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To systematically evaluate the trophic effects of Elodea nuttallii as exclusive versus 
complementary feedstock on growth performance, textural properties, and biochemical 
profiles in Procambarus clarkii, we conducted a controlled feeding trial employing four 
distinct nutritional regimes. The experiment followed a completely randomized design 
with four treatments (n=3 replicates/treatment; 20 crayfish/replicate). Dietary treatments 
included: a control group (0#) with access only to E. nuttallii and no supplemental feed, a 
soybean-supplemented group (1#) with E. nuttallii, a corn-supplemented group (2#) with 
E. nuttallii, and a formulated feed-supplemented group (3#) with E. nuttallii. Crayfish 
were fed twice daily (07:00 and 17:00) for 6 weeks. Results indicated that the control 
group (0#) showed significantly lower weight gain (WG) versus supplemented groups (P < 
0.05) and the 3# experimental group showed the best growth. Among the four 
experimental groups, no significant differences were observed in hardness, brittleness, or 
elasticity of the muscle (P > 0.05). However, muscle cohesiveness peaked in the 
corn-supplemented group, differing significantly from other treatments (P < 0.05). In 
terms of gumminess, the 1# group demonstrated the highest value (8.50), which was 
significantly greater than that of the other groups (P < 0.05). Total protein (TP) reached 
maximum levels in the formulated feed group (3#), being significantly higher than in 
groups 0# and 2# (P < 0.05) but statistically equivalent to group 1# (P > 0.05). In contrast, 
the control group (0#) recorded the lowest TP content at 12.60. Regarding GLB (globulin) 
content, the 1#, 2#, and 3# groups demonstrated significantly higher values compared to 
the control group (P < 0.05). However, no significant differences in GLB content were 
observed among these three groups (P > 0.05). The results of this study suggest that P. 
clarkii exhibited optimal growth performance when reared with formulated feed 
supplemented with E. nuttallii. The soybean-E. nuttallii dietary combination yielded 
superior muscle nutritional quality and organoleptic characteristics. Plasma biochemical 
analyses confirmed the aquacultural advantages when Elodea-based systems were 
complemented with protein-rich feed supplementation, with the formulated feed regime 
showing particular promise. 

INTRODUCTION 

Crayfish, Procambarus clarkii, is one of the larger freshwater 
shrimp species. Renowned for their delectable taste, cray

fish is esteemed as a nutritious delicacy, boasting high lev
els of muscle protein and calcium, coupled with low fat 
content. In recent years, China’s consumer market for cray
fish has kept expanding, while the aquaculture industry has 
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progressed at an unparalleled rate. In China, the total aqua
culture production of crayfish in 2023 reached 3.16 million 
tons, with a 9.35% increase from 2022. As a result, crayfish 
has become the predominant crustacean species cultivated 
in China. 

Crayfish demonstrate exceptional thermal adaptability, 
flourishing in water temperatures that span from 10 to 
30°C. Under optimal conditions of temperature and abun
dant feed, it can reach the marketable size within 40-50 
days. Its dietary preferences vary across developmental 
stages, environmental conditions, and individual size, 
showcasing a broad trophic spectrum. In natural habitats, 
crayfish primarily feed on detritus, organic debris, aquatic 
vegetation, algae, zooplankton, aquatic insects, benthic or
ganisms, and animal carcasses. However, under conditions 
of feed scarcity, cannibalistic behavior may occur.1 

In recent years, the escalating consumer demand for 
crayfish, driven by rising living standards, has spurred the 
proliferation of diverse integrated aquaculture models, in
cluding rice-crayfish co-culture, lotus pond cultivation, 
pond monoculture, and polyculture with fish. While numer
ous studies have explored the nutritional quality of cray
fish muscle across these farming systems,2‑4 comparative 
analyses of growth performance, textural properties, and 
blood biochemical profiles under varying feed regimes 
within identical ecological settings remain scarce. 
Elodea nuttallii is characterized by its cylindrical, fragile 

stems. Esteemed for its nutritional richness, freshness, and 
tender texture, E. nuttallii serves as an excellent natural 
feed for aquatic species such as crabs and crayfish. There
fore, this study aims to systematically compare the general 
composition, textural characteristics, and blood biochemi
cal indices of crayfish reared under identical water quality 
and aquatic vegetation conditions, with access to E. nuttallii 
and supplemented diets such as soybean, corn, and formu
lated feed. The findings are expected to provide valuable 
theoretical insights into crayfish aquaculture. 

