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Abstract. Nugroho RA, Meylianawati, Asokawati OF, Sari YP, Hardi EH. 2018. The effects of dietary Eleutherine bulbosa on the 
growth, leukocyte profile, and digestive enzymes activity of Pangasianodon hypophthalmus. Nusantara Bioscience 10: 47-52. This study 
was conducted to examine the effects of Eleutherine bulbosa (Mill.) Urb extract (EAE) on the average weekly gain (AWG), specific 
growth rate (SGR), feed efficiency (FE), digestive enzyme (amylase, lipase, protease) activity, total and differential leukocyte counts, 
and phagocytosis activity of the striped catfish (Pangasianodon hypophthalmus). Four groups of fish with three replicates were fed 15 
(P1), 30 (P2), 45 (P3), and 60 (P4) g kg-1of EAE in a basal diet and compared with control (C) fish without EAE at a rate 3% of body 
weight for 4 weeks. At the end of the trial, the results showed that fish fed EAE above 15 g kg-1 in the diet significantly increased AWG, 
while SGR, FE, lipase, protease, and neutrophil, and lymphocyte activity were not affected by any dietary concentration of EAE. The 
diet containing 45 g kg-1 EAE increased amylase activity in the fish while the highest number of leukocytes and phagocytosis activity 
was found in the fish fed 30 g kg-1 EAE in the diet. These findings suggest that the inclusion of EAE in the diet, in amounts higher than 
30 g kg-1, is beneficial in improving amylase, leukocyte and phagocytosis activity of fish. 
Keywords: Digestive enzymes, Eleutherine bulbosa, growth, leukocyte profile, Pangasianodon hypophthalmus  
Abbreviations: AWG: Average weekly gain, CBI: Centrum tot Bevordering van de Import uit ontwikkelingslanden, DO: Dissolved 
oxygen, EAE: Eleutherine bulbosa (Mill.) Urb extract, FE: Feed efficiency, IL-2: Interleukin 2, INFγ: Interferon gamma, SGR: Specific 
growth rate, Th-1: Type 1 T helper 

INTRODUCTION 
As fish consumption demand continues to grow 

worldwide, new strategies to increase aquaculture 
productivity need to be developed. Research is required 
into eco-friendly feed production strategies to assist 
aquaculturists reduce operating costs of cultivating fish 
such as the striped catfish (Pangasianodon hypophthalmus 
Sauvage, 1878). Striped catfish are produced mainly in 
Asian countries (Phan et al. 2009). According to CBI 
(2015), Vietnam is the main Pangasianodon producer, 
followed by Indonesia. In Indonesia production is reported 
to reach 400,000 tons per year, much of it for domestic 
consumption, but the fish has also been widely exported 
from Indonesia to various countries in Europe due to the 
acceptability of the product and its low price (Ciardullo et 
al. 2008; Guimarães et al. 2016). The success and 
significant increase in striped catfish production have 
received attention not only from farmers and investors but 
also from researchers seeking to increase productivity 
through strategies to improve growth rates, health 
performance, and the immune system of the fish.  

The potential of feed additives such as 
immunostimulants, and phytobiotics from particular plant-
based feedstuffs to improve fish productivity and health is 
gaining momentum (Citarasu 2010; Van Hai 2015; Devi et 
al. 2016; Hernández et al. 2016). One such herbal plant, 
namely Eleutherine bulbosa (Mill.) Urb, is found 
worldwide, particularly in southern Africa, in rubber 
plantations in Java, and in Kalimantan Island, Indonesia. 
The plant belongs to the Iridaceae family and is cultivated 
in China for ornamental and medicinal purposes. It is used 
as a traditional carminative in its pure form, and together 
with galangal, is used to treat cold and nasal congestion in 
children (Saralamp et al. 1996; Ifesan et al. 2009). The bulb 
of E. bulbosa has been known by local tribes in Kalimantan 
not only as a folk medicine but also as a natural antioxidant 
and color enhancer of meat products. The bulb is also used 
for enhancing breast-milk production, and to treat cardiac 
disease, breast cancer, stroke, hypertension, and sexual 
disorders (Ieyama et al. 2011; Insanu et al. 2014). 

