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Abstract
Twenty-three species of dry Traditional Chinese herbs (TCHs) were examined for the
experiment. Bacteriostasis experiments in vitro were carried out for screening 23 TCHs
on inhibiting Vibrio harveyi and four screened species (Galla chinensis, Terminalia
chebula, Scutellaria baicalensis, Rheum officinale) which have antibacterial activity were
decoct, concentrated, and mixed with diets at 2%, respectively. After feeding for 28 days,
shrimps were challenged by V. harveyi, and then mortality was recorded. With regard to
hemocyte phagocytic activity, activities of lysozyme (LZM) were measured on day 0, 7,
14, 21, and 28. Relative percentage survival (RPS) was also investigated in each TCH
group. Phagocytic activity (PA) phagocytic index (PI), LZM, and RPS (with the excep-
tion of T. chebula and R. officinale) of Pacific white shrimp can be significantly increased
when fed 2% TCH extracts. RPS of S. baicalensis was the highest, reaching 51.86% on
day 28, then the G. chinensis group, whereas R. officinale group was the lowest, when the
Pacific white shrimp challenged with V. harveyi. It can be concluded that S. baicalensis
and G. chinensis could be used to enhance shrimp’s immunity and disease resistance in
cultured Pacific white shrimp.
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Introduction

Pacific white shrimp (Litopenaeus vannamei) is cultured commonly in the Western Hemi-
sphere and has been grown in inland saline waters. In China, Pacific white shrimp culture trials
begun with the importation of larvae in the late 1980s. The species is now being economically
important shrimp in China. In the recent years, with the higher density in the culture of Pacific
white shrimp, Pacific white shrimp became susceptible to many disease outbreaks (Ganjoor
2015).

In order to reduce financial losses caused by shrimp diseases, effective preventive measures
should be taken. Whereas, chemotherapeutics and antibiotics will pollute environment and
accumulate residues in shrimp. Vaccines are very expensive to fish farmers and specific to
diseases (Sakai 1999).

Immunostimulants can enhance immune mechanism and have been considered as an
effective method in preventing fish diseases (Anderson 1992). In our research, TCHs were
used to activate nonspecific defense mechanisms, and Pacific white shrimp’s specific immune
response was elevated.

TCH can improve nonspecific immunity and have been used in aquaculture as immune
stimulating factors for many years (Ardó et al. 2008; Yin et al. 2008; Yin et al. 2009; Pan et al.
2013; Adel et al. 2017). For instance, when different TCHs were fed to crucian carp, NBT
positive cells, phagocytosis, and lysozyme activity increased (Jeney and Jeney 2002). The
lysozyme activity significantly increased, and the cumulative mortality significantly decreased
when oliver flounder Paralichthys olivaceus were fed with 0.1% and 1.0% monkey head
mushroom, Hericium erinaceum-enriched diet once infected with Philasterides dicentrarchi
(Harikrishnan et al. 2011). When Red drum were fed 2% of TCH, phagocytic percentage,
phagocytic index, and lysozyme activity significantly increased in major groups, and Astrag-
alus membranaceus et al. were effective in preventing the disease caused by Vibrio splendidus
(Pan et al. 2013). In this study, TCH extracts from Artemisia argyi, Atractylodis
macrocephalae, Rhizoma coptidis, Cortex moutan, Radix glycyrrhizae, Terminalia chebula,
Fructus mume, Galla chinensis, Houttuynia cordata, Cortex phellodendri, Cistanche
deserticola, Wolfiporia extensa, Fructus forsythia, Rheum officinale, Flos lonicerae,
Polyporus umbellatus, Isatidis radix, Astragalus membranaceus, Eucommia ulmoides,
Rhizoma cyrtomii, Scutellaria baicalensis, Radix bupleuri, and Radix sophorae were chosen
for the bacteriostasis experiment in vitro (Jian and Wu 2003; Ardó et al. 2008; Yin et al. 2008,
2009; Yan et al. 2010; Pan et al. 2013).

