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Abstract

The effects of diets containing various levels (0, 1, 3 and 5%) of waterlily (Nymphaea
pubescens) stamen extract (NPSE) on growth performance and intestinal morphology were
investigated in common lowland frog (Rana rugulosa) with an initial weight of 16.09+0.50
g. After 11 weeks of feeding, growth parameters were evaluated. The results showed that
the frogs fed with diets supplemented with 3 and 5% of NPSE exhibited significantly
higher weight gain, specific growth rate and feed conversion ratio than frogs fed diets
supplemented with 0 and 1% of NPSE (P<0.05). Significant differences were not observed
in survival rate, hepatosomatic index and intestinosomatic index among the all diet groups
(P>0.05). Villi heights, villi widths and the thickness of intestinal muscle layers in
posterior intestine were significantly increased in frogs fed the diets containing NPSE
(P<0.05). Observations on histology of anterior intestine found a significant increase in
villi heights and circular muscularis thickness in the treated groups compared to the control
group (P<0.05). However, villi widths and longitudinal muscularis thickness of anterior
intestine did not affect by dietary treatment (P>0.05). Feeding behavior and feed
acceptability of the experimental groups were the same as the control group. The optimal
levels of NPSE observed in this present study were ranged between 3-5%. Our findings
suggest that NPSE can be applied in the diets as a growth promoter in common lowland
frog.

Keywords : Common lowland frog, Rana rugulosa, Waterlily Nymphaea pubescens, Growth
performance, Intestinal morphology.
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1. Introduction

Thailand is one of the frog producers
and exporters in the world. It is estimated
that cultured frogs produced by Thai
farmers were approximately 1,614 ton in
2012 and those frogs are sold both in the
domestic and international markets (1).
Three main types of frog products sold in
the markets are frog legs, live frogs and
educational and scientific purposes (2).

In Thailand, frog cultivation practices
can be divided into the following types:
pond, ditch and cage (1-3). Intensive frog
culture system is generally performed by
Thai farmers (2,3). By this practice, frogs
are grown in high density and may have
many problems with stress, limited space,
inadequate diet, cannibalism, predators and
water quality (3,4). Thus, good management
of frog diet and health should be attained.

Feed additives are commonly used by
mixing in animal feeds for the improvement
of growth and health status (5-7). The use
of synthetic substances could produce
harmful effects on animals, consumers as
well as the environment (5-7). This
knowledge leads researchers to find novel
feed additives which are obtained from
plants or other natural products (5-7).

Waterlily, a perennial aquatic herb, is
widely distributed throughout Southeast
Asia including Thailand. All parts of this
plant are useful for medicinal purposes (8).
Pharmacological investigations revealed
that waterlily has antioxidant, anti-
inflammatory, anti-diabetic and antibacterial
activities (8-12). The main classes of
phytochemical compounds found in
waterlily are alkaloids, flavonoids,
phenolics, tannins, saponins, and steroids
(8-10). It has also been shown that
quercetin, gallic acid, kaempferol and
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nuciferine were isolated and identified from
waterlily. (13). In aquaculture production,
Sivani et al. (14) found that fish diets mixed
with Nymphaea meal as an alternative
protein source can produce better growth
rates and survival in common carp
(Cyprinus carpio L.) when compared to the
basal diet. Our recent research indicated
diets supplemented with the leaf extract of
waterlily significantly enhanced growth
performance and feed efficiency of Nile
tilapia without unwanted side-effects during
the experimental period (15). As many
researchers have been reported on growth
promoting potential of waterlily in some
species of fish (14,15), however, its use in
frog production as a feed additive is scarce.
The aims of this research were conducted
to study the effects of diets containing
various levels (0, 1, 3 and 5%) of waterlily
stamen extract (NPSE) on growth
performance and intestinal morphology of
common lowland frog (Rana rugulosa).

