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Mud crab (Scylla paramamosain) fed five different diets with varying concentrations of 
guava leaf aqueous extract (0 mg·kg–1, 80 mg·kg–1, 160 mg·kg–1, 320 mg·kg–1, and 640 
mg·kg–1) for 30 days. Mud crabs in the 320 mg·kg–1 guava-leaf extract groups 
outperformed the control group in terms of survival rates (SR), weight gain rates (WGR), 
and specific growth rates (SGR). When compared to the control group, mud crabs in the 
320 mg·kg–1 guava-leaf extract groups had significantly higher levels of lipase (LPS), 
pepsin, lysozyme (LZM), superoxide dismutase (SOD), acid phosphatase (ACP), and 
glutathione (GSH) (P < 0.05). The amylase (AMS) activity was significantly decreased in 
all experimental groups (P < 0.05). Malondialdehyde (MDA) content in the 
hepatopancreas of mud crabs in the 160 mg·kg–1, 320 mg·kg–1, and 640 mg·kg–1 

guava-leaf extract groups were significantly reduced compared to the control group (P < 
0.05). Additionally, real-time PCR results illustrated that the expression levels of GPx3, 
CAT, and JNK were all considerably increased in the 80 mg·kg–1 guava-leaf extract groups 
compared to the control group (P < 0.05). In the 160 mg·kg–1, 320 mg·kg–1, and 320 
mg·kg–1 guava-leaf extract groups, the expression levels of SOD genes were considerably 
greater than the control (P < 0.05), which was consistent with the level of SOD activity. 
GST and P53 gene expression levels were significantly up-regulated in the 80 mg·kg–1, 
160 mg·kg–1, 320 mg·kg–1, and 640 mg·kg–1 guava-leaf extract groups compared to the 
control group (P < 0.05). Overall, the addition of 160 mg·kg–1-320 mg·kg–1 guava-leaf 
extract to the feed of Scylla paramamosain promoted growth, enhanced the activities of 
digestive and antioxidant enzymes, and strengthened immunity. 

INTRODUCTION 

Mud crab (Scylla paramamosain) is the most cultured 
species in the southeast coast of China. The advantage of 
S. paramamosain is rapid growth, delicious meat, and high 
nutritional value.1 However, as mud crab farming has in
creased, mud crab sickness has become a more serious con
cern (Cheng et al., 2021). Mud crab is not only under pres
sure from environmental factors such as temperature and 
heavy metals but also from viral diseases such as Scylla 
Serrata reovirus, Mud Crab Dicistrovirus-1, and bacterial 
pathogens such as Vibrio harveyi. Disease prevention for 
mud crabs is now an urgent issue. The use of antibiotics and 
chemicals not only damages the water column and leads to 

changes in plankton abundance, but may also have toxic ef
fects on aquatic organisms and soil.2 Chinese herbal medi
cines have been increasingly researched and used to control 
disease because of their low residue and they are less sus
ceptible to the development of drug resistance.3 

Many Chinese herbal medicines promote the growth of 
aquatic animals, due to their antibacterial and germicidal 
effects, and also strengthen immunity and resistance to 
disease.4 Astragalus caudiculosus extract was found to im
prove the growth, antioxidant status, and immune response 
of rainbow trout.5 Additionally, a dietary Chinese herbal 
medicine mixture improved the growth performance, en
teric trypsin activity, body protein content, non-specific 
immunity, and antioxidant capacity of European eels.6 
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Guava leaves are the dried leaves and leafy shoots of 
the guava tree (Psidium guajava L.), and contain a variety 
of chemical constituents such as flavonoids, quercetin, and 
terpenoids.7 Modern pharmacological research has demon
strated that guava leaves have antioxidant, antiviral, and 
antibacterial activities.8 Previous research demonstrated 
that guava-leaf extract can improve the immunity of Labeo 
rohita.9 Moreover, guava also greatly reduced the mortality 
rate of Oreochromis mossambicus and increased its resis
tance to Aeromonas hydrophila.10 Guava-leaf extract were 
also shown to provide considerable growth-promoting and 
immune-boosting effects in shrimp.11 

Therefore, guava-leaf extract is a promising feed addi
tive in aquaculture. Aqueous extracts of guava leaves are 
used as feed supplements to effectively increase the immu
nity of mud crabs. To improve the pharmacological stud
ies on Chinese herbal medicine in the mud crab. To give a 
theoretical foundation for the manufacture of herbal med
icines and feed additives. In this study, mud crabs were 
fed diets containing different concentrations of guava leaf 
aqueous extract to assess the effects on growth, digestion 
and antioxidant enzyme activity, and non-specific immu
nity. 

MATERIALS AND METHODS 
ETHICAL STATEMENT 

All experiments were approved by the Animal Care and 
Use Committee of the South China Sea Fisheries Research 
Institute, Chinese Academy of Fishery Sciences (No. SCS
FRI96–253) and were performed according to the regula
tions and guidelines established by the committee. 