MATERIALS AND METHODS 

EXPERIMENTAL ANIMALS AND DESIGN 

P. clarkii juveniles used in this feeding trial were procured 
from Yuanlv Agriculture Co., Ltd. (yutai, Shandong 
Province, P.R China). Firstly, P. clarkii were cultured in a 
tank (500L) to acclimate to the experimental conditions by 
feeding the commercial diet twice daily (07:00 and 17:00) 
for one week. After the conditioning period, a total of 240 
P. clarkii with similar sizes (initial weight = 4.46 ± 0.93 g) 
were randomly divided into 12 fiberglass tanks (1.5 × 1 × 1 
m). The experiment was arranged in a completely random
ized design comprising 4 treatment groups with 3 replicates 
per group and 20 crayfish per replicate. Four groups were 
studied: a control group (0#) with access only to E. nuttallii 
and no supplemental feed, a soybean-supplemented group 
(1#) with E. nuttallii, a corn-supplemented group (2#) with 
E. nuttallii, and a formulated feed-supplemented group (3#) 
with E. nuttallii. Crayfish were fed twice daily at 07:00 and 
17:00, respectively, for 6 weeks. To create a tranquil and 

shaded environment conducive to crayfish growth, black 
polyethylene mesh was suspended above the tanks to block 
sunlight. Additionally, 20 wide-mouth glass or plastic bot
tles filled with pond mud were placed in each tank to pro
vide hiding spaces. E. nuttallii was planted in clusters of 10, 
with row and plant spacings of approximately 30 cm and 20 
cm, respectively. Furthermore, E. nuttallii stems measuring 
10-20 cm in length were scattered across the tanks, achiev
ing a coverage rate of approximately two-thirds. E. nuttallii 
coverage was replenished promptly whenever it fell below 
one-third of the tank area. Corn and soybeans were boiled 
before feeding, and the daily feeding rate was set at 5 % of 
the crayfish’s body weight. 

FEEDING MANAGEMENT 

During the whole feeding trial, the mortality, molting times 
and feed intake were recorded every day. The water source 
for the experiment was 700 m deep mineral water. Water 
temperature (25±1℃), dissolved oxygen (4.70±0.8 mg/L), 
pH (7.25±0.23) and ammonia-nitrogen (0.11±0.02) main
tained within the acceptable limits for the culture of this 
species. 

SAMPLE COLLECTION 

At the end of feeding trial, P. clarkii were starved for 24 
h before sampling. Then, all P. clarkii in each tank were 
anesthetized in diluted MS-222 (tricainemethanesulfonate, 
Sigma, USA) at a concentration of 80 mg/L and measured 
for final weight. Five individuals from each tank were ran
domly selected to collect hemolymph with 1.0 mL sterile 
syringes in 1.5 mL Eppendorf tubes and then stored at 4 °C 
for subsequent analyses. 

CALCULATION OF GROWTH AND MOLTING 
PERFORMANCE 

For each treatment, all P. clarkii were determined to quan
tify the final weight, percent of weight gain, feed intake, 
feed efficiency, survival rate, molting times, molting rate 
and weekly molting times during the whole feeding trial. 
The growth and molting parameters were calculated as fol
lows: 

Survival rate, SR = 100% × (Kt/K0) 
Weight gain, WG = 100% × (Wt − W0)/W0 
Specific growth rate, SGR = 100% × (lnWt − ln W0)/t 
Feed conversion ratio, FCR = 100% × Gd/(Wt − W0) 
Feed intake (FI, g/g of crayfish/day) = feed consump

tion/((Wt+ W0)/2 × the experimental duration in days) 
Meat content, MC = 100% × Gm/Wt 
where, Kt is the final number of crayfish, K0 is the initial 

number of crayfish, Wt is the final weight, W0 is the initial 
weight, it is the experimental days, Gd is the food ration, L 
is the final body length, and Gm is the muscle weight. 

DETERMINATION OF WHOLE-BODY COMPOSITION 

The conventional components of test feed and whole cray
fish were determined according to the method described by 
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You et al.5 Moisture was determined by the constant weight 
drying method at 80 °C, crude lipid content by Soxhlet ex
traction method, and crude protein (N × 6.25) using the 
Kjeldahl method. The sample was burned in a muffle fur
nace at 550 °C for 6 h, and the crude ash content was deter
mined by the carbonization method. 

MEASUREMENT OF MUSCLE TEXTURAL PROPERTIES 

Muscle samples were randomly collected from five crayfish 
to evaluate textural properties. Texture profile analysis 
(TPA) was conducted using a Universal TA texture analyzer 
to determine parameters such as hardness, brittleness, 
elasticity, cohesiveness, gumminess, and chewiness. Each 
sample was measured five times to ensure data reliability. 