Previous research has been carried out to evaluate the 
feasibility of using herbal plants in aquaculture 
(Chakrabarti 2005; Citarasu 2010; Thanikachalam et al. 
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2010; Chakraborty et al. 2014; Van Hai 2015). Various 
physiological tools have been used to evaluate effects of 
feedstuffs on the growth performance and health of fish. 
These include average weekly gain (AWG), specific 
growth rate (SGR) (Jiang et al. 2016); feed efficiency (FE) 
(Baloi et al. 2016; Hien et al. 2016); survival rate (Cai et al. 
2015) applied to various fish species. Immune-
physiological responses such as alteration of total 
leukocyte and differential leukocyte counts (Adel et al. 
2015), phagocytosis activity (Bennani et al. 1995; 
Haugland et al. 2012; Chi et al. 2016) and digestive 
enzyme activity (Jiang et al. 2015; Abidin et al. 2016; 
Couto et al. 2016) have been also successfully used as 
indicators of the immune and health status of several fish 
species. However, such information regarding the effects of 
E. bulbosa bulbs extract (EAE) on striped catfish is limited. 
Thus, the study reported here aimed to evaluate the effects 
of various concentration of dietary EAE supplementation 
on the growth, survival, immunity and digestive enzyme 
activity of the catfish under laboratory conditions.  

MATERIALS AND METHODS 
Study area The study was conducted in the Animal Physiology, 
Development, and Molecular Laboratory, Department of 
Biology, Faculty of Mathematics and Natural Sciences, 
Mulawarman University, Samarinda, East Kalimantan, 
Indonesia. 
Plant materials The Eleutherine bulbosa dried cut bulbs were 
purchased from a local market in Samarinda, East 
Kalimantan, Indonesia. The identity of the bulb samples 
was confirmed by an expert researcher (Department of 
Biology), Mulawarman University, East Kalimantan, 
Indonesia. To eliminate extraneous matter, the collected E. 
bulbosa bulbs were washed with deionized water and 
immediately dried in an oven at 40oC for 12 h. Dry E. 
bulbosa was crushed and sieved to make powder. The 
powder was extracted with 95% ethanol for 7 days (100 g 
L-1). After filtration, the extract was evaporated by using a 
rotary evaporator and stored at 4ºC until used as a crude 
extract. 
Preparation of basal and test diet A basal fish diet was bought from a commercial factory 
(Hi Pro Vite® FF-888). It contained 36-38% protein, 2% 
lipid, 2% crude fiber, 10% ash dan 12% moisture. The test 
diets were prepared by mixing the basal diet with various 
concentration of EAE (15; 30; 45, and 60 g kg-1), by 
pelletizing the mixes using a mincer (0.5 mm diameter, 1 
mm length pellets), and then by drying under direct 
sunlight. The dried pellets were then allowed to cool at 
room temperature, packed and stored in a dark room before 
being used as test diets or a control-basal diet (i.e., without 
EAE addition). 

Animals and experimental setup Two hundred fish (average initial weight 16.62 g), 50 
days old, were purchased from a local breeding farm, in 
Samarinda East Kalimantan and acclimated at the Animal 
Physiology, Development, and Molecular Laboratory, 
Mulawarman University, East Kalimantan for a week. Fish 
were then randomly distributed into six triplicate groups, 
with ten fish in each group. Each group of fish was then 
placed in a plastic tank. For 4 weeks, fish in each group 
were fed with various concentrations of EAE viz 15; 30; 
45, and 60 g kg-1 feed supplementation. Temperature, pH, 
and Dissolve Oxygen (DO) were measured every second-
day using routine thermometer, pH meter, and HM-7J pH 
instrument (DKK-TOA®, Japan). The fish in each plastic 
tank were fed with basal diet or treatment diets at a rate of 
3% of body weight three times per day. Uneaten food and 
feces were siphoned out before renewing the water.  
Growth indices For measuring individual fish weights, an electronic 
balance (GX-4000, A&D Co Ltd., Japan) was used. Both 
initial weight (Wo) and final weight (Wt) of fish were used 
to calculate average weekly gain (AWG), specific growth 
rate (SGR), and feed efficiency (FE) as follows:  

 
AWG (g week-1) = (Wt - Wo)/Wk  
 
SGR (% body weight. gain/day) =[Ln Wt -Ln Wo

Wk ] 
 