PREPARATION OF EXPERIMENTAL FEED 

Crushed guava leaves (12 g) were decocted twice and the 
liquid was mixed, and filtered to remove residue. The fil
trate was boiled over a gentle flame to 1.2 L. An aqueous 
extract of 10 g·L–1 of guava leaves was obtained. The guava-
leaf extract of 0 mg·kg–1, 80 mg·kg–1, 160 mg·kg–1, 320 
mg·kg–1, and 640 mg·kg–1 was added to the basal feed (Sur
green, Qingdao, China), stirred and mixed well. The diets 
were air-dried at 38°C in a drying cabinet and stored at 4°C. 

EXPERIMENTAL ANIMALS AND CULTURE MANAGEMENT 

Mud crabs (15 ± 2.00 g) were purchased from Jiangmen, 
Guangdong Province, China. The water salinity was 10‰, 
temperature was 24 ± 2°C, and dissolved oxygen content 
was 6.50 ± 0.20 mg·L−1. Mud crabs were provided basic food 
twice daily until 24 hours prior to the start of the trial. 

Five groups, including 0 mg·kg–1(control), 80 mg·kg–1, 
160 mg·kg–1, 320 mg·kg–1, and 640 mg·kg–1 guava-leaf ex
tract groups, each containing four parallel groups and 10 
crabs each, were used in the experiment. To provide shelter 
and cover for the mud crabs, mock plants (seven forks of 32 
leaves; height, 33 cm; spread diameter, 20 cm) were placed 
at random intervals in each box (0.20 m × 0.35 m × 0.35 
m). All culture boxes had constant aeration, natural light

ing, and darkness. Each day, feeding was provided at 8:00 
and 17:00 at a rate of 8% to 10% of the crab mass. At 18:00, 
the water was changed at a rate of 30%. 

GROWTH PERFORMANCE 

At the beginning and the end of the 30-day feeding trial, 
all crabs were weighed and growth performance parameters 
were calculated using the formulas below. Before weighing, 
the crabs were fasted for 24 h. 

Weight gain (WG, %) = (WT− W0)/W0 × 100; 
Specific growth rate (SGR, %/day) = (ln WT− ln W0)/d × 

100%; 
Survival rate (SR, %) = (N0−NT)/N0 × 100%; 
Where W0 and WT are the initial body weight (g) and fi

nal body weight (g) of crabs, respectively, and N0 and NT are 
the final numbers of crabs and an initial number of crabs, 
respectively. 

SAMPLE 

After reared for 30 days and weighed, six mud crabs were 
randomly selected from each group, for a total of 30 mud 
crabs in five groups. The extracted mud crabs were put into 
ice for 1-3 minutes for low temperature anesthesia, then 
the mud crab body surface was disinfected with 75% al
cohol, dissected and sampled. One sample of gastric tis
sue was taken from each mud crab, stored at -80°C and 
digestive enzyme activity was determined. One sample of 
hepatopancreas tissue was taken from each mud crab and 
stored at -80°C for determination of antioxidant enzyme 
and immune enzyme activities. Two parallel crab he
patopancreas tissues were combined into one sample, with 
three biological replicates per group, then hepatopancreas 
tissues were stored in RNA Sample Preservation Solution 
(TIANGEN, Beijing, China) at 4°C overnight and -80°C for 
long-term storage. 

DIGESTIVE ENZYME ACTIVITY ASSAY 

Accurately weighed gastric tissue (0.1 g) was added to phos
phate buffered saline (PBS) buffer and homogenized with 
a sample freezer grinder to obtain 10% gastric tissue ho
mogenate, which was centrifuged at 3000 g for 15 min. 
The supernatant was collected for further analysis. Amylase 
(AMS) activity was measured using the method of Bern
feld.12 Pepsin activity was determined using casein as a 
substrate and reacting with Folin’s reagent (Anson M, 
1933).13 Lipase (LPS) activity was determined using McKel
lar and Cholette.14 The reagents were used in commercial 
assay kits (JianCheng, Nanjing, China). All reagents are 
provided in kits. 

ANTIOXIDANT ENZYME ACTIVITY ASSAY 

Accurately weighed hepatopancreatic tissue (0.1 g) was 
added to PBS buffer and homogenized with a sample freezer 
grinder to obtain 10% hepatopancreatic tissue homogenate, 
which was centrifuged at 8000 g for 15 min. The super
natant was collected for further analysis. Total antioxidant 
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Table 1. Real-time PCR primer sequences     

Primer name The nucleotide sequence (5'-3') Reference 

18s 
F: CCTCGTTCATGGGAGACAAT 

(Cheng et al.16; Cheng et al.17; Cheng et al., 2020c) 
R: CTAGTCGACGGATCTCCAGC 

P53 
F: AAGCAAGTCAATGAACGCTATGTG 

(Cheng et al.16; Cheng et al., 2021e; Cheng et al., 2020d) 
R: AATGGGCTGCGAAGGACG 