In the study reported here, G. chinensis, T. chebula, S. baicalensis, and R. officinale had
significant effects on bacterial inhibiting in vitro among the 23 species TCH.

Pacific white shrimp was fed with feed containing one of the four TCH, respectively. Key
parameters of nonspecific immune response were measured for 4 weeks, and RPS of Pacific
white shrimp was also evaluated when challenged with V. harveyi.

Materials and methods

Shrimp

Apparently, healthy Pacific white shrimp (weight 9.80 ± 0.21 g) was maintained in
20,000-L concrete tanks with recirculation system in Zhejiang Mariculture Research
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Institute, Wenzhou, Zhejiang province, China. After 2 weeks, the shrimps were trans-
ferred into 2000-L tanks. During the experiment, water temperature 23–25 °C, salinity
26 g/L, pH 8.2, and dissolved oxygen 5.0 mg/L–6.0 mg/L were maintained. Shrimp were
fed with a formulated feed.

Preparation of TCH extracts and supplementation diet

TCHs including A. argyi, A. macrocephalae, R. coptidis, C. moutan, R. glycyrrhizae,
T. chebula, F. mume, G. chinensis, H. cordata, C. phellodendri, C. deserticola, W. extensa,
F. forsythia, R. officinale, F. lonicerae, P. umbellatus, I. radix, A. membranaceus, E. ulmoides,
R. cyrtomii, S. baicalensis, R. bupleuri, and R. sophorae were purchased in Wenzhou people’s
large pharmacy, Zhejiang Province. A hot-water extract of the 23 TCHs was extracted as Wu
et al. (2010) reported. Twenty-five grams of each TCH were added to 250 mL of deionized
water, respectively, and boiled for 0.5 h and then filtered and boiled twice as the first time. The
750-mL filtrate of each TCH was concentrated to 25 mL (each TCH concentration was about
1 g/mL) and kept at 4 °C for bacteriostasis experiment in vitro. With the result of bacteriostasis
experiment in vitro, four TCH including G. chinensis, T. chebula, S. baicalensis, and
R. officinale were used to prepare TCH extracts as Pan et al. (2013). Ten grams of each
TCH were added to 200 mL of deionized water, respectively, and boiled for 0.5 h and then
filtered and boiled twice as before. The 600-mL filtrate of each TCH was concentrated to
50 mL, then added to 490 g crushed formula feed (Fuzhou Haima Feed Co., Ltd), respectively.
The control group added 50 mL of 0.65% sodium chloride. Normal balanced feed composed
of 46.4% protein, 22% carbohydrate, 3.6% lipid, and 10.8% ash. Diameter of the pellet is
1.2 mm. All pellets are stored at 4 °C in refrigerator.

Bacteriostasis experiment in vitro

Vibrio harveyiwas isolated from diseased Pacific white shrimp as Parichat and Pongsak (2010)
reported and identified using 16S rDNA sequencing (Frank et al. 2008). The bacteria were
cultured in Luria-Bertani (LB) containing 2% NaCl, incubated at 30 °C for 24 h, centrifuged at
2500 g for 10 min, and washed in phosphate-buffered saline (PBS). V. harveyi was used to
determine the lowest concentration of the assayed antimicrobial agent (minimal inhibitory
concentration, MIC, minimum bactericidal concentration, MBC) at the concentration of 1 ×
106 CFU/mL for the 23 TCHs (Irith et al. 2008).

Experiment design

Shrimps were allocated into 4 treated groups and one control group (300 shrimps per group) in
triplicate and fed diets twice a day for 4 weeks. Then, remaining shrimps of all groups were fed
with the same formula feed (Fuzhou Haima Feed Co., Ltd) for 1 week.