FE % =  Wt-W0
F × 100% 

 
Where Wt is the final weight (g) and Wo is the weight 

(g) of the fish at the commencement of the growth period, 
respectively, and Wk is the number of weeks during the 
growth period, F = The amount of feed given (g). 
Total and differential leukocyte count At the end of week 4, blood samples were taken by 
caudal venipuncture after anesthetizing the fish. Total 
leukocyte (103 per mm3) was determined manually with the 
improved Neubauer counting chamber. The percentage of 
neutrophils, lymphocytes, and monocytes were determined 
by using an Auto Hematology Analyser Mindray BC2800, 
Mindray® Shenzhen, China.  
Phagocytosis activity The phagocytic activity assay was determined by the 
following modified method of Subeenabegum and Navaraj 
(2016) and Michael et al. (1998): 

 
Phagocytosis activity (%) = Phagocytosis leukocyte number

 Observed total leukocyte number× 100  

Digestive enzymes activity To evaluate the effects of EAE on the activities of 
digestive enzymes (amylase, protease, and lipase), 
digestive tracts of fish from each culture tank were sampled 
at the end of the experiment, and crude amylase and 
protease were extracted (Nugroho and Fotedar 2015).The 
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digestive tract of each fish was homogenized and placed in 
ice in 5 mL 0.1 M citrate-phosphate buffer (pH 5.5). The 
resulting homogenates were then centrifuged at 4500 9 g 
for 5 min using Eppendorf centrifuge allegra™ X-22R 
(Beckman Coulter, Inc., US) and the supernatants 
(solution) were used directly for enzyme assays. Amylase 
activity was assessed following the methods proposed by 
Bernfeld (1955); Biesiot and Capuzzo (1990). Amylase 
activity (unit activity) in solution was assayed based on 
maltose liberated per mg protein per hour using soluble 
starch (15 mg mL-1) as substrate in 0.1 M phosphate buffer 
(pH 6.5) with 0.05 M NaCl at 37°C. Meanwhile, protease 
activity was measured according to the Bergmeyer (2012) 
protocol. One unit enzyme activity was defined as the 
amount of enzyme that yielded the equivalent of 1-mole 
tyrosine/minute. The protein content in solution was 
assayed using the Folin phenol method, and bovine serum 
albumin was used as a standard for protein determination 
(Hartree 1972). Lipase activity was performed following 
the method of Linfield et al. (1984). One unit of lipase per 
mL (U mL-1) is defined as 1 µmol of fatty acid liberated per 
minute. 
Statistical analysis Results are expressed as means ± standard error (SE) 
and data were analyzed using SPSS version 22 (SPSS, Inc., 
USA). The data for percentage of total leukocytes, and of 
neutrophils, lymphocytes and monocytes, and for the 
digestive enzyme activity (amylase, lipase, protease) at the 
end of the week 4, were subjected to one way ANOVA, 
followed by Duncan post hoc test to evaluate the 
significance of differences among the group of treatments. 
All significance tests were at P<0.05 levels. 

RESULTS AND DISCUSSION 
Growth indices and hematological profiles Growth indices, feeding efficiency, and the hematology 
profile of the fish fed five different diets are presented in 
Table 1. After 4 weeks of feeding, 30-60 g kg-1 EAE  

included in the diet had positive effects on the final fish 
weight and AWG with value range of 49.86-51.50 g and 
8.53-8.69 g/wk, respectively. No significant effect on the 
SGR (3.16-3.83 % per day) and FE (67.38-75.69%) was 
shown by fish fed four different test diets. In the present 
study, the highest number of leukocytes (38.75 106 per 
mm3) was found in fish fed 60 g kg-1 EAE. However, the 
percentage of neutrophils for fish fed any concentration of 
EAE was not significantly different from the control group. 
Furthermore, monocyte %, and phagocytosis activity were 
not affected by any dietary concentration of EAE.  
Digestive enzymes activity The improvement of growth indices and hemato-
immunological profile of fish are closely related to the 
digestive enzyme activity which in turn leads to breakdown 
of large biomolecules into small absorbable nutrient 
molecules in the intestines of the fish (Cho 1987; Kumar et 
al. 2015). Our results showed that dietary inclusion of EAE 
increased digestive enzyme activities of P. hypophthalmus. 
There was significantly higher amylase, and lipase activity 
in fish fed EAE at levels higher than 30 g kg-1 in the diet 
(Figure 1). 
Discussion The efficacy of phytochemicals as growth promoters 
and immunomodulators in the diets of various fish species 
has been well documented. It has been reported that dietary 
supplementation with thyme (Thymus vulgaris) and vitamin 
E resulted in an improvement in growth performance and 
fed efficiency of juvenile Acipenser stellatus (Goda 2008). 
Dorojan et al. (2015) also reported that fish fed diets 
containing at least 200 mg kg-1 of ginseng herb (Ginsana® 
G115) for 17 weeks, had enhanced growth performance, 
feed efficiency, and hematological indices. Similar results 
concerning the effect of a commercial source of Yucca 
schidigera and Quillaja saponaria extracts (Nutrafito 
Plus®), in practical diets, on striped catfish P. 
hypophthalmus growth, feed utilization, and hematological 
parameters have also been reported by Guroy et al. (2016). 