CAT 
F: CGGGCAGCCGAGCAAC 

16,17 

R: GATGTCCTGTAGCAGAATGGGTC 

GST 
F: CACAGCCCATTCGCCTCC 

(Cheng et al., 2021e) 
R: GGTCATACTTGCGTCCCAGATAG 

GPx3 
F: TCTGTTACCGCTGGTGGCTG 

17 

R: TGTGAACCGTTTAGTGTTTTGGC 

SOD 
F: ATCCTCAGGTGGCTGCTATGTT 

16,17 

R: CCAGAAGATGGTATGGTTCAAATG 

JNK 
F: TATGTTGA AAACCGTCCTCGC 

(Cheng et al., 2021e) 
R: CCACACTTATCCTGCGTTCTG 

capacity (T-AOC) was measured by reducing Fe3+ to Fe2+, 
which forms a solid complex with pheophorbides. Super
oxide dismutase (SOD) activity was measured by its ability 
to inhibit the superoxide anion produced by the xanthine 
and xanthine oxidase reaction system. One unit of activity 
was defined as the amount of enzyme required to produce 
a semi-inhibition of color formation at 450 nm. Malondi
aldehyde (MDA) levels were determined using the method 
described by Buege and Aust.15 Glutathione activity was 
determined colorimetrically and quantitatively by reacting 
with dithiodinitrobenzoic acid to produce a yellow com
pound. The reagents were used in commercial assay kits 
(JianCheng, Nanjing, China), all reagents are provided in 
kits. 

IMMUNOENZYMES 

Accurately weighed hepatopancreatic tissue (0.1 g) was 
added to PBS buffer and homogenized with a sample freezer 
grinder to obtain 10% hepatopancreatic tissue homogenate, 
which was centrifuged at 5000 g for 15 min. The super
natant was collected for further analysis. Both alkaline 
phosphatase (AKP) and Acid phosphate (ACP) decompose 
sodium benzodiphosphate to produce free phenol and 
phosphate. To determine the level of enzyme activity, the 
phenol is oxidized in alkaline solution containing 4-amino 
antipyrine by potassium ferricyanide to produce a red 
quinone derivative. Lysozyme (LZM) activity was deter
mined according to the method of Demers and Bayne. 
Briefly, hepatopancreas samples were mixed with Micro
coccus lysodiekticus suspension in phosphate citrate buffer 
(pH 5.8), and the turbidity was read at 450 nm to calculate 
the lysozyme activity (μg /mL.). Glutathione (GSH) activity 
was measured using the colorimetric method. The reagents 
were used in commercial assay kits (JianCheng, Nanjing, 
China), all reagents are provided in kits. 

REAL-TIME PCR 

The expression of GPx3, JNK, SOD, CAT, GST, and P53 genes 
in the hepatopancreas of crabs was measured. Total RNA 
was extracted using Trizol reagent (Invitrogen, USA) ac
cording to the manufacturer’s protocol. cDNA synthesis 
was performed using a PrimeScript RT reagent Kit with 
gDNA Eraser (Takara, Dalian, China). Real-time PCR was 
conducted using SYBR Premix Ex Taq II (Takara, Dalian, 
China) on a qTOWER384G Real-Time PCR Thermal Cycler 
(Analytik Jena, Germany). The initial denaturation was per
formed at 95 °C for 10 min, and elongation was performed 
at 95 °C for 5 s, and at 60°C for 20 s for 40 cycles. Each 
test was repeated three times. The RNA purity was assessed 
using a NanoDrop spectrophotometer (Thermo Scientific, 
USA), and the RNA integrity was checked by running the 
samples on a 1.2% agarose gel. The primer sequences used 
for real-time PCR are shown in Table 1 . The data were ana
lyzed using the 2-ΔΔCT method with 18s rRNA as the inter
nal control. 

STATISTICAL ANALYSES 

Data were assessed by analysis of variance (ANOVA) with 
the quadratic model in SPSS version 25.0 (SPSS Inc., 
Chicago, IL, USA). Data were tested for normality using the 
Shapiro-Wilk test and for homogeneity of variances using 
Tukey tests prior to being subjected to ANOVA. Differences 
were considered significant at P < 0.05. The results are pre
sented as the mean ± SE. 

RESULTS 
GROWTH PERFORMANCE 

The growth performance of the different experimental crab 
groups is presented in Table 2 . Among all crab groups, the 
most favorable results were obtained for the 320 mg·kg–1 

guava-leaf extract group. The WT in the 320 mg·kg–1 guava-
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Table 2. Effects of dietary guava leaf aqueous extract on growth performance of            Scylla paramamosain   

W0 g WT g WGR % SGR % SR % 

Control 15.54±0.62a 16.86±0.48a 8.82±3.84a 0.28±0.12a 43.13±8.19a 

80 mg·kg–1 14.30±0.35a 16.68±0.45a 16.74±3.04ab 0.51±0.09ab 50.00±0.00a 

160 mg·kg–1 14.83±0.49a 17.98±0.37a 21.62±5.98b 0.64±0.17b 43.33±8.17a 

320 mg·kg–1 14.58±0.36a 19.95±0.35b 36.92±2.85c 1.05±0.07c 79.58±3.44b 

640 mg·kg–1 14.48±0.43a 16.65±0.51a 15.23±4.08ab 0.47±0.12ab 42.71±8.85a 

Data are presented as mean ± error (SE). N = 40. Different letters in the same column indicate significant differences between groups (P < 0.05). W0: initial body weight; WT: final 
body weight; WG: Weight gain; SGR: Specific growth rate; SR: The survival rate. 

