21° 2.66+0.75"
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5(P<0.05), Hih, BS 440 DUREREE | ifERE . T
TR, A3 HisE] T 42.20 N, 23.94 N, 11.10 mJ, ¥4
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Table 3 Hardness, brittleness, and chewiness
of different Senbei

R THEE(N) MaBE(N) NELIERH: (m)
BC 34.61+2.99° 18.70+1.85° 6.96+0.76°
FS 41.51£2.79° 22.73+1.50° 9.30+0.60°
BS 42.2042.38° 23.94+2.09° 11.10£1.21°
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Fig2 L', d’,b" and AE of surface and internal powders of different Senbei
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Fig.3 FTIR spectroscopy (A) and secondary structure content
distribution (B) of different Senbei
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Fig.4 Low-field nuclear magnetic resonance spectra
of different Senbei
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Table 4 Content of heavy metal elements in different Senbei

KoCE BC(mgkg) FS(mgkg) BS(mgkg) HEFRFRME(mgke)
Pb ND 0.068+0.020 0.054+0.004 0.500
Cd ND 0.012+0.012 0.011+0.001 2.000
Hg ND 0.003+0.001 0.002+0.001 0.500
As ND 0.418+0.003 0.353+0.007 0.500
Sn ND 0.023+0.002 0.010+0.004 50.000
Cr ND 0.316+£0.005 0.133£0.005 2.000
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Table 5 Sensory evaluation results of different Senbei
FEM Ak Jiehzs 1k AUS FNIE RS LAV
BS 16.50+1.04" 17.7241.13° 17.56x1.34" 18.22+1.26° 15.94+1.11° 85.94+2.41°
FS 12.83+2.01° 16.33+1.46° 17.78+0.94° 15.78+1.59° 15.94+1.35° 78.67+2.57°
BC 11.11£1.75° 16.6120.70° 16.28+1.02° 12.50+1.20° 15.06+1.26° 71.56+3.01°
S —e—BC IR PRI OB, EREE S . At BS ZHAEAPE
20 —u— FS - . "
' —a—BS 71 S AP ZHAT 5 W 2= 5 (P<0.05), (PRI AL,
SRR VARG, BB G | AR 238
PSR R = A, SO TS AR AR RPT, 1
AMITE 25

S

K5 ARDUEE TN FIAE
Fig.5 Radar chart of sensory evaluation of different Senbei
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Table 6 Volatile organic compounds in different Senbei
M e SR 44 casr T HHER a0 JBk Sk
s) BC FS BS
1 2-Phenylethanol 2 RHE T C60128 834.15 378.50 100.15 95.84 BORALT, #it A
2 (2)-3-Octen-1-ol (2)-3-FH-1-0 20125842 613.084 642.42 137.32 131.81 LS
e 3 2-Ethyl-1-hexanol 2-H-1-CU C104767 573.547 393.93 112.28 70.61 TR
(6) 4 1-Heptanol 1-Bf (629334 420.695 1928.95 200.88 95.00 G NGV N
5 2-Butanol 2- T C78922 201.046 833.81 210.05 58.04 NIES
6 2-Pentanol 2- T 6032297 159.636 219.38 43.64 18.82 TR
7 (E)-2-Nonenal (E)-2-T/fis (18829566 836.845 321293 1195.73 889.83 BN, JIENT. HHIR
8 2-Octenal(E) (E)-2-F it (2548870 1001.633 969.89 468.62 225.18 RS
9 Safranal FECAE I C116267 1000.434 174790  1111.99  1057.35 FHR, R
R (8) 10 1-Ethyl-2-formylpyrrole 1-Z3&-2-MEISHEE 2167148 633.31 624.16 235.17 164.94  FERETY . HLEsMERR
11 (E)-2-Pentenal (E)-2-J M 6032297 201.046 101479  833.46 93.96 TFOERIR
12 2-Methylbutanal 2-FRE T 96173 182.223 565.06 310.38 143.48 AAR, FEAET
13 3-Methylbutanal 3-MEETE 590863 159.636 1320.96 693.29 420.73 ArAfT, AR
14 Isobutanal TS C78842 113.728 567.15 468.02 465.71 R
15 Hexanoic acid CiR C142621 553.874 1479.43 693.34 235.15 T R AR
16 Nexanoic acid TR C4312996 492.609 122.90 1137.87 123.69 1]
$ERJE 17 3-Methyl valeric acid 3-HIE AR C109217 403248  209.745  566.83 136.69 gk
(6) 18  2-Methylbutanoic acid 2-MIET R C108645 306.701 168.58 1045.11 509.42 FRETIR
19 Butanoic acid TR C107926 229.304 104239 387231  3457.64 SRR
20 Propanoic acid W C79094 181.805 46.12 663.93 357.18 Ji§ Bk