 
 
 

Table1. Mean ± standard error (SE) of growth parameters and leukocyte profile of Pangasianodon hypophthalmus fed various 
concentrations of Eleutherine bulbosa extract in the diet for 4 weeks  

Parameters Groups  
C P1 P2 P3 P4 

Initial weight (g) 
Final weight (g) 
AWG (g/wk) 

16.21± 0.40a 
32.72± 1.37a 
4.12 ± 0.03a 

15.35 ± 0.54a 
40.01 ± 3.24a 
6.16 ± 0.85a 

16.72 ± 0.82a 
51.50 ± 4.63b 
8.69 ± 1.19b 

16.81 ± 0.52a 
51.44 ± 3.83b 
8.65 ± 1.01b 

15.71 ± 0.44a 
49.86±2.99b 
8.53 ±0.71b 

SGR (% body weigh /day) 
FE (%) 2.33 ± 0.15a 

55.68 ± 0.01a 3.16 ± 0.30b 
67.38 ± 3.84b 3.71 ± 0. 36b 

73.71 ± 4.36b 3.69 ± 0.30b 
73.80 ± 3.70b 3.83 ±0.18b 

75.69±2.02b 
      
Leukocyte (103 per mm3) 
Neutrophile (%) 
Limphocyte (%) 
Monocyte (%) 
Phagosytosis activity (%) 

22.61±1.47a 
7.00± 0.57a 

72.33± 2.18a 
20.66± 2.27a 
76.67±2.84a 

18.45±1.11a 
6.33± 0.33a 

68.66± 0.88ab 
27.33±1.20b 
58.00±2.51b 

16.05±0.36ab 
6.00 ± 0.57a 

69.00 ± 0.57ab 
25.00 ± 0.57b 
64.67±2.40b 

14.93±0.91ab 
6.00 ± 0.57a 
67.33± 1.45b 
26.66± 0.88b 
60.33±2.84b 

38.75±2.31c 
7.00 ± 0.57a 

67.00 ± 1.15b 
26.00 ± 1.52b 
68.33±4.04b 

Note: Means in the same row having different superscript letters (a, b, c) indicate significant differences (P<0.05). C = control gorup 
P1= 15 g kg-1; P2= 30 g kg-1; P3= 45 g kg-1; P4= 60 g kg-1. AWG = average weekly gain, SGR = specific growth rate, FE = feed efficiency 
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  Figure 1. Digestive enzymes (Amylase, Protease, and Lipase) activity of Pangasianodon hypophthalmus fed various concentration of 
Eleutherine bulbosa extract for 30 days. Letters (a, b, c) indicated significant differences (P<0.05). C = control groups P1= 15; P2= 30; 
P3= 45; P4= 60 g kg-1. Amylase activity (unit activity) in solution was assayed based on maltose liberated per mg protein per hour using 
soluble starch (15 mg mL-1) as substrate in 0.1 M phosphate buffer (pH 6.5) with 0.05 M NaCl at 37°C. One unit enzyme activity was 
defined as the amount enzyme that yielded the equivalent of 1-mole tyrosine per minute. One unit lipase per mL (U mL-1) defined as 1 
µmol of fatty acid liberated per minute 
 
 
 However, the current study was conducted to examine 
effects of Eleutherine bulbosa extract (EAE) on the growth 
and feed utilization of fish. This had not previously been 
researched. According to the best of our knowledge, the 
present study is the first to document the effects of dietary 
EAE supplementation on growth performance, feed 
utilization efficiency and hematological profile in 
Pangasianodon hypophthalmus.  

Previous research reported that there are three main 
groups of bioactive compounds that have been isolated 
from E. bulbosa; namely naphthalene, naphthoquinones, 
and anthraquinone (Insanu et al. 2014). Liu et al. (2010) 
and Kumar et al. (2015) revealed that the dietary 
anthraquinone augmented weight gain and feed efficiency 
in the freshwater prawn species Macrobrachium 
rosenbergii, and also improved growth indices and total 
leukocyte count in fingerlings of the carp, Cirrhinus 
mrigala. In this current study, we found that the 
supplementation of the diet with extracts of the bulb 
Pangasianodon hypophthalmus (EAE) enhanced final 
weight and AWG of the fish. This result is in line with the 
findings of Xie et al. (2008) and Babak et al. (2012) 
showing that fish (Rutilus frisii) supplemented with 0.5%-
2.0% anthraquinone extract from Rheum palmatum had 
significantly enhanced growth.   