leaf extract group was substantially greater than that in the 
control group (P < 0.05). The 320 mg·kg–1 guava-leaf ex
tract group also had the highest SR (P < 0.05). WG and SGR 
showed an increasing trend followed by a decreasing trend, 
with the 160 mg·kg–1 and 320 mg·kg–1 guava-leaf extract 
groups being significantly higher than that of the control 
group (P < 0.05) (Table 2 ). 

DIGESTIVE ENZYMES ACTIVITIES 

The feeding of guava-leaf extract affected digestive enzyme 
activity in the gastric tissues of mud crabs. The AMS activ
ity of the experimental groups was significantly decreased 
compared to the control group (P < 0.05) (Figure 1 ). The 
pepsin activity in gastric tissues increased with the increase 
in the level of guava-leaf extract in the feed, and the pepsin 
activity in the 320 mg·kg–1 and 640 mg·kg–1 guava-leaf ex
tract groups was significantly decreased compared to the 
control group (P < 0.05) (Figure 1 ). Lipase activity in gastric 
tissues tended to increase and then decrease with increases 
in the levels of guava-leaf extract in feed. Lipase activity in 
the 320 mg·kg–1 guava-leaf extract group was significantly 
higher than that in the control group (P < 0.05) (Figure 1 ). 

ANTIOXIDANT ENZYMES ACTIVITIES 

The results of one-way ANOVA indicated that the addition 
of different amounts of guava-leaf extract to feed had sig
nificant effects on SOD activity, and MDA, and GSH content 
in mud crabs (P < 0.05), but not on T-AOC (P > 0.05) (Figure  
2). SOD activity was significantly higher in the 320 mg·kg–1 

guava-leaf extract group than the control group (P < 0.05) 
and significantly lower in the 640 mg·kg–1 guava-leaf ex
tract group (P < 0.05) (Figure 2 ). MDA activity was signifi
cantly decreased in the 160 mg·kg–1, 320 mg·kg–1, and 640 
mg·kg–1 guava-leaf extract groups compared to the con
trol group (P < 0.01), and significantly decreased in the 80 
mg·kg–1 guava-leaf extract group (P < 0.05) (Figure 2 ). T 
The GSH levels in hepatopancreas tissue were significantly 
higher in the 320 mg·kg–1 guava-leaf extract group than in 
the control group (P < 0.05) (Figure 2 ). 

IMMUNOENZYMES ACTIVITIES 

The results of one-way ANOVA showed that the addition of 
different amounts of guava-leaf extract to feed had a sig
nificant effect on LZM and ACP activities in mud crabs (P < 
0.05), but not on AKP activity (P > 0.05) (Figure 3 ). LZM ac

tivity was significantly elevated in the 160 mg·kg–1 and 320 
mg·kg–1 guava-leaf extract groups compared to the control 
group (P < 0.05) (Figure 3 ), while ACP activity was signifi
cantly elevated in the 320 mg·kg–1 guava-leaf extract group 
(P < 0.05) (Figure 3 ). 

GENE EXPRESSION 

The expression of the relevant genes was measured and 
summarized in Figure 4 . The level of GPx3 gene expression 
in hepatopancreatic tissue showed a trend of increasing and 
then decreasing with increasing amounts of guava-leaf ex
tract in the feed. The 80 mg·kg–1 guava-leaf extract group 
was also upregulated compared to the control group (P < 
0.05). The expression levels of the CAT gene were elevated 
in the experimental groups compared to the control group, 
with expression in the 80 mg·kg–1 and 640 mg·kg–1 guava-
leaf extract groups being significantly higher than the con
trol group (P < 0.05). The expression levels of JNK genes 
were elevated in the experimental groups compared to the 
control group, with the 80 mg·kg–1 guava-leaf extract group 
being significantly higher (P < 0.05). The expression levels 
of SOD genes in hepatopancreatic tissues showed a trend 
of increasing and then decreasing, which was consistent 
with the SOD activity levels. All experimental groups exhib
ited higher levels of SOD expression compared to the con
trol group, with the levels in the 80 mg·kg–1, 160 mg·kg–1, 
and 320 mg·kg–1 guava-leaf extract groups significantly in
creased (P < 0.05). The expression levels of GST and P53 
genes were significantly up-regulated in all experimental 
group compared to the control group (P < 0.05). 