2. Materials and Methods

2.1 Plant collection and extraction
Flowers of waterlily used in this
experiment were obtained from
Kantharalak District, Srisaket Province,
Thailand. Waterlily stamens were collected,
cleaned and dried in hot air oven at 50°C.
Dried stamens were extracted using 70%
ethanol for 14 days. The extract was then
filtered using Whatman paper No 1.,
removed the solvent by rotary evaporator
which was maintained at 50°C and 90 rpm.
The extract was dried by lyophilizer and
kept in refrigerator until used.
2.2 Frog rearing conditions
Common lowland frogs with an
initial weight of 16.09+0.50 g were obtained
from Ubon Ratchathani Fisheries
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Cooperatives, Ubon Ratchathani, Thailand.
They were distributed in earthen ponds
(0.5x1.5%x0.5 m?) in a completely
randomized design using 4 treatments and
3 replications. Each replication consisted of
30 frogs.

The basal diets were obtained from the
commercial feed company containing not
less than 30% crude protein and 4% lipid.
Each level (1, 3 and 5%) of NPSE was
added to the basal diets and mixed together
by using egg white as a binder (16).
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Proximate composition of dietary were
analyzed for their nutrient ingredients
including moisture (%), ash (%), crude
protein (%CP) and crude lipid (%CL) by
the procedures described by the Association
of Official Analytical Chemists (AOAC
International 2012) and the data of
proximate analysis are summarized in Table
1. Frogs in each treatment were fed the diets
containing NPSE for 11 weeks with
a rearing rate of 3.5% of live weight.

Table 1. Proximate composition of the experimental diets.

Diets
Proximate composition (%)
Control | 1%NPSE | 3%NPSE | 5%NPSE
Moisture (%) 4.14 5.12 6.11 6.09
Ash (%) 13.90 13.72 14.11 14.00
Crude protein (%CP) 31.48 31.69 32.41 32.37
Crude lipid (%CL) 6.94 6.97 7.11 7.09

Remarks: Control = the basal diet, NPSE = Nymphaea pubescens stamen extract.

2.3 Effects on growth parameters
At the end of the treatment period,
frogs were fasted for 24 hr. Growth param-
eters were evaluated by using following
equations:

Weight gain (WG) = final frog weight
(g) — initial frog weight (g).

Average daily growth (ADG, g/d)
= (final wet weight- initial wet weight)/
experimental days.

Specific growth rate (SGR, % d)
= 100x [In final wet weight (g) — In initial
wet weight (g)]/experimental days.

Feed conversion ratio (FCR) =
feed intake (g)/ weight gain (g).

Survival rate (SR, %) = 100x
(final number of frog/initial number of
frog).

Ten frogs from each replication were
randomly collected to dissect internal
organs including liver and intestine and
calculate the relative organ weights by using
following equation.

Relative organ weight (%) = 100x
(weight of organ (g)/weight of fish (g)).

Ponds were cleaned every 5 days.
Dissolved oxygen, pH and water
temperature were maintained in standard
conditions (4). Dead frogs, if present, were
removed immediately and noted.
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2.4 Effect on intestinal morphology
At the end of experiment period,
frogs were fasted for 24 h and weighted.
Double-pitched frogs were cut the
abdominal wall carefully to obtain the
gastrointestinal tracts using sharp scissors.
The intestines were collected, cleared from
adipose tissues and subsequently divided
into two parts: anterior intestine and
posterior intestine. The specimens were
fixed in 10% neutral buffered formalin,
dehydrated in ethanol, embedded in paraffin
and cut into 5 pm thick. The sections were
then strained with haematoxylin and eosin
(H&E). The thickness of intestinal wall, the
height of villi and the thickness of villi were
measured from the intestine slides under the
light microscope connected to the
computer running DinoCapture 2.0 software
and recorded.
2.5 Statistical analysis
Data are expressed as means
+ standard error of mean (SEM). Parameters
of frog growth were analyzed by one-way
analysis of variance (ANOVA), followed by
Duncan’s multiple range test. Significant
differences were set at P<0.05.
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3. Results