Preparation of hemolymph and hemocytes

Hemolymph samples (6 shrimps per group) were collected from the heart without anesthesia
on day 0, 7, 14, 21, and 28 after start of feeding. Some sampled anesthesia were put into a tube
to prepare hemolymph for assaying lysozyme; others were put into another tube containing
sodium heparinate for measuring phagocytic activity.
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Phagocytic activity

Phagocytic activity of hemocytes was performed as Enright and Jeffers (1984). To
perform the essay, 100 μL of hemolymph was mixed with 100 μL Staphylococcus
aureus (1.0 × 107 CFU / mL). The mixtures were incubated at 28 °C for 60 min and
shaken once every 10 min during the water bath. After the culture, 3 ml of cold
physiological saline was added and centrifuged at 2000 rpm for 3 min, and then
supernatant was discarded. A 1-ml AO dye solution was added to the above phagocytic
precipitate, mixed well, and stained for 1 min. After centrifugation at 2000 rpm for
3 min, the supernatant discarded and the hemocytes were suspended in physiological
saline and placed in an ice bath for observation by fluorescence microscope. Phagocytic
activity (PA) and phagocytic index (PI) were calculated by the following formula:

Phagocytic activity PAð Þ ¼ phagocytic haemocytesð Þ= total haemocytesð Þ½ � � 100
Phagocytic index PIð Þ ¼ bacteria phagocytized by phagocytic haemocytesð Þ= phagocytic haemocytesð Þ½ �

Lysozyme activity

Lysozyme activity was measured spectrophotometrically as Adel et al. (2017) reported.
In brief, a series of dilutions was prepared by diluting a standard lysozyme sample
(Amresco, Switzerland) mixed with a Micrococcus lysodeikticus (ATCC NO. 1698)
suspension for establishing a calibration curve. For this, 500 ml of diluted hemolymph
was added to 1 ml of a suspension of M. lysodeikticus (0.2 mg/ml) in a 0.05 M sodium
phosphate buffer (pH 6.2). Absorbance was measured at 500 nm after 30 and 270 s by
spectrophotometer (Biophotometer Eppendorf). The lysozyme content was determined
using the calibration curve and the absorbance measured. One unit (U) of lysozyme
activity was defined as the amount of enzyme that decreases the absorbance by
0.001 min−1 mL−1 hemolymph.

Relative percent survival (RPS) (Amend 1981)

Shrimps were challenged by injecting LD50 dose (0.05 mL PBS containing 1 × 106 cells) of
live V. harveyi into the ventral sinus of the cephalothorax on day 28 as He et al. (2017)
reported. Mortality was recorded for 7 days. From the organs of the just dead shrimp,
V. harveyi was re-isolated to confirm the mortality due to the bacterial infection. RPS was
calculated by the following formula:

RPS ¼ 1−
Percnt mortality in treated group

Percent mortality in control group

� �
� 100

Statistical analysis

The data were expressed as arithmetic mean ± standard error. Statistical analysis involved one-
way analysis of variance (ANOVA) followed by Duncan’s multiple pair comparison test
(SPSS 13.0).

Aquaculture International (2020) 28:767–776770



Results

Effect of bacteriostasis experiment in vitro

All the 23 TCHs have different effects on the bacteriostasis in vitro. Four of the 23 TCHs, i.e.,
G. chinensis, T. chebula, S. baicalensis, and R. officinale, have more significant effects on
bacteriostasis for V. harveyi in vitro; MIC of them is 0.001 mg/mL, 0.03 mg/mL, 0.49 mg/mL,
and 0.24 mg/mL; MBC of them is 0.008 mg/mL, 0.24 mg/mL, 0.98 mg/mL, and 0.98 mg/mL,
respectively.

Phagocytic activity

The PA of leucocyte varied significantly (P < 0.05) on day 28 in control group. The PA activity
increased significantly (P < 0.05) when fed with 2% G. chinensis- or S. baicalensis-enriched
diets on day 7 or fed with 2% R. officinale- or T. chebula-enriched diets on day 14 compared to
the control (Table 1).

During the experiment period, PI of the control group is 1.67–1.84, and the S. baicalensis
group is the highest among all the experiment groups, reaching 3.32 on day 21. PI of groups of
S. baicalensis and G. chinensis has significant difference (P < 0.05) on day 7, when compared
to the control group. Groups of R. officinale and T. chebula have significant difference on day
14 when compared to the control. PI of groups of S. baicalensis andG. chinensis has significant
difference (P < 0.05) on day 14 compared to the group R. officinale and T. chebula (Table 2).