DISCUSSION 

Chinese herbs are widely used in aquaculture as alternative 
functional additives to antibiotics because of their low cost 
and non-toxicity, numerous studies have demonstrated 
that Chinese herbs can promote the growth, digestive en
zyme activity, immune response, and antioxidant capacity 
of aquatic animals.18 The addition of Astragalus and Wolf
berry to feed can enhance the growth of grass carp and 
tilapia.19 Similar to the findings of previous studies, the SR 
of mud crabs in all experimental groups in this study was 
higher than that of the control group. The SR of the 320 
mg·kg–1 guava-leaf extract group was 30% higher than the 
control group. The WG and SGR of the 320 mg·kg–1 guava-
leaf extract group were increased compared to that of the 
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Figure 1. Effects of dietary guava leaf aqueous extract on digestive enzyme activity in             Scylla paramamosain.   
Data are presented as the mean ± SE. N = 6. Different letters indicate significant differences between groups (P < 0.05). 

control group. Thus, guava leaf aqueous extract exhibited a 
growth-promoting effect on mud crabs when added to feed. 

Guava-leaf extract contain guava leaf polyphenols, 
which regulate the absorption of dietary carbohydrates in 
the intestine.20 In this study, lipase and pepsin activities 
in the gastric tissue of mud crabs were increased in all ex
perimental groups (Figure 1 ). The addition of guava leaf 
aqueous extract to feed could promote the digestion of mud 
crabs. However, Chinese herbal medicine does not improve 
digestion were also reported. Dietary Astragalus polysac
charides, chlorogenic acid, and allicin failed to enhance di
gestion of Litopenaeus vannamei.21 Dietary medicinal herbs 
also failed to significantly improve the growth of juvenile 
red sea bream Pagrus major.22 Nevertheless, other aspects 
performance of animals in those two experiments was en
hanced to different degrees. It was speculated that those 
discrepancies were due to the difference in CHM, which 
would impact another aspect of the body and not just 
growth performance.23 

The antioxidant system of an organism scavenges excess 
reactive oxygen species from the body and provides pro
tection from oxidative damage. Dietary supplementation of 

Chinese herbs and probiotics can improve the antioxidant 
parameters of Nile tilapia.24 Similarly, dietary supplemen
tation of Astragalus polysaccharide, chlorogenic acid, and 
allicin can increase the antioxidant capacity of Litopenaeus 
vannamei.25 

Guava-leaf extract exhibit antioxidant activity and are 
a potent source of natural antioxidants. In this study, the 
antioxidant capacity of hepatopancreas tissue from mud 
crabs fed guava-leaf extract was assessed. The SOD activity 
and GSH content in all experimental groups were signifi
cantly higher than those in the control group, and exhib
ited a trend of first increasing and then decreasing as the 
amount of guava leaf aqueous extract increased. SOD is the 
important enzymes in the antioxidant system. In the pre
sent study, the expression of the SOD gene exhibited the 
same trend as SOD activity. The expression levels of GPx3 
and GST genes of all experimental groups were also higher 
than those of the control group. The sulfhydryl groups of 
GSH, GST, and GPx3 are active groups that readily bind to 
specific drugs and toxins, enabling them to have detoxify
ing effects.26 The MDA content of all experimental groups 
was significantly decreased compared to that of the control 
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Figure 2. Effects of dietary guava leaf aqueous extract on the antioxidant enzyme activity of              Scylla paramamosain .  
Data are presented as the mean ± SE. N = 6. Different letters indicate significant differences between groups (P < 0.05). 

group. MDA content can reflect the degree of lipid per
oxidation in the body. Those results suggest that guava 
leaf aqueous extract can promote the regulation of antiox
idant function in the hepatopancreas of mud crabs. Simi
larly, feeding guava-leaf extract to spot prawns increased 
SOD activity, decreased MDA levels and increased total an
tioxidant capacity.11 Some studies also demonstrated that 
guava-leaf extract increased the activities of antioxidants 
and immune-related enzymes in mud crab. 

The non-specific immunity of animals is closely related 
to their health and directly affects their SR and health of 
animals. Many studies have also shown that herbs can im
prove the immunity of aquatic animals.27 The addition of 
Huanglian Jiedu’s decoction to feed increased resistance to 
lactococcal disease in oregano (Choi et al., 2014). Adding 
Huanglian Jiedu’s decoction to feed increased resistance to 
lactococcal disease in the oregano (Choi et al., 2014a). Sim
ilarly, adding Astragalus and Huanglian to feed increased 
the bactericidal activity of grass carp. Chinese herbs also 
had a healing effect on the traumatic surface of the body 
wall of sea cucumber.28 Guava leaf aqueous extract contain 
compounds that stimulate immune activity29 and the use 

of guava-leaf extract in crab breeding can significantly im
prove the immune capacity of crabs. 