3.1 Effects on growth parameters

During the 11 weeks of experi-
ment, growth parameters of reared frogs
were evaluated. The results showed that the
frogs fed with diets supplemented with 3
and 5% of NPSE exhibited significantly
higher WG, ADG and SGR than frogs fed
diets supplemented with 0 and 1% of NPSE
(P<0.05). FCR values diets were
significantly decreased in frogs fed with 3
and 5% NPSE compared to the control
(P<0.05). Significant differences were not
observed in the survival rate, hepatosomatic
index as well as intestinosomatic index
among the all diet groups (P>0.05). In
addition, feeding behavior and feed
acceptability of the experimental groups
were the same as the control group. The
suitable levels of NPSE observed in this
research were ranged between 3-5%. The
effects of dietary supplementation with
NPSE on growth of frogs are summarized
in Table 2 and the average body weights of
frogs in each treatment weighed in every
other week are shown in Figure 1.
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Table 2. Effects of dietary supplementation with NPSE on growth performance of common
lowland frogs.

Parameters Diets

Control 1% NPSE 3%NPSE 5%NPSE
Initial weight (g) 16.10+0.57 16.09+0.70 16.10+0.42 16.10+0.32
Final weight (g) 58.40+0.922 70.80+£2.63° 76.60+1.36¢ 81.40+£5.07¢
WG (g) 41.32+0.74* 54.64+1.67° 60.52+0.86° 65.32+2.69¢
ADG (g/d) 1.37+0.032 1.80+0.04° 2.03+0.06¢ 2.20+0.06°¢
SGR (% d") 4.18+0.04* 5.34+0.07° 5.40+0.06° 5.484+0.05°
FCR 2.39+0.06* 1.85+0.12° 1.63+0.14° 1.5240.12¢
SR (%) 99.00+1.00 99.00+1.00 97.00+£3.00 100.00+0.00
HSI (%) 2.40+0.19 2.51+0.14 2.47+0.49 2.84+0.12
ISI (%) 8.54+1.15 8.81+1.65 8.16£1.26 8.25+1.19

Remarks: Data were presented as mean+SEM. Values with different superscripts (*°)
within the same row are significantly different (P<0.05). NPSE = N. pubescens stamen
extract; WG = weight gain; ADG = average daily growth; SGR = specific growth rate;
SR = survival rate; HSI = hepatosomatic index; ISI = intestinosomatic index.
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Figure 1. Average body weights of frogs fed the basal diet (control) and the diets
containing 1%, 3% and 5%NPSE for 11 weeks. NPSE = N. pubescens stamen

extract.
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3.2 Effect on intestinal morphology
Observations on intestinal
morphology of frog fed dietary NPSE found
a marked increase in villus height, villus
thickness as well as the thicknesses of
longitudinal muscularis and circular mus-
cularis of posterior intestine compared with
the control (P<0.05). In anterior intestine,
increased villi heights and circular
muscularis thickness were found in the
experimental groups (P<0.05). However,
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there were no significant differences in
villi widths and longitudinal muscularis
thickness in anterior intestine of frogs fed
the diets containing NPSE (P>0.05). The
effects of the diets mixed with NPSE on
intestinal morphology of frogs are
summarized in Table 2 and the cross
sections of anterior and posterior intestines
obtained from frogs fed the experimental
diets are shown in Figures 2 and 3.

Table 3. Intestinal morphology of frogs fed the diets containing NPSE for 11 weeks.

Anterior intestine

Posterior intestine

Diets

Villus height
(nm)

Longitudinal
muscularis
thickness

(um)

Villus thickness
(um)

Circular
muscularis
thickness
(um)

Villus height
(um)

Villus thickness
(nm)

Longitudinal
muscularis
thickness

(um)

Circular
muscularis
thickness

(um)

Control

2843.44+145.04°

1073.40+65.78 | 234.85+20.99

686.30+50.22°

2442.07+98.13¢

734.66+35.04*

214.64+10.50°

660.64+52.70°

1% NPSE

4150.14+202.50°

907.33+81.53 | 314.27+69.47

869.09+£107.90°

3395.02+307.68°

1033.66+101.16°

254.97+6.91°

989.96+55.65¢

3% NPSE

3283.91+434.48®

1047.44£75.19| 270.22+13.41

942.16+54.33°

2461.88+244.17°

741.13+46.51°

270.39+16.95°

714.86+£77.07*

5% NPSE

3194.94+392.14®

974.04+63.36 | 270.84+14.26

1004.99+60.76"