Lysozyme activity

The plasma lysozyme activity was enhanced significantly (P < 0.05) on day 7 on being fed
with S. baicalensis-, G. chinensis-, R. officinale-, or T. chebula-enriched diets compared to the
control group, and this high lysozyme activity can be maintained to day 28 (Table 3).

Disease resistance

The highest RPS were 51.9% and 48.1% in groups fed with S. baicalensis- or G. chinensis-
enriched diets, and the lowest relative percent survival was only 14.8% in groups fed with
R. officinale-enriched diets when challenged with V. harveyi.

Table 1 Effects of traditional Chinese herbs on phagocytic activity of hemocytes in Litopenaeus vannamei
(Mean ± SD)

Group Phagocytic percentage (%) after time elapsed (day)

0 7 14 21 28

Scutellaria baicalensis 27.8 ± 4.35 31.8 ± 4.31a 36.4 ± 7.45a 38.8 ± 6.31a 38.6 ± 5.85a
Galla chinensis 28.4 ± 3.61 31.4 ± 3.77 a 36.8 ± 6.55a 37.0 ± 4.56a 39.4 ± 5.54a
Rheum officinale 27.1 ± 3.22 29.2 ± 2.98ab 31.7 ± 4.52b 32.5 ± 4.18b 33.1 ± 2.76b
Terminalia chebula 27.2 ± 3.97 29.6 ± 3.98ab 33.8 ± 3.76ab 35.0 ± 3.52a 34.2 ± 3.54ab
Control 27.8 ± 4.12 27.8 ± 4.31 b 28.0 ± 4.90c 28.2 ± 5.08c 34.2 ± 3.55c

Note: Data in the same column with different alphabet indicated significant differences (P < 0.05), and the same
alphabet indicated no significant differences (P > 0.05). Values are mean ± SE (n = 900 shrimps in each
treatment)
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The highest mortality is 90% in the control diet (Table 4). Shrimps began to die on the first
day in group treated with R. officinale and on the second day in groups treated with
S. baicalensis, G. chinensis, and T. chebula after challenged with V. harveyi (Table 4).

Discussion

Bacteriostasis in vitro of A. argyi, A. macrocephalae, R. coptidis, C. moutan, R. glycyrrhizae,
T. chebula, F. mume, G. chinensis, H. cordata, C. phellodendri, C. deserticola, W. extensa,
F. forsythia, R. officinale, F. lonicerae, P. umbellatus, I. radix, A. membranaceus, E. ulmoides,
R. cyrtomii, S. baicalensis, R. bupleuri, and R. sophorae extracts on V. harveyi was analyzed in
this study. Results showed that 4 TCHs (G. chinensis, T. chebula, S. baicalensis, R. officinale)
extracts have the lowest MIC and MBC for V. harveyi at the concentration of 1 × 106 CFU/mL.
The immunostimulating effect of the 4 TCH extracts in the Pacific white shrimp was also
studied. The results showed that experiment shrimps fed with 2% dose of TCH extracts
significantly enhanced PA, PI, lysozyme activities, and RPS (with the exception of
R. officinale and T. chebula).

Different TCHs may have different effects on bacteriostasis. Progression of bacteriostasis
experiment in vitro can evaluate antibacterial activity in vitro. In this study, 23 TCH extracts
were used to evaluate the effects of antibacteriostasis in vitro; the results showed that 23 TCH
extracts have a large range of MIC (0.001 mg/mL −500 mg/mL)and MBC (0.008 mg/mL

Table 2 Effects of Chinese herbs on phagocytic index of the hemocytes in Litopenaeus vannamei (Mean ± SD)

Group Phagocytic index after time elapsed (day)

0 7 14 21 28

Scutellaria baicalensis 1.68 ± 0.24 2.24 ± 0.33a 3.04 ± 0.33a 3.32 ± 0.21a 3.25 ± 0.38a