In the present study, ACP and LZM activities were signif
icantly higher in all experimental groups than in the con
trol group. JNK and P53 expression levels were increased 
compared to the control group. Thus, those results indicate 
that guava-leaf extract could improve the immunity of mud 
crabs. ACP enhances the recognition and phagocytosis of 
foreign bodies by blood cells and is the material basis for 
pathogen killing.30 Previous studies have shown that Chi
nese herbs can activate nonspecific immunity by increasing 
lysozyme activity and accelerating phagocytosis.31 LZM is 
also important to the innate immune system of fish. A pre
vious study showed that the addition of guava-leaf extract 
to feed can improve the immunity of spot prawns,11 and 
Oreochromis mossambicus.10 

CONCLUSION 

In conclusion, the addition of guava leaf aqueous extract 
to mud crab feed improved growth, digestion, non-specific 
immune function, and antioxidant capacity. The addition 
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Figure 3. Effects of dietary guava leaf aqueous extract on the immunoenzyme activity of             Scylla paramamosain.   
Data are presented as the mean ± SE. N = 6. Different letters indicate significant differences between groups (P < 0.05). 

of 320 mg·kg–1 guava-leaf extract was optimal in terms of 
SR, WG, SGR, SOD, GSH, MDA, ACP, LZM, and CAT, SOD, 
GST, P53 in this study. Therefore, the recommended level 
of guava leaf supplementation in mud crab feed is 160-320 
mg·kg–1. 
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Figure 4. Effects of dietary guava leaf aqueous extract on gene expression in            Scylla paramamosain .  
Data are presented as the mean ± SE. N = 6. Different letters indicate significant differences between groups (P < 0.05). (A) GPx3 mRNA level; (B) CAT mRNA level; (C) JNK mRNA 
level; (D) SOD mRNA level; (E) GST mRNA level; (F) p53 mRNA level. 

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

(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at 

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information. 

Effects of dietary guava leaf aqueous extract supplementation on growth, antioxidant capacity, and non-specific immunity...

Israeli Journal of Aquaculture - Bamidgeh 8

https://ija.scholasticahq.com/article/77654-effects-of-dietary-guava-leaf-aqueous-extract-supplementation-on-growth-antioxidant-capacity-and-non-specific-immunity-in-mud-crab-_scylla-paramamos/attachment/162809.jpeg


REFERENCES 

1. Gunarto G, Tampangalo BR, Muliani M. The 
Application of Erythromycin, Elbayou, and Rica-1 
Probiotic in the Rearing of Scylla paramamosain Mud 
Crab Larvae Development into the Crablet Stage. 
Thalassas: An International Journal of Marine Sciences. 
2021;37(2):465-475. doi:10.1007/s41208-021-00327-y 

2. Gorito AM, Ribeiro ARL, Rodrigues P, et al. 
Antibiotics removal from aquaculture effluents by 
ozonation: chemical and toxicity descriptors. Water 
Research. 2022;218:118497. doi:10.1016/j.watres.202
2.118497 

3. Zhang W, Zhao J, Ma Y, Li J, Chen X. The effective 
components of herbal medicines used for prevention 
and control of fish diseases. Fish & Shellfish 
Immunology. 2022;126:73-83. doi:10.1016/j.fsi.2022.0
5.036 

4. Ma AM, Yan MC, Chang WS, Xie QL, et al. Effects 
of Chinese herbs on the growth and immune function 
in Sciaenops ocellatus. Marine Science. 
2009;33(12):96-101. 

5. Sönmez AY, Bi̇len S, Taştan Y, Kenanoğlu ON, 
Terzi E. Effects of dietary Astragalus caudiculosus 
(Boiss & Huet, 1856) supplementation on growth, 
hematology, antioxidant enzyme activities, and 
immune responses in rainbow trout (Oncorhynchus 
mykiss Walbaum, 1792). Fish & Shellfish Immunology. 
2022;122:366-375. doi:10.1016/j.fsi.2022.02.031 

6. Huang Z, Lu J, Ye Y, Xu A, Li Z. Effects of dietary 
Chinese herbal medicines mixture on growth 
performance, digestive enzyme activity and serum 
biochemical parameters of European eel, Anguilla 
anguilla. Aquaculture Reports. 2020;18:100510. doi:1
0.1016/j.aqrep.2020.100510 

7. Chen HY, Yen GC. Antioxidant activity and free 
radical-scavenging capacity of extracts from guava 
(Psidium guajava L.) leaves. Food Chemistry. 
2007;101(2):686-694. doi:10.1016/j.foodchem.2006.0
2.047 

8. Elchaghaby MA, Abd El-Kader SF, Aly MM. 
Bioactive composition and antibacterial activity of 
three herbal extracts (lemongrass, sage, and guava 
leaf) against oral bacteria: An in vitro study. Journal 
of Oral Biosciences. 2022;64(1):114-119. doi:10.1016/
j.job.2022.01.005 

9. Giri SS, Sen SS, Chi C, et al. Effect of guava leaves 
on the growth performance and cytokine gene 
expression of Labeo rohita and its susceptibility to 
Aeromonas hydrophila infection. Fish & Shellfish 
Immunology. 2015;46(2):217-224. doi:10.1016/j.fsi.20
15.05.051 

10. Gobi N, Ramya C, Vaseeharan B, et al. 
Oreochromis mossambicus diet supplementation 
with Psidium guajava leaf extracts enhance growth, 
immune, antioxidant response and resistance to 
Aeromonas hydrophila. Fish & Shellfish Immunology. 
2016;58:572-583. doi:10.1016/j.fsi.2016.09.062 

