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A B S T R A C T   

The nutritional value and meat quality influence the consumer preference for crab. Dietary nutrition manipu-
lation is a practical way to regulate flesh quality. This study evaluates the effects of dietary myo-inositol on the 
nutritional value and meat flavor of male Chinese mitten crab (Eriocheir sinensis). Three diets supplemented with 
different myo-inositol levels (0, 1600 and 3200 mg/kg) were fed to the crabs for 12 weeks. Dietary myo-inositol 
supplementation significantly increased the content of highly unsaturated fatty acids in the muscle and enhanced 
muscle protein deposition by up-regulating the expression of genes related to protein synthesis in the crab 
muscle. Metabolome analysis showed that the differential metabolites were enriched in the amino acid metabolic 
process in the groups with myo-inositol supplementation. Moreover, the content of total umami-free amino acids 
increased when crabs were fed diets with myo-inositol supplementation, which may relate to the production of 
umami flavor in crabs. Therefore, myo-inositol supplementation may be a practical approach to improving the 
meat quality of male E. sinensis.   

1. Introduction 

Aquatic products are essential human food and a safe source of high- 
quality animal protein to improve human health (Tacon & Metian, 
2013). The demand for high-quality aquatic products has increased with 
improved living standards. Generally, the quality of aquatic animal 
products markedly influences consumer preferences and partially de-
termines the success of the aquaculture industry (Hardy & Lee, 2010). 
The nutrient composition and meat flavor can be used to evaluate the 
quality of aquatic animal products, which are strongly influenced by diet 
ingredients (Hardy & Lee, 2010). For instance, the optimum level of 
dietary manganese could improve flesh quality and muscle flavor in 
grass carp (Ctenopharyngodon idella) (Jiang et al., 2016). Large yellow 
croaker (Larimichthys crocea) fed glycerol monolaurate have high 

umami-free amino acids and protein content in the muscle to enhance 
flesh flavor and nutritional value (Zhuang et al., 2022). Dietary marine 
oils such as fish oil and krill oil supplementation could enhance the 
protein content and meat taste in swimming crab (Portunus tritubercu-
latus) compared with those fed vegetable oils supplementation (Yuan 
et al., 2020). In a previous study, the meat flavor of crayfish (Pro-
cambarus clarkii Girard, 1852) could be improved by dietary animal 
protein supplementation (Xu et al., 2022). Therefore, improving the 
product quality of aquatic animals through nutritional manipulation 
could be a practical and cost-effective method in aquaculture. 

Protein is a source of essential amino acids (EAA) and is an indis-
pensable nutrient for the normal development of living organisms. Op-
timum dietary protein intake is beneficial for human health and 
preventive for various diseases (Wang et al., 2008). Aquatic animal 
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products are high-quality protein sources rich in essential amino acids 
required by humans, which can meet the consumer demand for animal 
protein supply (Tacon et al., 2013). Therefore, the enhancement of meat 
protein in aquatic animals has become a focus of many farmers and 
nutritionists. However, some studies on regulating protein composition 
in aquatic animals have mainly focused on applying macronutrients 
such as protein or amino acids, lipid, and some additives (Ji et al., 2022; 
Zhou et al., 2021). Recently, many reports also found that dietary 
micronutrients, especially vitamin, have an essential role in animal 
protein deposition (Chanet et al., 2017; Shiau & Shiau, 2001). However, 
little information on aquatic animals has been reported on 
micronutrient-regulated protein deposition, and the specific mecha-
nisms remain unclear. Myo-inositol, a vitamin-like nutrient, widely ex-
ists in living cells and feed ingredients. It has a wide range of 
physiological functions, which is beneficial in preventing various human 
diseases (Croze & Soulage, 2013). In addition to antioxidants, 
myo-inositol has anti-inflammatory and lipid metabolism-regulating 
characteristics and can increase the protein content in aquatic animals 
(Bu et al., 2022c; Gong et al., 2014; Wang, Meng, Liu, Xia, & Wang, 
2021). Nevertheless, the mechanism by which myo-inositol regulates 
protein deposition in aquatic animals is still unclear and needs further 
investigation. 

