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Abstract This study presents the first integrated texture-and-nutrition database for five widely con-
sumed crustaceans-Boston lobster (Homarus americanus), ornate spiny lobster (Panulirus ornatus),
grass shrimp (Palaemon carinicauda), fleshy prawn (Fenneropenaeus chinensis), and black tiger shrimp
(Penaeus monodon). Texture-profile analysis (TPA) and proximate composition assays were combined,
and similarity was quantified with both Euclidean distance and cosine similarity. Commercial vegetarian
shrimp products (samples A-D), a newly developed plant-based shrimp prototype, and their animal
counterparts were evaluated. Storage conditions markedly influenced texture: texturized vegetable pro-
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tein (TVP) formulations became firmer after freezing, whereas okara-based products softened. Most
commercial vegetarian shrimp relied on low-protein matrices (0.24-2.95% protein). Although samples
B and D di splayed texture values close to those of grass shrimp and white shrimp, their nutritional
profiles differed substantially (Euclidean distance > 25.05; cosine similarity < 0.9487). By contrast, the
42%-TVP prototype most closely resembled ornate spiny lobster (Euclidean distance = 2.89; cosine
similarity = 0.9970) and matched real shrimp in protein content (21.65+0.51%). It also achieved the
highest sensory similarity score (5.60+0.70), underscoring its promise as a realistic shrimp analogue.
The database and similarity model developed here provide a quantitative framework for the rational
design, formulation optimisation, and nutritional enhancement of next-generation plant-based seafood

products.
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Texture profile analysis (TPA) results of various shrimp samples under chilled (fresh) and frozen conditions, including hardness (A) ,

springiness (B), chewiness (C), cohesiveness (D), and resilience (E).

Values are expressed as mean + SD (n = 3). Different lowercase letters indicate significant differences among shrimp species within
the same storage condition determined by one-way ANOVA followed by Tukey's HSD test (p < 0.05). Asterisks(*)indicate significant dif-
ferences between chilled and frozen states of the same shrimp species, based on independent samples t-test (p < 0.05).
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Figure 2. Changes in texture properties of frozen Homarus americanus during storage at different weeks, including hardness and chewiness(A),
and springiness, cohesiveness, and resilience(B).Values are presented as mean + SD(n = 3). Asterisks(*)indicate significant differences
compared to week O(p < 0.05), analyzed by independent samples t-test.
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Table 1. Proximate composition (%) of different shrimp species, including moisture, ash, crude protein, crude
fat, and carbohydrates. Values are expressed as mean =SD (n = 3). Different superscript letters within
the same column in dicate significant differences among samples(p < 0.05), as determined by one-

way ANOVA followed by Tukey’s HSD test.
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Figure 3. Texture profile analysis (TPA)of commercial vegan shrimp products and in-house developed plant-based shrimp under different storage
conditions, including hardness (A), springiness (B), chewiness (C), cohesiveness(D), and resilience(E). Values are expressed as mean
+ SD (n = 3). Different lowercase letters within each graph indicate significant differences among groups(p < 0.05), analyzed by one-way
ANOVA with Tukey's HSD post-hoc test. Asterisks(*)indicate significant differences between refrigerated and frozen samples within the

same formulation, determined by independent samples t-test (p < 0.05).
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Table 2. Proximate composition (% ) of commercial vegan shrimp and in-house developed plant-based shrimp samples, including
moisture, ash, crude protein, crude fat, and carbohydrates. Values are presented as mean +SD (n = 3) . Different
superscript letters within the same column indicate significant differences among samples (p < 0.05) , determined by

one-way ANOVA followed by Tukey’s HSD test.%
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Table 3. Texture similarity analysis between commercial/in-house plant-based shrimp samples and various real shrimp types, pre-
sented as Euclidean Distance and Cosine Similarity. Lower Euclidean Distance and higher Cosine Similarity values indicate greater
similarity in texture profile. Data were calculated based on five TPA parameters: hardness, springiness, chewiness, cohesiveness,

and resilience.