3294.114£261.25°

941.19+70.59°

259.35+12.15°

874.61+60.50™

Remarks : Data were presented as mean+SEM. Values with different superscripts (*<)
within the same column are significantly different (P<0.05). NPSE = N. pubescens

stamen extract.
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Figure 2. Portions of anterior intestine of frogs fed the diets containing NPSE for 11 weeks.
NPSE = N. pubescens stamen extract. A = section of anterior intestine collected from frog
fed the diets incorporated with the control diet, B = section of anterior intestine collected
from frog fed the diets incorporated with 1% NPSE, C = section of anterior intestine
collected from frog fed the diets incorporated with 3% NPSE, D = section of anterior
intestine collected from frog fed the diets incorporated with 5% NPSE. Scale bar = 1000 um.

Figure 3. Portions of posterior intestine of frogs fed the diets containing NPSE for 11
weeks. NPSE = N. pubescens stamen extract. A = section of posterior intestine collected
from frog fed the diets incorporated with the control diet, B = section of posterior intestine
collected from frog fed the diets incorporated with 1% NPSE, C = section of posterior
intestine collected from frog fed the diets incorporated with 3% NPSE, D = section of

posterior intestine collected from frog fed the diets incorporated with 5% NPSE. Scale bar
=1000 pm
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4. Discussion

4.1 Effects on growth parameters

Medicinal plants and their
derivatives are generally used to alleviate
various diseases in human. In addition, the
application of many herbal plants to animal
feeds for improving growth and health of
cultured animals is rapidly increased in the
last few decades (5-7). It is widely accepted
that the utilization of natural compounds
and metabolites is safer than the synthetics
(5-7). Thus, our research was aimed to study
the effects of NPSE on growth performance
of common lowland frogs. We found that
frogs fed the diets containing NPSE
significantly increased final weight, WG,
ADG and SGR. In addition, FCR values of
the experimental frogs were lower than
those of the control frogs, indicating that
NPSE could be used as feed additive in
aquatic feeds to promote productivity. Our
study also showed that 3-5% of NPSE were
suitable for use in the frog diets.

Few data are focused on the use of
herbal plants in frog cultivation. Choshasee
et al. (17) found that diets supplemented
with Centella asiatica and Zingiber
montanum at the concentrations of 0.5, 1.5
and 2.5% did not produce any change in
growth and health of common lowland frog
when compared to the control diet.
However, frog diets mixed with 2.5% of C.
asiatica and 1.5 and 2.5% of Z. montanum
effectively inhibited the growth of
Flovobacterium multivorum in
subcutaneous tissue of treated frogs. In
addition, Klahan and Sirithanawong (18)
reported that frogs and tadpoles fed the diets
supplemented with bromelain enzyme
extracted from crown of pineapple at the
levels of 0.25, 0.5 and 1 ml/g feed
significantly increased protein digestibility
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in a dose dependent manner. The optimum
levels of bromelain observed were 0.5 and
1 mg/g feed (18). Dietary supplementation
with dried powers of Pueraria mirifica
tubers (20 g/kg feed) and Butea superba
roots (20 g/kg feed) significantly enhanced
the growth of frog tadpoles and improved
the developmental change from tadpole to
frog (19). Suriya et al. (20) observed that
diets incorporated with the extracts of
Spirulina platensis and Phyllanthus
emblica significantly increased the survival
rate of tadpole when compared with the
control diet.

There is evidence that growth
promoting properties of medicinal plants
could be attributed to the enhancement of
palatability of feeds, feed acceptability,
nutrient digestion and absorption as well as
the functions of digestive enzymes
(amylase, protease and lipase), resulting in
the increases of appetite, food consumption
and growth (5-7). Immunomodulatory,
antifungal, antibacterial, antiviral and
antioxidant properties of herbs could also
maintain and support health and
performance of animals, due to the
prevention of various opportunistic
diseases (5-7).