The Chinese mitten crab (Eriocheir sinensis), one of the most impor-
tant economic freshwater crustaceans, is popular with consumers in 
China and other Asian countries due to its high protein and uniquely 
delicious taste (Bu et al., 2022c). However, in commercial production, 
E. sinensis are fed a natural diet such as trash fish. Due to the unstable 
source and quality of trash fish and inappropriate use in diets may have 
caused adverse effects on crab nutritional and commercial values (Wu, 
Cheng, Chang, Sui, & Wang, 2007). Therefore, it is necessary to develop 
a functional diet to obtain safe, nutritious and high-quality E. sinensis 
products to meet the demand of crab consumers. Moreover, our previous 
studies have found that myo-inositol, as a functional feed additive, can 
significantly affect growth, stress resistance and lipid mobilization in 
E. sinensis (Bu et al., 2022b, 2022c). However, to date, no information is 
available on the influences of dietary myo-inositol supplementation on 
the nutritional value and meat quality of E. sinensis. Therefore, the 
present study aimed to provide new insight into improving the quality of 
E. sinensis flesh by using myo-inositol in the diet as a supplement. 

2. Materials and methods 

2.1. Ethical statement 

The experimental procedures and animal care were according to the 
Committee on the Ethics of Animal Experiments in East China Normal 
University (f20201001) and the Care and Use of Laboratory Animals in 
China. 

2.2. Experimental diets 

Three experimental diets supplemented with graded levels of myo- 
inositol (0, 1600 and 3200 mg/kg) were prepared according to our 
previous study (Bu et al., 2022c). First, the ingredients were grounded to 
pass a 60-mesh sieve. Then the water (400 mL/kg) was added to the 
weighed ingredients, stirring the mixture thoroughly. At last, the 
mixture was made into pellets and dried to about 10% of moisture. 
Finally, the stock solution of myo-inositol was dissolved in distilled 
water and supplemented with the diets to reach desired doses. The 
formulation and proximate composition of diets are shown in Supple-
mentary Table S1. 

2.3. Animals and feeding trial 

Male E. sinensis (pre-reproductive molting stage) were obtained from 
Mao Farming Base in Huzhou in late August. Before the feeding trial, 

male crabs were settled in the 2000 L concrete ponds to acclimatize to 
the experimental environment for 7 days. The 144 healthy male crabs 
(87.90 ± 14.65 g) were randomly distributed to the 144 square hollow 
plastic baskets (36 cm × 26 cm × 20 cm). Crabs were housed individ-
ually, with 48 crabs per experimental diet. The male crabs were fed 2% 
of the body weight daily at 08:00 and 20:00 h for 12 weeks. Feces and 
residual diets were removed daily, and 50% of the total water volume 
was changed. The experimental culture conditions are identical to our 
previous study (Bu et al., 2022c). Briefly, the water temperature was 23 
± 3 ◦C, and pH was 8.0 ± 0.4. Ammonia and nitrogen concentrations 
were <0.05 mg/L and dissolved oxygen was >7.0 mg/L. 

2.4. Sampling 

After the feeding trial, the male crabs with a similar date of repro-
ductive molting (within 10 days) were collected and weighed to deter-
mine their weight gain (WG) after being starved for 24 h. The 1 mL 
hemolymph was extracted on the base of the third walking leg from six 
crabs, respectively, and then centrifuged at 3500 g for 10 min at 4 ◦C to 
collect the supernatant. The hepatopancreas, gonads and muscle sam-
ples from six male crabs were obtained to determine hepatosomatic 
index (HSI), gonadosomatic index (GSI), accessory gland index (AGI), 
meat yield and edible part, respectively. The hepatopancreas, accessory 
gland and muscle samples were collected and frozen in liquid nitrogen 
and then stored at − 80 ◦C until use. The calculations are as follows: 