ANALYSIS OF PLASMA BIOCHEMICAL PARAMETERS 

Blood samples were centrifuged at 5,000 rpm for 10 min
utes, and the supernatant was stored at -20°C for the subse
quent analysis. Plasma biochemical parameters, including 
aspartate aminotransferase (AST), alanine aminotrans
ferase (ALT), total protein (TP), albumin (ALB), triglyc
erides (TG), cholesterol (TC), and glucose (GLU), were 
quantified using a BS-430 fully automated biochemical an
alyzer. 

STATISTICAL ANALYSIS 

The experimental data were analyzed using SPSS 25.0 for 
biological statistics. The assumptions of normality and 
mean square deviation were confirmed before any statis
tical analysis. One-way analysis of variance (ANOVA) fol
lowed by Duncan’s multiple range test was used to de
termine whether different levels of substitution had a 
significant effect on the measurements. The level of sig
nificance was set as P < 0.05. Statistics were expressed as 
mean ± SEM (standard error of the mean) and differences 
were considered significant at P < 0. 05. Principal compo
nent analysis and plotting using origin 2018. 

RESULTS 

GROWTH PERFORMANCE OF CRAYFISH UNDER 
DIFFERENT FEEDING REGIMES 

As illustrated in Table 1, after 6 weeks of feeding, the con
trol group (0#) exhibited a markedly slower increase in body 
weight compared to other three groups (P < 0.05). The 3# 

experimental group showed the best growth. However, the 
WG of the 3# group did not significantly differ from that 
of the 1# and 2# groups (P > 0.05). The SGR was lowest in 
the 0# group at (2.25 ± 0.19)%, while the 3# group achieved 
the highest SGR of (5.43 ± 0.31)%. SGR followed the hi
erarchy: 3# > 1# > 2# > 0#, showing significant intergroup 
differences (P < 0.05). Muscle yield peaked in the control 
group (17.20±0.36%), being significantly higher than sup
plemented groups (P < 0.05). In contrast, no significant dif
ference in meat yield was observed among the 1^#; 1#^, 
and 3# groups (P > 0.05). Survival rates varied considerably 

among the groups, with the 3# group exhibiting the highest 
survival rate of (85.00 ± 6.12)%, while the 2# group recorded 
the lowest at (56.67 ± 4.75)%. Significant differences in sur
vival rates were noted across all groups (P < 0.05). 

EFFECTS OF DIFFERENT FEEDING REGIMES ON THE 
PROXIMATE COMPOSITION OF CRAYFISH MUSCLE 

The moisture content of crayfish muscle exhibited minimal 
variation across the experimental groups (Table 2). The 
0# group displayed a slightly higher moisture content of 
81.28±0.72 %, while the 3# group recorded the lowest at 
79.89±0.33 %. However, no statistically significant differ
ence was observed among the groups (P > 0.05). In terms 
of crude protein content, the 0# group showed the lowest 
value at 16.46±0.11 %, which was significantly lower com
pared to the other three groups (P < 0.05). The highest 
crude protein content was observed in the 3# group at 
18.09±0.21 %, though this did not differ significantly from 
groups 1# and 2# (P > 0.05). 

The crude fat content was lowest in the 0# group 
(0.68±0.05 %), showing significant differences compared to 
the 2# and 3# groups (P < 0.05). Conversely, the 3# group ex
hibited the highest crude fat content at 0.9±0.04 %, which 
was significantly higher than the 1# group (P < 0.05) but 
not significantly different from the 2# group (P > 0.05). Re
garding ash content, the 3# group had the highest value 
at 1.54±0.15 %, while the 0# group recorded the lowest at 
1.43±0.11 %. However, no significant differences in ash con
tent were detected among the groups (P > 0.05). 

EFFECTS OF DIFFERENT FEEDING REGIMES ON THE 
TEXTURAL PROPERTIES OF CRAYFISH MUSCLE 

Textural analysis revealed significant diet-induced varia
tions in Procambarus clarkii muscle characteristics (Table 
3). Among the four experimental groups, no significant dif
ferences were observed in hardness, brittleness, or elastic
ity of the muscle (P > 0.05). However, the cohesiveness of 
muscle was highest in the 2# group (1.80), significantly sur
passing the other groups (P < 0.05). In terms of gumminess, 
the 1# group demonstrated the highest value (8.50), which 
was significantly greater than that of the other groups (P 
< 0.05). Conversely, the formulated feed group (3#) showed 
minimal gumminess (7.28), differing significantly from 
groups 1# and 2# (P < 0.05). Regarding chewiness, the 0# 

and 3# groups recorded the lowest values, which were sig
nificantly lower than that of the 1# group (P < 0.05) but not 
significantly different from the 2# group (P > 0.05). The 1# 

group achieved peak chewiness (8.72), being significantly 
superior to groups 0# and 3# (P > 0.05) but statistically 
equivalent to group 2# (P > 0.05). 

