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Abstract: The study investigated the effect of the addition amount of silver carp processing by-products on the edible
quality of flavored crispy chips, thereby determining the optimal addition amount. Silver carp processing by-products (fish
scales, fish skin, and fish mid-bones) were used as raw materials. After deodorization treatment, they were used to partially
replace tapioca starch at proportions of 20%, 40%, 60%, and 80% (based on the mixed powder of by-products and tapioca
starch) to develop a new type of flavored crispy chips with silver carp processing by-products. The optimal addition amount
of each by-product was determined through the analysis of sensory evaluation, color, nutritional composition, textural prop-

erties, microstructure, and volatile substances. With the increase in the addition amount, the color of the crisps showed a
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deepening trend. The contents of crude protein (fish scale group: 10.86%~48.84%, fish skin group: 18.43%~60.41%, fish
mid-bone group: 10.45%~26.29%) and ash (fish scale group: 4.98%~17.48%, fish skin group: 0.47%~6.34%, fish mid-bone
group: 6.36%~20.58%) increased gradually. Meanwhile, the pores in the microstructure gradually increased in number and
size. At the same addition level, the hardness of the crispy crisps in the fish skin group was significantly higher than that in
the fish scale group and the fish mid-bone group (P<0.05). Key volatile substances with a relative odor activity value
(ROAV)=1, such as 2-acetyl-3-methylpyrazine and ethyl salicylate, were identified by chromatography-ion mobility spec-
trometry (GC-IMS). This was largely attributed to the addition of silver carp processing by-products. These by-products
endowed the crispy crisps with pleasant flavors such as roasted aroma and fruitiness, and made a prominent contribution to
the construction of the overall flavor system in crispy crisps. Through comprehensive evaluation, the optimal addition
amounts of fish scale powder, fish skin powder, and fish mid-bone powder were determined to be 20%, 60%, and 40%,
respectively. As a nutrient-rich leisure food with a sweet, fragrant, and crispy taste, this crispy chip can not only meet the
diverse needs of consumers, but also provide a theoretical basis and practical reference for the high-value utilization of fish
processing by-products. Furthermore, it can help the aquatic products industry achieve the dual goals of improving quality
and efficiency, as well as realizing sustainable development.
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TEA B ZH b, 20% B hna e A Ao et i 2
FHABEIN A, 1T 80% AN fE H it nH 4 A
JE R T HALH (P<0.05) . BB E A S S &
PR IR A S BN, LA P T A S et B
e SR S NI, M A RS, ARk £
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Table 2 Texture properties of flavored crispy crisps with different addition amounts of silver carp processing by-products

205 Wi (%) W (g) Jitk(g) fiil3 FELIEE ()
20 3933.34+378.92¢ 2410.59+242.79 0.30+0.01° 138.38+32.82¢
a1 40 4629.56+31.98" ND 0.76+0.02° 1413.45+248.09°
60 4356.59+180.55" ND 0.79+0.03® 2308.90+30.26"
80 5305.13+441.55" ND 0.82+0.04* 2934.95+215.49°
20 5185.58+22.80¢ 3217.05+247.92¢ 0.67+0.03" 1092.26+84.41°
g 40 6569.77+304.66° 3873.55+18.01° 0.67+0.01° 1355.05+182.38°
60 7565.13+£330.42° 4515.55+351.07° 0.70+0.04° 2885.47+11.17°
80 11065.25+561.27° 7655.97+49.35° 0.76+0.01* 5790.39+550.57°
20 2743.42452.42¢ 2071.98+195.14° 0.61+0.02° 680.81+22.63°
40 2897.67+74.40° 2724.74+7 45" 0.66+0.01* 1180.15+126.76"
B
60 3404.14+£225.92° 3001.17+433.23° 0.46+0.05" 1192.83+55.74°
80 4214.76+11.27 4244 57+212.94° 0.50+0.03° 2100.42+369.15

T “ND” R KA RIS RN PR oR AN [l i) £ in T @1 7= e A7 7 i 322 57 (P<0.05)
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Fig.6 GC-IMS Gallery plots of flavored crispy chips with