Similar to the actions of herbal plants
described above, the mechanisms of growth
promoting effects of NPSE on frog
observed might be attributed to the
improvement of feed intake, palatability and
digestive enzyme functions, leading to
better growth performance and feed
utilization efficiency (5-7).

Several classes of plant secondary
metabolites such as alkaloids, flavonoids,
saponins, triterpenoids, steroids and
essential oils have been isolated, identified
and tested for their growth promoting
properties in certain species of aquatic



38

animals (5-7). Previous investigations
indicated that alkaloids, flavonoids,
phenolics, saponins, and steroids are the
main compounds found in waterlily. (8-10).
Thus, growth promotion of waterlily
observed in this present investigation could
be attributed to the actions of alkaloids,
flavonoids, phenolics or saponins. Frog fed
the diets containing 3-5% NPSE resulted
higher growth than those fed on the diet
containing 1% NNSE. This result may be
due to the amount of phytochemicals
contained in 3-5% NPSE could reach the
optimal levels for supporting growth and
general well-being of frog.

It has been reported that plants used in
animal feed production may contain some
anti-nutritional components such as tannin
which would decrease growth and feed
utilization efficiency of animals. Becker and
Makkar (21) revealed that common carp fed
the diet mixed with 2% quebracho tannin
for 84 days did not exhibit any side effects.
On the other hand, on day 28 of the
experimental period, carp fed the diet
containing 2% tannic acid reduced feed
intake, metabolic growth rate and oxygen
consumption compared to control (21).
Thus, further studies are required to isolate,
identify and test some active compounds or
anti-nutritional contents found in waterlily
for testing their biological effects such as
growth improvement and immunostimulation
in aquatic animals.

4.2 Effect on intestinal morphology

To the best of our knowledge, this
present study is the first to demonstrate the
effects of the diets containing NPSE on frog
intestinal morphology. We found that
dietary NPSE potentially enhanced the
thicknesses of longitudinal muscularis and
circular muscularis, villi heights as well as
villi widths in anterior and posterior
portions of frog intestines.
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It is generally accepted that the study
of intestinal morphology could be useful for
understanding the effects of medicinal
plants and their compounds on digestion
and absorption of nutrients (22-24). The
increases of intestinal villi lengths and
widths could enhance the absorptive surface
area of the gastrointestinal tract and these
assessments are positively associated with
feed uptake of aquatic animals (22-24).
Additionally, increased thickness of the
intestinal muscle layers would also support
the movement of digestive tract to evoke
nutrient digestibility and moisture
absorbability (24-27). Our data revealed
that frogs fed diets supplemented with
NPSE increased the height of villi, width of
villi and thickness of intestinal muscles
when compared with the control. Thus, our
findings indicated that NPSE could be used
to improve frog growth, which is due to the
enhancement of gut absorption area
produced by NPSE (24-27).

The mechanisms of action by which
natural products stimulate intestinal muscle
development and increase intestinal villi
lengths and widths in frog intestines are not
clear yet. However, several studies
hypothesized that medicinal plants and their
active ingredients might improve intestinal
cell proliferation and differentiation
(22-27). Moreover, herbs may also increase
intestinal cell division and decrease
apoptosis, leading to an increase in
thicknesses of intestinal villi and intestinal
wall (22-27). Based on these scientific
evidences, it is possible to speculate that
NPSE could promote cell proliferation and
cell division in frog intestines in order to
enhance the digestive ability and intestinal
morphology in this research (22-27). Thus,
improved intestinal morphology would
relate to the improvement of growth rate
and feed utilization efficiency.
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5. Conclusion

Our present study is the first report to
indicate that NPSE could be submitted to
anovel natural feed additive in frog culture
as it can improve growth performance, feed
efficiency and intestinal histology of
common lowland frog. The optimal
concentrations of NPSE observed in this
research were ranged between 3-5%.