WG  (%)= 100 ×
(Final  body  weight − initial  body  weight)

initial  body  weight  

HSI  (%)= 100 ×
Hepatopancreas  wet  weight

body  wet  weight  

GSI  (%)= 100 ×
gonad  wet  weight
body  wet  weight  

AGI  (%)= 100 ×
accessory  gland  wet  weight

body  wet  weight  

Meat  yield  (%)= 100 ×
meat  wet  weight
body  wet  weight  

Edible  part  (%)=HSI + GSI + meat  yield  

2.5. Proximate composition analysis 

The proximate composition of diets, the hepatopancreas, accessory 
gland and muscle samples were analyzed using the standard method 
(AOAC, 2000). The proximate composition in these tissue samples from 
six crabs was measured individually. The moisture of the hepatopan-
creas, accessory gland and muscle samples was measured by gravimetric 
analysis using a freeze dryer. The crude protein was determined using 
the Kjeldahl method (KjeltecTM 8200). The total lipid was measured by 
the chloroform/methanol method (Folch, Lees, Sloane, & Gerald, 1957). 

2.6. Real-time polymerase chain reaction (PCR) analysis 

Total RNA was extracted from the hepatopancreas and muscle 
samples by RNAisoPlus (Takara, Dalian, China) and then was reverse 
transcribed into cDNA using PrimeScriptTM RT Reagent kits (Takara, 
Dalian, China). The PCR program and reaction system were arranged 
according to our previous study (Bu et al., 2022c), and the PCR was 
conducted in the CFX96 Real-Time PCR system (Bio-Rad). The primers 
used in the present study are shown in the Supplemental Table S2. In 
addition, the β-actin and S27 were used as the reference genes. The gene 
expression levels were quantified by the 2–ΔΔCT comparative CT method 
(Livak & Schmittgen, 2001). 
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Fig. 1. Effects of dietary myo-inositol on growth performance, gonadal development and edible yield of male Eriocheir sinensis. Values are means (n = 6) with 
standard errors represented by vertical bars. Different lowercase indicates significant difference among the groups (P < 0.05). WG, weight gain; GSI, gonadosomatic 
index; HSI, hepatosomatic index; AGI, accessory gland index. 

Fig. 2. Effects of dietary myo-inositol on the nutritional composition of the edible part of male Eriocheir sinensis. Values are means (n = 6) with standard errors 
represented by vertical bars. Different lowercase indicates significant difference among the groups (P < 0.05). 
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2.7. Metabolomic analysis 

The metabolites of muscle samples (50 mg) from six crabs were 
pooled as three samples in each group and were extracted using a 400 μl 
methanol: water (4:1, v/v) solution with L-2-chlorophenylalanine as an 
internal standard. The LC-MS analysis was performed by Thermo 
Fisher’s UHPLC-Q Exactive HF-X system. In addition, differential 
metabolite analysis and KEGG functional analysis were performed in the 
Mega Bio Cloud Platform (www.majorbio.com). The detailed analysis 
procedure is shown in the Supplementary File. 

2.8. Free amino acid (FAA) and fatty acid analysis in muscle 

The FAA in the muscle was extracted according to the trichloroacetic 
acid method (Konosu, 1982). The FAA levels were determined by an 
automatic amino acid analyzer L-8500 (Hitachi, Japan). The fatty acid 
composition in the muscle samples was determined by the method in our 
previous study (Bu et al., 2022a) using a gas chromatograph coupled to a 
mass spectrometer (GSMS-QP 2010 SE, Shimadzu, Tokyo, Japan). 

2.9. Statistical analysis 

The data were shown as mean ± standard error of the mean (SEM), 
which were analyzed using SPSS 20.0 software. Normality and homo-
scedasticity assumptions were checked prior to the statistical analysis. 
One-way ANOVA and Duncan’s multiple range tests were used to 
analyze group differences. The data were considered to be statistically 
significant at P < 0.05. 