EFFECTS OF DIFFERENT FEEDING REGIMES ON BLOOD 
BIOCHEMICAL PARAMETERS OF CRAYFISH 

As shown in Table 4, no significant differences were ob
served in serum biochemical markers, including AST, ALT, 
AKP, Glu, TG, and TC, across the experimental groups (P 
> 0.05). However, the TP content exhibited notable varia
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Table 1. Growth performance of crayfish under different feeding regimes         

0# 1# 2# 3# 

Final weight, FW（g） 8.26±1.79a 15.59±2.07b 14.30±2.46b 17.93±3.54b 

Final body length, FBL（cm） 5.73±0.47a 6.62±0.83b 6.52±0.97b 7.16±1.31b 

Specific growth rate, SGR（%） 2.25±0.19a 4.90±0.34bc 4.53±0.59b 5.43±0.31c 

Meat content, MC（%） 17.20±0.36b 15.37±0.17a 14.26±0.41a 14.99±0.36a 

Survival rate, SR（%） 68.33±3.29b 76.67±5.04c 56.67±4.75a 85.00±6.12d 

Note: Data are expressed as means ± SEM (n = 9). Diverse small letters show significant differences (P<0.05) in different dosage groups. 

Table 2. Effects of Different Feeding Regimes on the Proximate Composition of Crayfish Muscle             

0# 1# 2# 3# 

Moisture (%) 81.28±0.72 80.01±0.58 80.25±0.43 79.89±0.33 

Crude Protein, CP (%) 16.46±0.11b 17.94±0.12b 17.44±0.15a 18.09±0.21b 

Crude Fat, CF (%) 0.68±0.05a 0.81±0.08ab 0.87±0.11b 0.9±0.04b 

Crude Ash, CA (%) 1.43±0.11 1.52±0.09 1.46±0.09 1.54±0.15 

Note: Data are expressed as means ± SEM (n = 9). Diverse small letters show significant differences (P<0.05) in different dosage groups. 

Table 3. Effects of Different Feeding Regimes on the Textural Properties of Crayfish Muscle             

0# 1# 2# 3# 

hardness 5.06±0.11 5.07±0.11 5.04±0.09 5.04±0.08 

brittleness 4.55±0.17 4.64±0.16 4.59±0.19 4.32±0.18 

elasticity 0.99±0 0.99±0 0.99±0 0.99±0 

cohesiveness 1.46±0.15a 1.50±0a 1.80±0.14b 1.43±0.29a 

gumminess 7.49±0.21ab 8.50±0.35c 7.78±0.40b 7.28±0.24a 

chewiness 7.01±0.23a 8.72±0.32b 7.91±0.70ab 7.20±0.41a 

Note: Data are expressed as means ± SEM (n = 9). Diverse small letters show significant differences (P<0.05) in different dosage groups. 

tions. The 3# group displayed the highest total protein level 
at 19.75, significantly exceeding that of groups 0# and 2# 

(P < 0.05), though no significant difference was observed 
compared to the 1# group (P > 0.05). In contrast, the con
trol group (0#) recorded the lowest total protein content at 
12.60, which was significantly lower than that of the other 
experimental groups (P < 0.05).GLB content was signifi
cantly elevated in protein-supplemented groups (1#-3#) rel
ative to control (P < 0.05). However, no significant differ
ences in globulin content were observed among these three 
groups (P > 0.05). 

DISCUSSION 

The growth performance of P. clarkii is influenced by mul
tiple factors, including biological characteristics, food re
sources, developmental stages, stocking density, and en
vironmental conditions. In this study, comparison of 
different diets revealed that the formulated feed group ex
hibited the most favorable growth outcomes, followed by 
the soybean and corn groups, while the control group 
showed the slowest growth. These results suggest that for
mulated feed better meets the energy and nutritional re
quirements of crayfish, promoting rapid growth. The com

prehensive nutritional profile of formulated feed, providing 
a balanced supply of proteins, lipids, carbohydrates, and 
micronutrients, is crucial for growth, molting, and immune 
function maintenance in crayfish.6 Additionally, the signif
icantly lower consumption of E. nuttallii in the formulated 
feed group indicates reduced reliance on natural forage, 
further supporting its nutritional adequacy. Moreover, the 
higher survival rate in this group suggests that the feed’s 
composition mitigates mortality caused by molting failure 
or cannibalism. 