Galla chinensis 1.79 ± 0.32 2.23 ± 0.26a 2.88 ± 0.29a 3.15 ± 0.37a 3.23 ± 0.32a

Rheum officinale 1.76 ± 0.20 1.97 ± 0.29b 2.11 ± 0.21b 2.13 ± 0.31b 2.23 ± 0.34b

Terminalia chebula 1.85 ± 0.35 1.98 ± 0.24b 2.20 ± 0.46b 2.16 ± 0.36b 2.17 ± 0.28b

Control 1.73 ± 0.23 1.78 ± 0.17b 1.84 ± 0.41c 1.74 ± 0.27c 1.67 ± 0.14c

Note: Data in the same column with different alphabet indicated significant differences (P < 0.05); the same
alphabet indicated no significant differences (P > 0.05). Values are mean ± SE (n = 900 shrimps in each
treatment)

Table 3 Effects of traditional Chinese herbs on lysozyme activity in Litopenaeus vannamei

Group Lysozyme activity after time elapsed (day)

0 7 14 21 28

Scutellaria
baicalensis

0.068 ± 0 .006c 0.103 ± 0.014a 0.143 ± 0.013a 0.182 ± 0.017 a 0.173 ± 0.013a

Galla chinensis 0.061 ± 0 .006c 0.092 ± 0.005 a 0.138 ± 0.017a 0.171 ± 0.015a 0.178 ± 0.014a

Rheum officinale 0.070 ± 0 .008c 0.078 ± 0.016b 0.122 ± 0.014b 0.133 ± 0.018b 0.133 ± 0.011b

Terminalia chebula 0.068 ± 0 .006c 0.088 ± 0.017ab 0.133 ± 0.015ab 0.158 ± 0.012ab 0.155 ± 0.012ab

Control 0.061 ± 0 .004c 0.061 ± 0.004 c 0.061 ± 0.008 c 0.059 ± 0.005c 0.058 ± 0.011c

Note: Data in the same column with different alphabet indicated significant differences (P < 0.05); the same
alphabet indicated no significant differences (P > 0.05)
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−500 mg/mL). Four TCHs (G. chinensis, T. chebula, S. baicalensis, R. officinale) extracts have
the lowest MIC and MBC; the results indicate that these 4 TCHs have better antibacterial
activity among the 23 TCHs. A previous study showed that G. chinensis extract significantly
inhibited the growth of Vibrio parahaemolyticus and Listeria monocytogenes (Wu 2014; Wu
et al. 2016). The ethanol extract of T. chebula had total phenolic and flavonoid content of 136
± 1.5 mg of gallic acid equivalent/g d.w and 113 ± 1.6 mg of quercetin equivalent/g d.w,
respectively, and some of the extracts such as alkaloids, tannins, and phenols have significant
cytotoxic activity (Eshwarappa et al. 2016). The major bioactive components in roots of
S. baicalensis were baicalein, baicalin, and wogonin (Li et al. 2009). Baicalin has anti-
inflammatory, anti-allergic, antioxidant, and hepatoprotective activities (Chen et al. 2009).
The hemolymph lysozyme activity of Macrobrachium rosenbergii in the group fed with
0.05% anthraquinone extract from Rheum officinale for 8 weeks were significantly higher
than those of the control (Liu et al. 2010).