11. Yin XL, Li ZJ, Yang K, Lin HZ, Guo ZX. Effect of 
guava leaves on growth and the non-specific immune 
response of Penaeus monodon. Fish & Shellfish 
Immunology. 2014;40(1):190-196. doi:10.1016/j.fsi.20
14.07.001 

12. Bernfeld P. Amylases, α and β. Methods in 
Enzymology. 1955;1:149-158. doi:10.1016/0076-687
9(55)01021-5 

13. Anson ML. The estimation on pepsin, trypsin, 
papain, and cathepsin with hemoglobin. Journal of 
General Physiology. 1938;22(1):79-89. doi:10.1085/jg
p.22.1.79 

14. McKellar RC, Cholette H. Determination of the 
extracellular lipases ofPseudomonas fluorescensspp. in 
skim milk with the β-naphthyl caprylate assay. 
Journal of Dairy Research. 1986;53(2):301-312. doi:1
0.1017/s0022029900024900 

15. Buege JA, Aust SD. Microsomal lipid peroxidation. 
Methods in enzymology. 1978;52(302-10):302-310. do
i:10.1016/s0076-6879(78)52032-6 

16. Cheng CH, Ma HL, Deng YQ, Feng J, Chen XL, 
Guo ZX. Glutathione peroxidase 3 in the mud crab 
Scylla paramamosain: Characterization and 
regulation under nitrite stress. Comparative 
Biochemistry and Physiology Part C: Toxicology & 
Pharmacology. 2020;229:108673. doi:10.1016/j.cbpc.2
019.108673 

17. Cheng CH, Ma HL, Deng YQ, Feng J, Chen XL, Guo 
ZX. The role of Mu-type glutathione S-transferase in 
the mud crab (Scylla paramamosain) during ammonia 
stress. Comparative Biochemistry and Physiology Part 
C: Toxicology & Pharmacology. 2020;227:108642. do
i:10.1016/j.cbpc.2019.108642 

Effects of dietary guava leaf aqueous extract supplementation on growth, antioxidant capacity, and non-specific immunity...

Israeli Journal of Aquaculture - Bamidgeh 9

https://doi.org/10.1007/s41208-021-00327-y
https://doi.org/10.1016/j.watres.2022.118497
https://doi.org/10.1016/j.watres.2022.118497
https://doi.org/10.1016/j.fsi.2022.05.036
https://doi.org/10.1016/j.fsi.2022.05.036
https://doi.org/10.1016/j.fsi.2022.02.031
https://doi.org/10.1016/j.aqrep.2020.100510
https://doi.org/10.1016/j.aqrep.2020.100510
https://doi.org/10.1016/j.foodchem.2006.02.047
https://doi.org/10.1016/j.foodchem.2006.02.047
https://doi.org/10.1016/j.job.2022.01.005
https://doi.org/10.1016/j.job.2022.01.005
https://doi.org/10.1016/j.fsi.2015.05.051
https://doi.org/10.1016/j.fsi.2015.05.051
https://doi.org/10.1016/j.fsi.2016.09.062
https://doi.org/10.1016/j.fsi.2014.07.001
https://doi.org/10.1016/j.fsi.2014.07.001
https://doi.org/10.1016/0076-6879(55)01021-5
https://doi.org/10.1016/0076-6879(55)01021-5
https://doi.org/10.1085/jgp.22.1.79
https://doi.org/10.1085/jgp.22.1.79
https://doi.org/10.1017/s0022029900024900
https://doi.org/10.1017/s0022029900024900
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.1016/j.cbpc.2019.108673
https://doi.org/10.1016/j.cbpc.2019.108673
https://doi.org/10.1016/j.cbpc.2019.108642
https://doi.org/10.1016/j.cbpc.2019.108642


18. Liu Y, Tong B, Wang S, et al. A mini review of Yu-
Ping-Feng polysaccharides: Their biological activities 
and potential applications in aquaculture. 
Aquaculture Reports. 2021;20:100697. doi:10.1016/j.aq
rep.2021.100697 

19. Mo WY, Lun CHI, Choi WM, Man YB, Wong MH. 
Enhancing growth and non-specific immunity of 
grass carp and Nile tilapia by incorporating Chinese 
herbs (Astragalus membranaceus and Lycium 
barbarum) into food waste based pellets. 
Environmental Pollution. 2016;219:475-482. doi:10.10
16/j.envpol.2016.05.055 

20. Kaneko K, Suzuki K, Iwadate-Iwata E, Kato I, 
Uchida K, Onoue M. Evaluation of Food-drug 
Interaction of Guava Leaf Tea. Phytother Res. 
2012;27(2):299-305. doi:10.1002/ptr.4724 

21. Huang H, Pan L, Pan S, Song M. Effects of dietary 
herbal formulae combined by Astragalus 
polysaccharides, chlorogenic acid and allicin in 
different combinations and proportions on growth 
performance, non-specific immunity, antioxidant 
status, vibriosis resistance and damage indexes of 
Litopenaeus vannamei. Aquac Res. 
2018;49(2):701-716. doi:10.1111/are.13500 