However, the water quality in the formulated feed group 
deteriorated more rapidly, likely due to the accumulation of 
uneaten feed residues and excretory waste. Although darker 
water may provide some shelter for crayfish, regular water 
exchange is essential to ensure normal growth.7 Among the 
experimental groups, the corn group exhibited the poor
est growth performance. Although its specific growth rate 
and final body weight were higher than those of the control 
group, residual corn kernels were frequently observed, in
dicating poor palatability. Moreover, the significantly lower 
survival rate in this group may be attributed to nutritional 
imbalances and increased cannibalism.8 In contrast, the 
control group showed a significantly higher meat yield, 
likely due to the smaller body size and thinner exoskeleton 
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Table 4. Effects of Different Feeding Regimes on blood Biochemical Parameters of Crayfish            

0# 1# 2# 3# 

Aspartate aminotransferase, AST (U/L) 1.35±0.23 1.62±0.37 1.45±0.25 1.50±0.39 

Alanine aminotransferase, ALT (U/L) 1.27±0.20 1.32±0.32 1.00±0.12 1.32±0.23 

Alkaline phosphatase, AKP (U/L) 1.95±0.14 2.61±0.72 2.27±0.31 2.32±0.56 

Glucose, GLU (mmol/L) 36.93±0.49 37.56±1.56 36.08±1.31 35.23±0.83 

Triglycerides, TG (mmol/L) 0.04±0.01 0.05±0.01 0.05±0.01 0.04±0.01 

Cholesterol, TC (mmol/L) 0.10±0.03 0.12±0.04 0.11±0.07 0.15±0.01 

Total protein, TP (mg/L) 12.60±1.24a 17.98±0.92bc 16.40±1.56b 19.75±2.11c 

Albumin, ALB (mg/L) 3.43±0.74 4.38±0.53 3.98±0.46 4.33±0.99 

Globulin, GLB (mg/L) 9.17±1.65a 13.6±0.42b 12.42±0.87b 15.42±2.68b 

Note: Data are expressed as means ± SEM (n = 9). Diverse small letters show significant differences (P<0.05) in different dosage groups. 

of the crayfish. However, this does not reflect superior 
growth performance, as the slow growth was a result of 
insufficient nutritional supply.9 The soybean group exhib
ited intermediate growth performance, with moderate meat 
yield and survival rates. While soybeans are a high-quality 
protein source, its nutritional profile is less comprehensive 
compared to formulated feed.10 The lower consumption of 
E. nuttallii in the soybean group compared to the control 
and corn groups suggests that its nutritional supply, though 
superior to corn, still falls short of fully meeting crayfish 
growth requirements. 

The proximate composition of muscle, including mois
ture, protein, fat, and ash content, directly determines the 
economic and nutritional value of crayfish. Variations in 
these components reflect dietary influences and phenotypic 
plasticity in response to environmental conditions.11 

Among these, crude protein and crude fat are particularly 
indicative of nutritional status and short-term energy al
location.12 In this study, no significant differences were 
found in moisture and ash content among the experimental 
groups. However, significant variations were observed in 
crude protein and crude fat content. The corn group had the 
lowest crude protein content, differing significantly from 
other groups, whereas the control group showed the lowest 
crude fat content, differing significantly from the corn and 
formulated feed groups. These disparities are primarily at
tributed to the nutritional profiles of the respective diets. 

The lower crude protein content in the corn group is 
likely associated with the suboptimal nutritional quality of 
its diet. Corn, as a sole energy source, lacks sufficient pro
tein and essential amino acids, limiting muscle protein de
position in crayfish.13 Both the soybean and formulated 
feed groups had significantly higher muscle crude protein 
content than the corn group, reflecting their protein-rich 
diets. Soybean, a high-quality plant protein, supplies es
sential amino acids for growth, whereas formulated feed 
enhances protein utilization via a balanced nutrient pro
file.6 The formulated feed group also had higher crude fat 
content than the control group, suggesting the diet met en
ergy demands for lipid retention. As reported by Dong et 
al.,14 farmed crayfish typically have lower moisture content 
than wild-caught individuals, aligning with this study’s re
sults. Wild crayfish, facing limited food resources, retain 

higher muscle moisture, whereas farming conditions with 
abundant feed may reduce moisture content. 

Gumminess and chewiness are key textural parameters 
for evaluating the organoleptic quality of aquatic products. 
Gumminess reflects the adhesive properties during masti
cation, primarily determined by myofibrillar proteins and 
connective tissue components, while chewiness represents 
the work required for mastication, influenced by myofiber 
organization and connective tissue distribution.15 In this 
experiment, the soybean group exhibited significantly 
greater gumminess and chewiness than other groups, sug
gesting enhanced connective tissue formation and myofib
rillar protein cross-linking, leading to improved textural 
resilience.16 These results corroborate Liu et al,17 where 
soybean-based high-protein feeds promoted myofiber hy
perplasia, reduced fiber diameter, and collagen deposition, 
thereby improving muscle structural integrity. 