Phagocytic activity is important to primitive defense mechanism and nonspecific immune
system (Neumann et al. 2001; Seeley et al. 1990). Sakai (1999) stated that fish phagocytosis
can be increased when treated with immunostimulants. Phagocytosis can be enhanced by TCH
extracts in many fish and shrimp species (Galina et al. 2009; Zhang et al. 2009; Huang et al.
2011; Ahmadi et al. 2012; Pan et al. 2013; Adel et al. 2017; He et al. 2017). Previous studies
showed that S. baicalensis can enhance the nonspecific immune response and have a high RPS
in Sciaenops ocellatus (Pan et al. 2013). Calocybe indica (milky mushroom) extract was used
as a feed additive to improve Babylonia spirata antioxidant levels (Chelladuraia and Maran
2019). When pacific white shrimps were treated with polysaccharides from mycelia of
Cordyceps sinensis, hemolymph immunity indicators, including phenoloxidase, alkaline phos-
phatase, acid phosphatase, and lysozyme were remarkably greater in the treated group
(P < 0.05) (Deng et al. 2014). In our experiments, phagocytic activity of leukocytes can be
enhanced significantly by G. chinensis, T. chebula, S. baicalensis, or R. officinale extracts
during the 28 days feeding, even 7 days after start of feeding. This elevated activity can be
maintained to the end, when compared to the control experiment. All of the four TCH extracts
have phagocytic activity and nonspecific immunity to shrimp, suggesting that all TCH extracts
may have immunostimulatory effects when they have bacteriostatic effects in vitro.

Lysozyme level is an important measurable element for the nonspecific defense system.
Lysozyme can hydrolyze β-1-4-glucosidic linkages in the mucopolysaccharide cell wall of
bacterial pathogens. In this study, lysozyme activity of the Pacific white shrimp was enhanced

Table 4 Relative percentage of survival in Litopenaeus vannamei after being infected by Vibrio harveyi

Groups No. of challenged
shrimp

Time
(day)

No. of dead
shrimp

Cumulative
mortality (%)

Relative percent
survival (%)

Scutellaria
baicalensis

3 × 10 2 13 43.33 51.9*

Galla chinensis 3 × 10 1 14 46.67 48.1*
Rheum officinale 3 × 10 2 23 76.67 14.8

Terminalia
chebula

3 × 10 2 18 60.00 33.3

control 3 × 10 1 27 90.00 /

Data in the same column with asterisk are significant differences (P < 0.05) from the control diet among different
treatments. Values are mean ± SE (n = 30 shrimps in each treatment). Time indicates the day that fish began to die
after challenged with Vibrio harveyi
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7 days after start of feeding extract of the 4 TCH. Many authors have also found that values of
fish and shrimp lysozyme can be increased after feed with TCH (Yin et al. 2008; Zhang et al.
2009; Ahmadi et al. 2012; Pan et al. 2013; Deng et al. 2014).

In our research, after challenged with V. harveyi, mortality of all treated shrimps reduced
when compared to the control. RPS of S. baicalensis and G. chinensis are significantly higher
than that of R. officinale, T. chebula and the control group. The group that was treated with
S. baicalensis had the highest RPS. Among the remaining three groups, shrimps treated with
G. chinensis had a higher RPS than that of R. officinale or T. chebula. Immunostimulants,
vaccines, or probiotics could increase infected fish’s survival rates (Sakai 1999; Bakopoulos
et al. 2003; Brunt et al. 2007). After challenging with V. harveyi, the survival rate of large
yellow croaker increased in the group that was treated with glucan (Ai et al. 2007). Adel et al.
(2017) reported that Pediococcus pentosaceus improved the growth performance, digestive
enzyme activity, immunity, and tolerance against Vibrio anguillarum of white shrimp. Dietary
administration of yeast can protect shrimp against a decline in resistance to bacterial disease
(Burgents et al. 2004). Adding 0.3 g/kg of organic acids and essential oils that blend to the
control diet significantly enhances disease resistance of Pacific white shrimp to Vibrio
parahaemolyticus (He et al. 2017).

Through the experiment, a relationship between the phagocytic tests and survival in the
challenge can be found. PA activity and PI had significant difference (P < 0.05) on day 7 in the
TCH-enriched diets when compared to the control; RPS is also significantly different
(P < 0.05) when challenged with V. harveyi.

In brief, our research showed that G. chinensis, T. chebula, S. baicalensis, and R. officinale
extracts alone could significantly enhance phagocytic activity of leucocyte and hemocyte
lysozyme activity. S. baicalensis or G. chinensis significantly enhanced the RPS.

In summary, G. chinensis or S. baicalensis were effective in preventing Pacific white
shrimp from outbreaking diseases after challenged by V. harveyi.
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