3. Results and discussion 

3.1. Growth performance, gonadal development and edible yield 

Myo-inositol, as a growth promoter, has been widely used in the diets 
of many aquatic animals (Gong et al., 2014). Given the low supple-
mentation levels in diets and low price, myo-inositol may be an ideal 
feed additive in the aquaculture industry to obtain high-quality aquatic 
products, which has a great economic value for the aquaculture industry 
(Cui et al., 2022). Our previous study also found that dietary 

Fig. 3. Effects of dietary myo-inositol on muscle metabolome and gene expression related to protein synthesis in the muscle and hepatopancreas of male Eriocheir 
sinensis. (A, B) KEGG functional analysis in the muscle in the groups with 1600 mg/kg or 3200 mg/kg myo-inositol versus without myo-inositol supplementation. (C, 
D) The expression of genes related to protein synthesis in the muscle (C) and hepatopancreas (D) of male Eriocheir sinensis. Values are means (n = 6) with standard 
errors represented by vertical bars. Different lowercase indicates significant difference among the groups (P < 0.05). 
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myo-inositol could improve the growth performance by promoting lipid 
mobilization and improving the health status of juvenile E. sinensis (Bu 
et al., 2022b, 2022c). A similar result was found in the present study. 
Dietary myo-inositol supplementation also significantly increased the 
weight gain of male E. sinensis in the fattening stage (P < 0.05, Fig. 1). 
No significant difference was observed in HSI of crabs among the groups 
(P > 0.05). Moreover, dietary myo-inositol also positively influenced the 
gonadal development of male crabs in the present study. For example, 
dietary myo-inositol supplementation significantly increased AGI by 
1.50–1.98-fold compared to the group without myo-inositol supple-
mentation (P < 0.05), Moreover, dietary myo-inositol also increased the 
GSI of male E. sinensis. The possible reason is that the metabolites of 
inositol, such as inositol phosphates and inositol phospholipids act as 
second messengers and are involved in the biosynthesis and secretion of 
endocrine hormones to promote the gonadal development of crabs 
(Moser, Roth, & Kirchgessner, 1996; Norton, Vigne, & Skinner, 1994; 
Williamson, Cooper, Joseph, & Thomas, 1985). However, the specific 
mechanism needs to be further explored. Generally, the flesh and 
accessory gland are the main edible parts of male crabs. Furthermore, 
the present results showed that dietary myo-inositol markedly increased 
meat yield and edible part of male E. sinensis (P < 0.05). Therefore, 
myo-inositol may increase weight gain and edible part by enhancing the 
flesh and accessory gland contents. 

3.2. Nutritional composition of the edible part 

The nutritional composition of edible parts generally represents the 
nutritional quality of crustaceans as food for consumers (Yuan et al., 
2020). The nutritional composition of hepatopancreas, accessory gland 
and muscle of E. sinensis is shown in Fig. 2. The moisture, crude protein 
and total lipid contents of hepatopancreas and accessory gland were not 
significantly influenced by dietary myo-inositol levels (P > 0.05). No 
significant difference was observed in the moisture content in the muscle 
of E. sinensis (P > 0.05). However, dietary myo-inositol significantly 
increased the crude protein content and decreased total lipid content in 
the muscle of male E. sinensis (P < 0.05). Similarly, in a previous study, 
dietary myo-inositol supplementation increased the body protein depo-
sition of gibel carp (Gong et al., 2014). These results indicate that 
myo-inositol may contribute to the protein deposition in the muscle of 
male E. sinensis. However, the mechanism by which myo-inositol in-
fluences the muscle protein content remains unclear. One possible 
reason is that myo-inositol may promote lipid mobilization in the mus-
cle, reducing protein consumption as an energy substrate (Bu et al., 
2022c). On the other hand, the metabolite of myo-inositol, phosphati-
dylinositol triphosphate, was involved in activating the phosphatidyli-
nositol 3-kinase (PI3K)/protein kinase B (AKT)/target of rapamycin 
(mTOR) pathway, which could promote the protein synthesis (Jhan-
war-Uniyal et al., 2019). 