6. Acknowledgement

We would like to acknowledge Ubon
Ratchathani Rajabhat University for facili-
ties and equipment support.

7. References

(1) Fishery Statistics Analysis and
Research Group, Department of
Fisheries. Fisheries Statistics of
Thailand 2012. No. 9/2014. 2014
Aug;P. 50. Thai.

(2) Muanmeangsong P, Aditto S,
Suriya P. Production and marketing
of frog farming in Mueang District,
Loei Provine. Prawarun Agr J. 2014
Jan-June;11(1):65-72. Thai.

3) Pariyanonth P, Daorerk V. Frog
farming in Thailand. In Nambiar
KKB, Singh T, (editors).
Infofish-Aquatech’94: Proceedings
of the International Conference on
Aquaculture; 1994 Aug 29-31;
Colombo, Sri Lanka;1994. P. 1-13.

4) Zhang C-X, Huang K-K, Wang L,
Song K, Zhang L, Li P. Apparent
digestibility coefficients and amino
acid availability of common protein
ingredients in the diets of bull frog,
Rana (Lithobates) catesbeiana.
Aquaculture. 2015 Feb 1;437;
38-45.

()

(6)

(7

(8)

9)

(10)

(11)

39

Citarasu T, Herbal biomedicines:
a new opportunity for aquaculture
industry. Aquacult Int. 2010
Apr;18(3):403-14.

Durmic Z, Blache D. Bioactive
plants and plant products: effects on
animal function, health and welfare.
Anim Feed Sci Tech. 2012 Sep
21;176(1-4):150-62.

Reverter M, Bontemps N, Lecchini
D, Banaigs B, Sasal P. Use of plant
extracts in fish aquaculture as an
alternative to chemotherapy:
current status and future
perspectives. Aquaculture. 2014
Sept 20;433:50-61.

Mohan Maruga Raja MK, Sethiya
NK, Mishra SH. A comprehensive
review on Nymphaea stellata:
a traditionally used bitter. J Adv

Pharm Tech Res. 2010
Jun-Sep;1(3):311-19.
Parimala M, Shoba FG.

Phytochemical analysis and in vitro
antioxidant activity of
hydroalcoholic seed extract of
Nymphaea nouchali Burm. f. Asian
Pac J Trop Biomed. 2013
Nov;3(11):887-95.

Debnath S, Ghosh S, Hazra B.
Inhibitory effect of Nymphaea
pubescens Willd. flower extract on
carrageenan-induced inflammation
and CCl,-induced hepatotoxicity in
rats. Food Chem Toxicol. 2013
Sep;59:485-91.

Rajagopal K, Sasikala K.
Antihyperglycaemic and
antihyperlipidaemic effects of
Nymphaea stellata in alloxan-
induced diabetic rats. Singapore
Med J. 2008 Feb;49(2):137-41.



40

(12)

(13)

(14)

(15)

(16)

Antonisamy P, Subash-Babu P,
Alshatwi AA, Aravinthan A,
Ignacimuthu S, Choi KC, Kim J-H.
Gastroprotective effect of
nymphayol isolated from
Nymphaea stellata (Willd.) flowers:
contribution of antioxidant, anti-
inflammatory and anti-apoptotic
activities. Chem-Biol Interact. 2014
Dec 5;224:157-63.

Fossen T, Larsen A, Kiremire BT,
Andersen OM, Flavonoids from
blue flowers of Nymphaea
caerulea. Phytochemistry. 1999
Aug;51(8):1133-31.

Sivani G, Reddy DC, Bhaskar M,
Effect of Nymphaea meal
incorporated diets on growth, feed
efficiency and body composition in
fingerlings of Cyprinus carpio L. J
App Nat Sci. 2013;5(1):5-9.
Pharadee K, Seemabut S,
Wiriyakarun S, Munglue P. Effect
of Nymphaea pubescens leaf extract
on growth of Nile tilapia
(Oreochromis niloticus). Local
Development toward ASEAN:
Engagement University:
Proceedings of the 8™ Ubon
Ratchathani University
Conference; 2014 Jul 17-18; Ubon
Ratchathani, Thailand; 2014.
P. 9-16.