I ERE R i HE IR Bl Bk BRER

3 Euclidean| Cosine | Euclidea | Cosine |Euclidean| Cosine |Euclidean| Cosine |Euclidean| Cosine
Distance |Similarity | Distance |Similarity | Distance |Similarity| Distance |Similarity| Distance |Similarity

THE A 11.5112 | 0.9939 | 19.9169 | 0.9811 | 18.8373 | 0.9997 | 18.5319 | 0.9835 | 12.7725 | 0.9963
B 22.6183 | 0.9997 | 31.0168 | 0.9969 8.8824 | 0.9947 5.9863 | 0.9984 | 24.1288 | 0.9989
HE C 47.2837 | 0.9979 | 55.5851 | 0.9983 | 19.5058 | 0.9894 | 19.2939 | 0.9999 | 48.8163 | 0.9960
MED 30.2068 | 0.9994 | 38.5733 | 0.9976 6.2334 | 0.9932 3.1606 | 0.9991 | 31.7253 | 0.9982
TVP | &0 | 6.3763 | 0.9815 3.8754 | 0.9938 | 35.9246 | 0.9608 | 33.1142 | 0.9920 5.5967 | 0.9765
25% | 5 | 5.1487 | 0.9817 | 10.6929 | 0.9935 | 29.6081 | 0.9614 | 26.1977 | 0.9926 6.2701 | 0.9767
TVP | &0 | 6.5903 | 0.9875 | 2.8920 | 0.9970 | 36.4173 | 0.9697 | 33.7973 | 0.9955 5.5915 | 0.9833
42% | o | 5.4285 | 0.9873 43271 | 0.9968 | 35.0221 | 0.9694 | 32.3059 | 0.9956 4.6919 | 0.9831
T | 2 | 10.4030 | 0.9926 | 18.2143 | 0.9984 | 21.8800 | 0.9784 | 18.2270 | 0.9987 | 11.9891 | 0.9892
25% | 5| 8.0969 | 0.9837 | 15.0324 | 0.9944 | 25.6857 | 0.9644 | 21.8454 | 0.9940 | 9.5922 | 0.9789
i | 2 | 14.2537 | 0.9810 6.4965 | 0.9631 | 43.9079 | 0.9929 | 42.3088 | 0.9638 | 12.7121 | 0.9856
42% | o m | 8.4415 | 0.9954 2.6676 | 0.9847 | 38.1350 | 0.9992 | 36.4925 | 0.9855 6.8867 | 0.9975
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Table 4. Proximate composition similarity between commercial/in-house plant-based shrimp samples and various real shrimp types,
assessed using Euclidean Distance and Cosine Similarity. Lower Euclidean Distance and higher Cosine Similarity values
indicate greater similarity in basic nutritional composition (moisture, ash, crude protein, crude fat, and carbohydrate con-
tent). The values reflect multidimensional comparisons based on five compositional parameters.

IR S e B AL BREf
f#il | Euclidean| Cosine |Euclidean| Cosine |Euclidean| Cosine |FEuclidean| Cosine |Euclidean| Cosine
Distance | Similarity | Distance | Similarity | Distance | Similarity | Distance | Similarity | Distance | Similarity

HE A | 30.7453 | 09151 | 29.1921 | 0.9242 | 25.0516 | 0.9487 | 26.0922 | 0.9419 | 27.7757 | 0.9338

HE B | 33.5279 | 09076 | 31.7501 | 09176 | 26.1577 | 0.9459 | 27.8341 | 0.9377 | 29.6731 | 0.9290

e C | 33.8583 | 0.9034 | 32.1766 | 09133 | 27.0359 | 0.9415 | 28.5319 | 0.9334 | 30.3090 | 0.9245

TEE D | 34.1578 | 0.9033 | 32.4364 | 0.9133 | 27.1597 | 0.9415 | 28.6949 | 0.9335 | 30.4953 | 0.9246

;;{;: 16.7945 | 0.9734 | 153516 | 0.9783 | 13.0159 | 0.9890 | 13.0801 | 0.9866 | 14.4146 | 0.9830
TVP

42% 10.9006 | 0.9909 | 11.0717 | 0.9919 | 15.9466 | 0.9888 | 13.5612 | 0.9913 | 13.3847 | 0.9910

fgf/ﬁk 26.2272 | 0.9383 | 24.5958 | 0.9462 | 20.3602 | 0.9665 | 21.3641 | 0.9611 | 23.0536 | 0.9544
0

i‘f/a" 349053 | 0.8785 | 34.8083 | 0.8834 | 36.8152 | 0.8907 | 35.5996 | 0.8907 | 36.2025 | 0.8846
0
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Figure 4. Sensory evaluation scores of commercial vegan shrimp and in-house developed plant-based shrimp samples on different attributes, in-
cluding appearance, aroma, texture, flavor, overall liking, and similarity to real shrimp. Values are expressed asmean+SD (n=58) .
Different lowercase letters above the bars indicate significant differences among samples within the same attribute (p <0.05) , anal-

yzed by one-way ANOVA followed by Tukey's HSD test.
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