3.3. Metabolome and gene expression related to protein metabolism 

A metabolome was performed to understand further the effects of 
myo-inositol on nutrient metabolites in muscle. KEGG functional anal-
ysis showed that differential metabolites in 1600 mg/kg (45.00%) and 
3200 mg/kg (38.78%) myo-inositol groups were mainly associated with 
metabolism compared with the group without myo-inositol (Fig. 3). 
Moreover, dietary myo-inositol supplementation increased differential 
metabolites related to amino acid metabolism compared with other 
metabolic processes (Fig. 3 and Supplemental Table S3). These results 
prove that myo-inositol is vital in amino acid metabolism and protein 
synthesis. Muscle and hepatopancreas were chosen as the target tissues 
to investigate further the possible pathway through which myo-inositol 
promotes protein synthesis. Generally, the mTOR pathway is essential 
for regulating protein synthesis in animals (Wang & Proud, 2006). In the 
present study, dietary myo-inositol supplementation significantly 
up-regulated the gene expression of mtor in the hepatopancreas and 

muscle of male E. sinensis (P < 0.05). This result suggests that 
myo-inositol may promote muscle protein deposition through 
up-regulating the gene expression of mtor. It has been reported that 
protein synthesis is mediated by mTOR mainly through the regulation of 
two critical downstream pathways, such as eukaryotic translation 
initiation factor 4E binding protein 1 (4EBP1) and S6 Kinase 1 (S6K) 
(Wang, Rhodes, & Lawrence, 2006). Among them, phosphorylation of 
S6K can activate S6, which regulates the process of protein translation 
(Kim & Guan, 2011). In addition, phosphorylation of 4EBP1 causes the 
release of eukaryotic translation initiation factor 4E (EIF4E), which 
regulates the process of translation initiation (Wang et al., 2006). In the 
present study, dietary myo-inositol supplementation significantly 
up-regulated the gene expression of s6, s6k and 4e-bp1 in the muscle and 
hepatopancreas and up-regulated the mRNA levels of eif4e in the muscle 
of male E. sinensis (P < 0.05). These results suggested that dietary 
myo-inositol may promote muscle protein deposition by up-regulating 
protein synthesis-related gene expression in male E. sinensis. 

Previous studies have demonstrated that phosphatidylinositide 3-ki-
nases (PI3Ks) and their downstream mediators, protein kinase B (also 
known as AKT), constituted a crucial upstream pathway of mTOR 
regulating various cellular metabolic processes (Acosta-Martinez, 
2012). In addition, phosphatidylinositol diphosphate (the metabolite of 
myo-inositol) can be catalyzed by PI3K and converted to phosphatidy-
linositol triphosphate, which could activate AKT (Czech, 2000). In the 
present study, dietary myo-inositol supplementation significantly 
up-regulated the mRNA levels of pi3k and akt in the hepatopancreas and 
akt in the muscle of male E. sinensis (P < 0.05). Similarly, a previous 
study found that d-chiro-inositol (other isomers of inositol) could acti-
vate PI3K/AKT pathway (Cheng et al., 2019). Therefore, the results in 
the present study suggested that myo-inositol may be involved in pro-
moting an increase in muscle protein content of male E. sinensis by 
regulating the gene expression involved in PI3K/AKT/mTOR pathway. 

3.4. Fatty acid composition of crab meat 

Fatty acid composition is also one of the most critical indicators for 
evaluating the nutritional value of aquatic products because fatty acids 
have various physiological functions in organisms (Chae, Kim, Choi, 
Cho, & An, 2019). In the present study, the highest relative levels of 
C15:0, C17:0, C17:1, C20:4n-6 and C22:5n-3 and the lowest relative 

Fig. 4. Heatmap of fatty acid composition in the muscle of male Eriocheir 
sinensis fed different diets. The values of up-regulation (red) and down- 
regulation (blue) represent log2 fold changes. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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C18:2n-6 level were observed in crabs fed a diet with 3200 mg/kg 
myo-inositol (Fig. 4, Supplemental Table S4). Furthermore, dietary 
myo-inositol significantly increased the relative levels of C20:5n-3 and 
highly unsaturated fatty acids (HUFA) and decreased polyunsaturated 
fatty acids (PUFA) in the muscle of male E. sinensis compared with the 0 
mg/kg myo-inositol group (P < 0.05). Similarly, our previous study 
found that dietary myo-inositol supplementation could increase the 
HUFA levels in the hepatopancreas of juvenile E. sinensis fed palm oil 
and olive oil-based diets (Bu et al., 2022a). Generally, it is known that 
HUFA, especially n-3 HUFA, are important for the prevention of various 
human diseases and have health benefits for humans (Larsen, Eilertsen, 
& Elvevoll, 2011; Tou, Jaczynski, & Chen, 2007). Moreover, some n-6 
PUFA, such as linoleic acid (C18:2n-6), could induce the production of 
pro-inflammatory cytokines, which may increase the risk of some dis-
eases in humans (Larsen et al., 2011). Therefore, the results in the pre-
sent study suggested that dietary myo-inositol may enhance the 
nutritional value of flesh in male E. sinensis, providing potential health 
benefits to consumers. However, the mechanism of myo-inositol in 

regulating fatty acid metabolism in male crabs is not clear and deserves 
further investigation. 