Maneeprasert P, Srisuriyathada A,
Wongsathein D, Khattiya R,
Pikulkaew S. Effect of cysteamine
on growth performance in juvenile
red tilapia (Oreochromis sp.).
Chiang Mai Vet J. 2009 Apr;7(1):
31-8. Thai.

(17)

(18)

(19)

(20)

21)

KKU Res. J. 2016; 21(2)

Choshasee T, Barnette P,
Jintasthaporn O, Silapachai W,
Junprasirt S. Effect of indian penny
wort (Centella asiatica) and phlai
(Zingiber montanum) supplementation
in feed on growth performance and
health of common lowland frog
(Rana rugulosa). Proceedings of
48" Kasetsart University Annual
Conference: Fisheries; 2010 Feb
3-5; Bangkok, Thailand; 2010. P.
336-44. Thai.

Klahan R, Sirithanawong B. In vitro
protein digestibility of bromelain
from pineapple crown and enzyme
from gastrointestinal tract of
common lowland frog. Khon Kaen
Arg J. 2015;43(Suppl 1):523-28.
Thai.

Kaewtapee V, Wadwijid P, Smitasiri
Y. Induction of frog tadpole
development with Pueraria mirifica
dried tuber and Butea superba root
powder. Khon Kaen Arg J.
2011;39(Suppl 1):260-64. Thai.
Suriya N, Promya J, Chitmanat C,
Effects of the Spirulina platensis
and Phyllanthus emblica Linn.
extract additional diets on the
reproductive maturation of lowland
frog (Rana rugulosa, Wiegmann)
and its tadpole development. KKU
Res J. 2014 Nov-Dec;19(6):753-62.
Thai.

Becker K, Makkar HPS. Effects of
dietary tannic acid and quebracho
tannin on growth performance and
metabolic rates of common carp
(Cyprinus carpio L.). Aquaculture.
1999 May 15;175(3-4):327-35.



KKU Res. J. 2016; 21(2)

(22)

(23)

(24)

Haibin H, Yanjiao Z, Kangsen M,
Qinghui A, Wei X, Wenbing Z,
Yanxian L, Jintao L. Effects of
dietary stachyose on growth
performance, digestive enzyme
activities and intestinal morphology
of juvenile turbot (Scophthalmus
maximus L). J Ocean Univ China.
2015 Oct;14(5):905-12.

Hlophe SN, Moyo NAG. Replacing
fishmeal with kikuyu grass and
moringa leaves: effects on growth,
protein digestibility, histological
and haematological parameters in
Clarias gariepinus. Turk J Fish
Aquat Sci. 2014 Sep;14(3):
795-806.

Hlophe SN, Moyo NAG. A
comparative study on the use of
Pennisetum clandestinum and
Moringa oleifera as protein sources
in the diet of the herbivorous
Tilapia rendalli. Aquacult Int. 2014
Aug;22(4):1245-62.

(25)

(26)

(27)

41

Antushevich H, Krawczynska A,
Kapica M, Herman AP, Zabielski R.
Effect of apelin on mitosis,
apoptosis and DNA repair enzyme
OGG 1/2 expression in intestinal
cell lines IEC-6 and Caco-2. Folia
Histochem Cytobiol. 2014;52(1):
51-9.

Zheng Q, Wu Y, Xu H. Effect of
dietary oxidized konjac
glucomannan on Schizothorax
prenanti growth performance, body
composition, intestinal morphology
and intestinal microflora. Fish
Physiol Biochem. 2015
Jun;41(3):733-43.

Fang C, Ma M, Ji H, Ren T, Mims
SD. Alterations of digestive enzyme
activities, intestinal morphology
and microbiota in juvenile
paddlefish, Polyodon spathula, fed
dietary probiotics. Fish Physiol
Biochem. 2015 Feb;41(1):91-105.