Blood biochemical parameters serve as sensitive indica
tors of metabolic status and organ function, reflecting the 
physiological and nutritional status of crustaceans.10 These 
parameters are modulated by multiple biotic and abiotic 
factors, including ontogenetic stage, husbandry practices, 
and environmental variables (temperature, salinity, pho
toperiod), as well as dietary formulation.18 AST and ALT are 
hepatopancreas-specific enzymes involved in amino acid 
metabolism and serving as indicators of hepatopancreatic 
function. In this study, the absence of significant inter
group differences in AST and ALT activities suggests the 
feeding regimes maintained normal hepatopancreatic func
tion in crayfish. AKP, a biomarker for exoskeletal formation 
and hepatobiliary function, normally exhibits elevated lev
els during larval and juvenile stages.19 Similarly, the con
sistent AKP and Glu levels across groups indicate the feed
ing regimes preserved normal glucose homeostasis and 
exoskeletal mineralization processes. 

TP (total protein) serves as a key biomarker of he
patopancreatic function and immune status, consisting of 
ALB (albumin) and GLB (globulin) fractions. ALB con
tributes to nutrient transport and hemolymph osmotic reg
ulation, whereas GLB contains pathogen-recognition pro
teins and antimicrobial factors essential for innate 
immunity.20 In this study, the formulated feed group exhib
ited significantly higher GLB levels compared to the con
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trol group, with the differences in TP largely attributed to 
elevated GLB concentrations. Elevated GLB levels correlate 
with strengthened humoral immune capacity against op
portunistic pathogens. The higher GLB levels in the for
mulated feed group may be associated with the elevated 
protein content in the diet, which supports protein synthe
sis and immune function.21 Luo et al.22 demonstrated that 
TP elevation reflects optimal dietary amino acid profiles, 
heightened metabolic turnover, and upregulated biosyn
thetic pathways. In this study, crayfish in the 1^#; 1#^, 
and 3# experimental groups received supplementary pro
tein feed in addition to aquatic plants, resulting in more 
comprehensive nutrient intake compared to the control 
group. Consequently, these groups demonstrated signifi
cantly higher TP levels, further supporting the role of pro
tein-rich diets in promoting growth and immune function 
in crayfish. 

CONCLUSION 

In summary, the results of this study demonstrate the fol
lowing key findings: (1) From the perspective of growth 
performance and nutritional composition, the cultivation 
mode combining formulated feed with E. nuttallii yielded 
the most favorable growth traits in crayfish; (2) In terms 
of muscle texture and sensory quality, the soybean-sup
plemented diet in conjunction with E. nuttallii produced 
superior outcomes; (3) With regard to serum biochemical 
parameters, the inclusion of E. nuttallii in the cultivation 
environment, supplemented with protein-rich feeds, signif
icantly enhanced the overall farming efficacy of crayfish, 
with the formulated feed group exhibiting the most pro
nounced benefits. 

ACKNOWLEDGMENT 

This research was funded by the National Key R&D Pro
gram of China (2023YFD2402000), the Shandong Province 
modern agricultural industrial technology system 

(SDAIT-13-05) and Natural Science Foundation of Shan
dong Province (ZR2022MC003). The authors gratefully ac
knowledge the scientific research personnel of the Fish Nu
trition and Processing Department, the Freshwater 
Fisheries Research Institute of Shandong Province, Jinan 
City, China, for their assistance during the sampling period. 
We are also grateful to the management and workers of the 
fish farm of the Freshwater Fisheries Research Institute of 
Shandong Province for all their assistance during the entire 
trial period. 

AUTHORS’ CONTRIBUTION 

YYZ and GHM conceived and designed the research. GHM, 
LPS, SQM, YHZ and BLW conducted the experiment. PX, 
JW, XCZ, BL, SLX and WXZ analyzed the data. GHM wrote 
the paper. YYZ revised the paper. 

COMPETING INTEREST 

The authors declare that they have no known competing fi
nancial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 

ETHICAL CONDUCT APPROVAL 

All procedures were carried out according to the Institu
tional Animal Care and Use Committee Guide in Freshwater 
Fisheries Research Institute of Shandong Province. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

DATA AVAILABILITY STATEMENT 

All data generated or used during the study appear in the 
submitted article. 