 In this current study, EAE supplementation in the diet 
of P. hypophthalmus, besides increasing the growth 
performance of the fish also resulted in augmented hemato-
immuno competence. The highest leukocyte counts 
observed in the P4 group fed with 60 g kg-1 EAE 
supplementation might be due to the immune-boosting 
properties of anthraquinone that can be found in the EAE. 
This study is in agreement with the previous finding of 
Kumar et al. (2015) who reported that dietary 
anthraquinone, at a 1% incorporation level, augmented 
hematological parameters. Hematological parameters such 
as total leukocyte counts, and lymphocyte, neutrophil and 

monocyte counts are pivotal in assessing the physiological 
condition of fish. Total leukocytes, as well as the 
component neutrophil, lymphocyte, and monocyte counts, 
are used as an indicator of the hematological status of fish 
in relation to innate immune defenses and regulation of 
immunological function in the fish (Ballarin et al. 2004).  

Though the underlying mechanism(s) whereby EAE 
boosts the haematological indices of P. hypophthalmus is 
not properly understood, nevertheless, Nair et al. (2002) 
and Lyu and Park (2005) have suggested that flavonoid 
plant metabolites in the bulbs of E. americana (Kuntorini et 
al. 2016) may contribute to promoting cellular immunity by 
modulating Th-1 derived cytokines such as IL-2 
(Interleukin 2) and INFγ (Interferon). Flavonoids found in 
the EAE may be biocatalysts in the production of 
leukocytes and in stimulating nonspecific cellular 
immunity by leukocytes.  

Plant tissues also contain various substances that may 
modify the activity of enzymes (Kuz’mina 2014). For 
example, an increase in digestive enzyme activity could be 
responsible for enhanced nutrient utilization and better 
final weight and AWG in fish supplemented with EAE. In 
our study, the high amylase activity exhibited in fish fed 45 
g kg-1 EAE in the diet, was probably due to active 
compounds in EAE that stimulate digestive tract activity. 
Such stimulation reduces the time for food to pass through 
the digestive tract (Platel and Srinivasan 2000). 
Nevertheless, an increase in dietary EAE from 45 to 60 g 
kg-1 in our study resulted in a reduction in amylase activity 
in fish. This result is perhaps supported by the study of  
Ieyama et al. (2011) who found that aqueous methanol-
soluble extracts of E. bulbosa bulbs showed potent 
inhibitory activity that suppressed carbohydrate digestion. 
This inhibition was due to an active compound in the bulb 
of E. bulbosa, namely eleutherinoside A, which suppresses 
carbohydrate digestion. 
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Our present study also found that the fish fed EAE at 
levels higher than 30 g kg-1 in the diet showed a 
significantly increased lipase activity. This finding is 
supported by Ojha et al. (2014) who revealed that dietary 
supplementation with an ethanolic extract of the legume 
species Mucuna pruriens led to significant enhancement of 
intestinal lipase activity in Labeo rohita fingerlings. 
However, in this study, we found no significant effect of 
dietary EAE supplementation on the digestive protease 
activity of P. hypophthalmus. This finding is similar to 
previous research reporting that trypsin activity of 
Mesopotamichthys sharpeyi fingerling was not affected by 
supplementation with ginger extract (Rahimi-Yadkoori et 
al. 2015). Moreover, studies by Alarcón et al. (2001) found 
that extracts of various legume seeds significantly inhibited 
intestinal protease activity of yellow snapper (Lutjanus 
argentiventris) and dog snapper (Lutjanus novemfasciatus). 

In conclusion, the current findings showed that dietary 
supplementation by extracts of the plant Eleutherine 
bulbosa at levels higher than 30 g kg-1 in the diet is 
beneficial in improving growth rates, lipase activity, 
leukocyte, lymphocyte and monocyte counts, and 
phagocytosis activity of the catfish Pangasianodon 
hypophthalmus. However, further research needs to be 
conducted in order to find out the specific mechanism 
involved in how the EAE improves growth, hemato-
immunological indices, and the digestive enzyme profile.  
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