136 5 Tk BB 2026 4 8 H
HRe
o - o BREEE Wk (au.) i
Mk 5 POCA R SRR CASS R TiEuS
(s) BC FS BS
21 Methyl octanoate FIRH g Cl11115 838.193 164.24 588.03 353.48 i
22 Butyl hexanoate CR TR 626824 803.827 90.17 284.58 407.55 KRk
23 Pentyl butanoate THRILHE C540181 620.085 92.88 348.83 396.99 HHE
24 Tsopentyl Isovalerate S IR S 659701 618.918 64.44 335.61 307.29 TR
25 Butyl butyrate TR T 930687 396.132 90.67 185.11 264.59 AR A
EES 26 Formic acid hexyl ester TR CL MR C590012 349.011 372.89 132420  2449.97 GRS
(10) 27 Butyl propanoate R T MR (541582 336.207 125.86 117776 1814.68 TR
28 Butanoic acid 3- THS TR 589388 237.67 161.54 67257  847.00 fliEs
methylethyl ester
Butanoic acid 1- " v
29 methylethyl ester T2 5l C108101 208.157 82.19 382.59 560.60 AR
Methyl 2- Py -
30 methylpropanoate 2-F LN IR B g C547637 178.877 89.90 129.02 256.33 HETY
31 1-Octen-3-one 1-2¢J5-3- 22122367 511.768 64.31 211.89 529.11 BRIk
3-Methyl-2(5H)- 3-FIHE-2(5H) -k g ;
32 :urzmlfe ) e C105431 408.14 115.46 67225  2006.58 biyis
LES 33 2-Cyclohexen-1-one 2- I~ 1 C111706 399.245 323.24 327.56 618.46 (VNS
(7) 34 3-Hexanone 3-CLfR 638119 297.671 77.22 107.40 506.84 HHIR
35  Methyl isobutyl ketone L T 5L C1576870 220.706 33.81 68.16 245.78 -
36  4-Methyl-2-pentanone  4-H1E-2- % C108101 178.459 55.57 288.54 1029.92 RE
37  3-Hydroxy-2-butanone  3-¥22&-2-TT C513860 162.452 161.99 386.00 1770.86 RS
; 38 2-Acetylfuran 2- LB REE C1192627 723.64 173.94 221.46 863.91  fEME. RIRHLEE AR
kIR (2) )
39 5-Methyl-2-acetylfuran 5-F15:-2-ZBEEIERE  C1193799 557.809 92.66 246.00 397.10 Wi R
WEMEZE(1) 40 2,4-Dimethylthiazole — 2,4-—HIZEWEMS C116530 308.928 154.77 514.47 1276.71 e SR
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Fig.6  Fingerprint of volatile organic compounds in different Senbei
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Fig.7 OPLS-DA of volatile organic compounds
in different Senbei
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Fig.8 Permutation test of OPLS-DA of volatile organic
compounds in different Senbei
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Fig.9 VIP of volatile organic compounds in different Senbei
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