22. Takaoka O, Ji SC, Ishimaru K, et al. Dietary 
medicinal herbs and enzyme treated fish meal 
improve stress resistances and growth performance at 
early juvenile stage of red sea bream Pagrus major. 
Aquac Res. 2016;47(2):390-397. doi:10.1111/are.12506 

23. Vijayaram S, Sun YZ, Zuorro A, Ghafarifarsani H, 
Van Doan H, Hoseinifar SH. Bioactive 
immunostimulants as health-promoting feed 
additives in aquaculture: A review. Fish & Shellfish 
Immunology. 2022;130:294-308. doi:10.1016/j.fsi.202
2.09.011 

24. Abarike ED, Jian J, Tang J, Cai J, Sakyi EM, 
Kuebutornye FKA. A mixture of Chinese herbs and a 
commercial probiotic Bacillus species improves 
hemato-immunological, stress, and antioxidant 
parameters, and expression of HSP70 and HIF-1α 
mRNA to hypoxia, cold, and heat stress in Nile 
tilapia, Oreochromis niloticus. Aquaculture Reports. 
2020;18:100438. doi:10.1016/j.aqrep.2020.100438 

25. Wang L, Wu Y, Bei Q, Shi K, Wu Z. Fingerprint 
profiles of flavonoid compounds from different 
Psidium guajava leaves and their antioxidant 
activities. J Sep Sci. 2017;40(19):3817-3829. doi:10.10
02/jssc.201700477 

26. Keppler D. Export pumps for glutathione S-
conjugates. Free Radical Biology and Medicine. 
1999;27(9-10):985-991. doi:10.1016/s0891-5849(99)0
0171-9 

27. Ahmadifar E, Fallah HP, Yousefi M, et al. The Gene 
Regulatory Roles of Herbal Extracts on the Growth, 
Immune System, and Reproduction of Fish. Animals. 
2021;11(8):2167. doi:10.3390/ani11082167 

28. Li R, Du Y, Ma H, Li Q, Li H, Ye S. Wound healing 
at the body wall of the sea cucumber Apostichopus 
japonicusby Chinese herbal treatment. Aquac Res. 
2021;52(2):693-701. doi:10.1111/are.14926 

29. Laily N, Kusumaningtyas RW, Sukarti I, Rini 
MRDK. The Potency of Guava (Psidium Guajava L.) 
Leaves as a Functional Immunostimulatory 
Ingredient. Procedia Chemistry. 2015;14:301-307. do
i:10.1016/j.proche.2015.03.042 

30. Wang C, Wang R, Yang H, Wang Y, Zhang Z. Gene 
cloning and transcriptional regulation of the alkaline 
and acid phosphatase genes in Scylla paramamosain. 
Gene. 2022;810:146057. doi:10.1016/j.gene.2021.1460
57 

31. Wang E, Chen X, Wang K, et al. Plant 
polysaccharides used as immunostimulants enhance 
innate immune response and disease resistance 
against Aeromonas hydrophila infection in fish. Fish 
& Shellfish Immunology. 2016;59:196-202. doi:10.101
6/j.fsi.2016.10.039 

Effects of dietary guava leaf aqueous extract supplementation on growth, antioxidant capacity, and non-specific immunity...

Israeli Journal of Aquaculture - Bamidgeh 10

https://doi.org/10.1016/j.aqrep.2021.100697
https://doi.org/10.1016/j.aqrep.2021.100697
https://doi.org/10.1016/j.envpol.2016.05.055
https://doi.org/10.1016/j.envpol.2016.05.055
https://doi.org/10.1002/ptr.4724
https://doi.org/10.1111/are.13500
https://doi.org/10.1111/are.12506
https://doi.org/10.1016/j.fsi.2022.09.011
https://doi.org/10.1016/j.fsi.2022.09.011
https://doi.org/10.1016/j.aqrep.2020.100438
https://doi.org/10.1002/jssc.201700477
https://doi.org/10.1002/jssc.201700477
https://doi.org/10.1016/s0891-5849(99)00171-9
https://doi.org/10.1016/s0891-5849(99)00171-9
https://doi.org/10.3390/ani11082167
https://doi.org/10.1111/are.14926
https://doi.org/10.1016/j.proche.2015.03.042
https://doi.org/10.1016/j.proche.2015.03.042
https://doi.org/10.1016/j.gene.2021.146057
https://doi.org/10.1016/j.gene.2021.146057
https://doi.org/10.1016/j.fsi.2016.10.039
https://doi.org/10.1016/j.fsi.2016.10.039

	Introduction
	Materials and Methods
	Ethical statement
	Preparation of experimental feed
	Experimental animals and culture management
	Growth performance
	Sample
	Digestive enzyme activity assay
	Antioxidant enzyme activity assay
	Immunoenzymes
	Real-time PCR
	Statistical analyses

	Results
	Growth performance
	Digestive enzymes activities
	Antioxidant enzymes activities
	Immunoenzymes activities
	Gene expression

	Discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgments
	GRediT - Authors’ Contributor Roles

	References