Submitted: March 29, 2025 CST. Accepted: May 10, 2025 CST.
Published: August 13, 2025 CST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Comparative Analysis of Growth Traits, Textural Attributes, and Blood Biochemical Parameters in Procamb…

Israeli Journal of Aquaculture - Bamidgeh 139



REFERENCES 

1. Guo ZW. Feeding habits and aquaculture 
techniques of crayfish. Ocean and Fisheries 
(Aquaculture Frontier). 2019;2019(1):72-76. 

2. Zheng D, Peng XT, Zhang X, et al. Muscle quality 
evaluation of Procambarus clarkii under different 
aquaculture models in Hubei Province. Science and 
Technology of Food Industry. 2023;44(10):91-97. 

3. Xu C, Ge QF, Zhu YZ, et al. Comparative study on 
nutritional value and quality of crayfish from 
different regions. Meat Research. 2019;33(8):7-11. 

4. Wu LM, Han GM, Qin BL, et al. Effects of different 
aquatic vegetation cultivation environments on 
growth performance, physiological indices and 
muscle nutritional components of Procambarus 
clarkii. Journal of Dalian Ocean University. 
2023;38(5):779-786. 

5. You CH, Lu F, Wang S, Chen C, Li Y. Comparison of 
the growth performance and long-chain PUFA 
biosynthetic ability of the genetically improved 
farmed tilapia (Oreochromis niloticus) reared in 
different salinities. Br J Nutr. 2019;121:374-383. 
doi:10.1017/S0007114518003471 

6. D’Abramo LR, Sheen SS. Nutritional requirements, 
feed formulation, and feeding practices for intensive 
culture of the freshwater prawn Macrobrachium 
rosenbergii. Reviews in Fisheries Science. 
1994;2(1):1-21. doi:10.1080/10641269891314267 

7. Uddin MS, Rahman SMS, Azim ME, Wahab MA, 
Verdegem MJ, Verreth JA. Effects of stocking density 
on production and economics of Nile tilapia 
(Oreochromis niloticus) and freshwater prawn 
(Macrobrachium rosenbergii) polyculture in 
periphyton-based systems. Aquaculture Research. 
2007;4(2):253-261. doi:10.1111/
j.1365-2109.2007.01837.x 

8. Huner JV. Freshwater crayfish aquaculture in North 
America, Europe, and Australia families astacidae 
cambaridae, and parastacidae. Quarterly Review of 
Biology. 1994;70(1):136-145. doi:10.1086/418922 

9. Yao H, Cao M, Zhang J, et al. Dietary Threonine 
Promoted the Growth and Ovarian Development of 
the Red Swamp Crayfish (Procambarus clarkii). 
Aquaculture Nutrition. 2024;2024:5526963. 
doi:10.1155/2024/5526963 

10. Jones PL, Silva SS, Mitchell BD. The effect of 
dietary protein source on growth and carcass 
composition in juvenile Australian freshwater 
crayfish. Aquaculture International. 
1996;4(4):361-376. doi:10.1007/BF00120951 

11. Xu WN, Liu WB, Shen MF, Li GF, Wang Y, Zhang 
WW. Effect of different dietary protein and lipid 
levels on growth performance, body composition of 
juvenile red swamp crayfish (Procambarus clarkii). 
Aquaculture International. 2013;21:687-697. 
doi:10.1007/s10499-012-9603-8 

12. Siddiqui TQ, Khan MA. Effects of dietary protein 
levels on growth, feed utilization, protein retention 
efficiency and body composition of young 
Heteropneustes fossilis (Bloch). Fish Physiology & 
Biochemistry. 2009;35(3):479. doi:10.1007/
s10695-008-9273-7 

13. Nzomiwu NR. Effect of alkaline treatment 
('akanwu’) and supplementary value of corn or 
crayfish on the protein quality of breadfruit (Treculia 
Africana). Plant Foods for Human Nutrition. 
1990;40(2):99-105. doi:10.1007/BF02193766 

14. Dong SL, Wang ZB, Lei XQ, et al. Effects of heat 
stress on blood biochemical indices in livestock. 
Ecology of Domestic Animal. 2004;25(2):54-56. 

15. Seifi Berenjestanaki S, Esmaeili Fereidouni A, 
Ouraji H, Jani Khalili K. Influence of dietary lipid 
sources on growth, reproductive performance and 
fatty acid compositions of muscle and egg in three-
spot gourami (Trichopodus trichopterus) (Pallas, 
1770). Aquaculture Nutrition. 2014;20(5):494-504. 
doi:10.1111/anu.12102 

16. Wattanachant S, Benjakul S, Ledward DA. Effect 
of heat treatment on changes in texture, structure 
and properties of Thai indigenous chicken muscle. 
Food Chemistry. 2005;93(2):337-348. doi:10.1016/
j.foodchem.2004.09.032 

17. Liu YT, Dong J, Xia JJ, et al. Effects of different 
feeds on texture properties and nutritional quality of 
Procambarus clarkii muscle in rice-crayfish coculture 
systems. Acta Agriculturae Zhejiangensis. 
2019;39(12):1996-2004. 