80% different addition amounts of silver carp processing by-products
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Fig.5 Scanning electron microscope images of flavored crispy
chips with different addition amounts of silver carp processing
by-products (100x)
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Table 3 ROAYV of flavored crispy chips with different addition amounts of silver carp processing by-products

fa 2 i 2
R RS
20%  40%  60%  80% 20%  40%  60%  80% 20%  40%  60%  80%
(E)-2-nonenal (B)-2- T/ 0.3452  0.7965 0.9070 0.8775 1.1285 1.3467 1.3202 1.4263 12071 12328 1.0863 1.2656
(E)-p-damascenone (B)-B- KI5 0.2942 0.5950 0.7880 0.9947 1.0532 1.2235 1.3365 1.6246 0.6963 0.5987 0.7475 0.8786

a-Terpinolene a-FATIN 0.2261 0.3036 0.2665 0.2190 0.1635 0.2261 0.2729 0.2461 0.2193 0.2392 0.2342 0.2743

B-Phenethyl alcohol BT 0.1050 02230 0.2578 0.1812 0.0800 0.0953 0.1503 0.1137 0.1066 0.1142 0.1320 0.1770
1-(2-furanmethy)-1H-  1-(2- -1H-
(2-furanmethyl) (2R ) 0.0735 0.1584 02335 02688 0.0504 00732 0.0902 00749 0071 0.0579 0.0769 0.0964
pyrrole iR
1,3 5-trichlorobenzene  1,3,5- =4 5.0400 34660 32756 37277 44704 39708 3.4454 3.6158 40170 42746 43371 3.6229
2,4-decadienal 24-%HEE 00359 0.0447 0.0536 0.0396 0.0458 0.0873 03208 02901 0.0780 0.0556 0.0514 0.0437

2,4-heptadienal 2,4-BE g 0.4633 0.6480 0.5984 0.5000 0.6139 0.5682 0.6559 0.6548 0.6009 0.6614 0.6632 0.7202

2,6-dimethylphenol 2,6- HUHA ) 99.5971 77.4084 76.8522 86.5583 100.000096.3941 77.1854 90.7297 91.5294 97.2888 99.1978 86.1920
-acetyl-3- 2-Z B HE-3-

2acetyl3. Bl 3- B 13.3945 7.8301 10.3407 12.9786 12.6814 9.0311 7.8926 8.9576 9.7198 12.4579 11.6452 9.3646
methylpyrazine S

2-furancarboxaldehyde,

5-methyl- S-FAEE-2-WRME R 0.5683 0.2308 0.1715 0.1548

3-FEE

5-4.F-4-F5FE-2-HI K-
3(2H) Mk IR

0.1014 0.0837 0.0875 0.0562 0.2130 0.0680 0.0650 0.0476

3-methylphenol 0.4580 0.3142 0.2692 0.2566 0.2642 0.2450 0.2049 0.1493 0.1924 0.1950 0.2296 0.2313

5-ethyl-4-hydroxy-2-
methyl-
3(2H)-furanone

0.3216 0.2430 0.1995 0.1898 0.2837 0.2582 0.3007 0.2509 0.3677 0.1564 0.2311 0.1785
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20%  40%  60% 20%  40%  60%  80%  20% 40%  60%  80%
Benzenepropanoic acid, [,
othyl cster HENR 1 0.0921 0.1468 0.1789 02455 0.1626 04099 04256 03781 0.1376 0.1242 0.1364 0.1789
Benzo[b]thiophene, 6,7- — S
metny! 6, 7-—HHEFEIFWEN 00164 02306 0.0734 0.0229 0.0408 0.0065 0.0341 00225 0017 0.0142 0.0254 0.0388
bis(2-furylmethyl) L2~ e P 66 ) i
0.0225 0.0738 0.0164 0.0051 0.0041 0.0151 0.0266 0.0121 0.0077 0.0069 0.0068 0.0122
sulfide (27
ic acid, 2- . TR2-WEE-3-HIE
Butanoic acid, 2-methyl-, . 0.0034 0.0046 0.0052 0.0055 0.0049 0.0052 0.0052 0.0053 0.0047 0.0044 0.0048 0.0050
3-methylbutyl ester BRLG
Cinnamy! acetate ZIRAES 0.0086 0.0248 0.0175 0.0109 0.0140 0.0042 00122 00100 0.0089 0.0081 0.0113 0.0134
Ethyl salicylate KAARR L. 1g 13.0801 16.6615 13.6873 13.8973 17.6398 16.1574 17.3307 18.4097 15.0942 15.286 16.3114 16.6096
Methy! octanoate R 02240 12937 1.8579 1.0009 03615 04518 07708 0.5943 04273 03553 04757 0.7104
Phenyl methyl carbinyl ~ ASEFIHRIEL

acetate izl

0.0730 0.1056 0.0418 0.0342

0.0603 0.0891 0.0862 0.0852 0.1000 0.1373 0.1445 0.1747
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