3.5. Free amino acid composition of flesh 

In addition to the nutritional quality of flesh, the flavor also de-
termines the human consumption behavior of aquatic products (Hardy 
& Lee, 2010). Crabs are one of the most popular aquatic products among 
consumers because of the umami and sweetness of their flesh, which is 
mostly due to the free amino acids (Luo et al., 2021; Wang et al., 2016). 
The effect of dietary myo-inositol on free amino acid composition in the 
flesh of male E. sinensis is shown in Fig. 5 and Supplemental Table S5. 
The highest free aspartic acid level in the muscle was observed in the 
crabs fed diet with 3200 mg/kg myo-inositol. Dietary myo-inositol 
significantly reduced the contents of free histidine and free methionine 
in the crab muscle compared with that fed diet without myo-inositol 
supplementation (P < 0.05). However, the highest free phenylalanine 
and free lysine contents were observed in crabs fed a diet with 1600 

Fig. 5. Effects of dietary myo-inositol on free amino acid composition in the muscle of male Eriocheir sinensis. (A) The values of the radar map represent log2 fold 
changes. (B) Values are means (n = 6) with standard errors represented by vertical bars. Different lowercase indicates significant difference among the groups (P 
< 0.05). 

Fig. 6. The influence of dietary myo-inositol nutrition strategy on nutritional value and flavor of muscle of male Eriocheir sinensis. Pink color represents the up- 
regulation of indicators. Gray color represents no significant difference in indicators. (For interpretation of the references to color in this figure legend, the 
reader is referred to the Web version of this article.) 
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mg/kg myo-inositol. No significant differences were found in the total 
levels of sweet and bitter amino acids among the groups (P > 0.05). 
Dietary myo-inositol supplementation markedly enhanced the total 
umami amino acid level in the muscle of male E. sinensis (P < 0.05). 
These results suggested that dietary myo-inositol may be able to enhance 
the umami of male crab flesh. Unfortunately, no evidence has been re-
ported on the relationship between myo-inositol and free amino acids. 
Generally, free amino acids play an important role in maintaining 
cellular osmotic balance and cell volume in invertebrates (Hosoi, 
Kubota, Toyohara, Toyohara, & Hayashi, 2003; Somero & Bowlus, 
1983). Moreover, myo-inositol is one of the essential compatible osmo-
lytes, which can maintain normal cell development and protect cells 
from stress (Bu et al., 2021). Presumably, myo-inositol may conserve 
certain free amino acids, especially those with an umami taste, for 
maintaining cellular osmolarity homeostasis in normal cell develop-
ment, thus contributing to the regulation of flesh flavor. Further studies 
need to be conducted to confirm the mechanism of myo-inositol in 
regulating the flavor of crab flesh. 

4. Conclusions 

To overview, the results of the present study demonstrated that myo- 
inositol plays an essential role in improving the nutritional value and 
flavor of male E. sinensis muscle. Dietary myo-inositol could increase the 
edible yield and the HUFA level in crab muscle, and could promote 
muscle protein deposition by up-regulating protein synthesis to increase 
the nutritional value of male E. sinensis for humans (Fig. 6). In addition 
to nutritional value, the umami of crab flesh was enhanced by dietary 
myo-inositol supplementation. These findings provide new insight into 
improving the nutritional and flavor quality of E. sinensis flesh using 
myo-inositol nutrition strategy. Meanwhile, given the low supplemen-
tation levels in diets and low prices, the proper use of myo-inositol in 
diets has a great economic value for crab farming. 
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