18. Ma F, Li XQ, Li BA, Leng XJ. Effects of extruded 
and pelleted diets with differing lipid levels on 
growth, nutrient retention and serum biochemical 
indices of tilapia (Oreochromis aureus × Tilapia 
nilotica). Aquaculture Nutrition. 2016;22(1):61-71. 
doi:10.1111/anu.12229 

Comparative Analysis of Growth Traits, Textural Attributes, and Blood Biochemical Parameters in Procamb…

Israeli Journal of Aquaculture - Bamidgeh 140

https://doi.org/10.1017/S0007114518003471
https://doi.org/10.1080/10641269891314267
https://doi.org/10.1111/j.1365-2109.2007.01837.x
https://doi.org/10.1111/j.1365-2109.2007.01837.x
https://doi.org/10.1086/418922
https://doi.org/10.1155/2024/5526963
https://doi.org/10.1007/BF00120951
https://doi.org/10.1007/s10499-012-9603-8
https://doi.org/10.1007/s10695-008-9273-7
https://doi.org/10.1007/s10695-008-9273-7
https://doi.org/10.1007/BF02193766
https://doi.org/10.1111/anu.12102
https://doi.org/10.1016/j.foodchem.2004.09.032
https://doi.org/10.1016/j.foodchem.2004.09.032
https://doi.org/10.1111/anu.12229


19. Hubbard DM, Robinson EH, Brown PB, Daniels 
WH. Optimum Ratio of Dietary Protein to Energy for 
Red Crayfish (Procambarus clarkii). The Progressive 
Fish-Culturist. 1986;48(4):233-237. https://doi.org/
10.1577/
1548-8640(1986)48%3C233:ORODPT%3E2.0.CO;2 

20. Zheng T, Crews J, Mcgill JL, et al. A Single-Step 
Gold Nanoparticle-Blood Serum Interaction Assay 
Reveals Humoral Immunity Development and 
Immune Status of Animals from Neonates to Adults. 
ACS Infectious Diseases. 2018;13(2):362-271. 
doi:10.1021/acsinfecdis.8b00213 

21. Martínez-Salazar N, De los Santos-Romero R, 
Alvarez-González CA, Martínez-García R, Garcia-
Guerrero MU. Variations in the activity of proteolytic 
and lipidic enzymes of wild and cultured individuals 
of the prawn Macrobrachium tenellum Smith, 1871 
(Decapoda: Caridea: Palaemonidae) fed with different 
diets. Journal of Crustacean Biology. 2023;43(2):11-26. 
doi:10.1093/jcbiol/ruad024 

22. Luo ZY, Wang L, Wang BJ, et al. Effects of 
different feeding regimes on blood biochemical 
parameters and growth performance of Oreochromis 
aureus. Journal of Fishery Sciences of China. 
2007;14(5):743-748. 

Comparative Analysis of Growth Traits, Textural Attributes, and Blood Biochemical Parameters in Procamb…

Israeli Journal of Aquaculture - Bamidgeh 141

https://doi.org/10.1577/1548-8640(1986)48%3C233:ORODPT%3E2.0.CO;2
https://doi.org/10.1577/1548-8640(1986)48%3C233:ORODPT%3E2.0.CO;2
https://doi.org/10.1577/1548-8640(1986)48%3C233:ORODPT%3E2.0.CO;2
https://doi.org/10.1021/acsinfecdis.8b00213
https://doi.org/10.1093/jcbiol/ruad024

	Comparative Analysis of Growth Traits, Textural Attributes, and Blood Biochemical Parameters in Procambarus clarkii under Varied Feeding Regimens
	Introduction
	Materials and methods
	Experimental Animals and Design
	Feeding Management
	Sample collection
	Calculation of growth and molting performance
	Determination of Whole-Body Composition
	Measurement of Muscle Textural Properties
	Analysis of Plasma Biochemical Parameters
	Statistical Analysis

	Results
	Growth Performance of Crayfish under Different Feeding Regimes
	Effects of Different Feeding Regimes on the Proximate Composition of Crayfish Muscle
	Effects of Different Feeding Regimes on the Textural Properties of Crayfish Muscle
	Effects of Different Feeding Regimes on Blood Biochemical Parameters of Crayfish

	Discussion
	Conclusion
	Acknowledgment
	Authors’ Contribution
	Competing Interest
	Ethical Conduct Approval
	Informed Consent Statement
	Data Availability Statement

	References


