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ABSTRACT

Two hundred, one-day old Thai native chickens were investigated for the effects of growth performance and intestinal
morphology, when replacing their fish meal (FM) with suckermouth armored catfish (Pterygoplichthys pardalis) meal
(PPM) in diets. Experimental groups were fed ad libitum; the basal diet with 100% FM (control), and the basal diet with
PPM 25% (T1), 50% (T2), 75% (T3), and 100% (T4). Twenty chickens (4 chickens per each group) were euthanized and
small intestinal tissues were collected in order to determine the morphology. From 1-84 days of age; chickens in the
control, T1, T2, T3, and T4 groups presented no significant differences (P>0.05) in growth performances (average daily
feed intake, average daily gain, and feed conversion ratio). However, villus height, and villus height per crypt depth ratio
were greatest in duodenal, jejunal, and ileal tissue segments of chickens in the T1 group (P≤0.05). Our preferred
interpretation is that PPM can may be used to replace FM in chicken diet without any adverse impacts on growth
performance. Moreover, our results demonstrate that replacement of FM with PPM can be improved intestinal lumen
health, as indicated by villus height.
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INTRODUCTION

Today’s consumers have acquired a taste and
preference for native chickens over those of commercial
broiler chickens (Moharrery and Mirzaei, 2014). The
Pradu Hang Dum chicken is the one of the native
chickens of Thailand. Compared to fast-growing
chickens, native chicken breeds show lower growth
performance and smaller proportions of breast muscle in
the carcass; however, their meat has many quality
characteristics valued by modern consumers (Sokołowicz
et al., 2016; Shafiq et al., 2018). In Thailand, the demand
for meat consumption of native chicken is basically
higher than supply, as people consider the native chicken
meat to be healthier and tastier than commercial broiler
meat. This is because the meat of native chickens
contains lower fat content, cholesterol, and triglycerides
(Jaturasitha et al., 2016). For the survivability of
Thailand’s native chicken industry, productions costs
must be kept as minimum as possible. Total feed costs
report for nearly 70 to 80% of the total cost of chicken
production (Chang, 2007; Józefiak et al., 2018), and
protein costs at about 13% of the total cost. In many
cases, this type of production may be price prohibitive for

smallholder chicken farmers experiencing default
economies of scale and limited access to credit.
Moreover, several countries have problems with the
supply and quality of feed ingredients for their extensive
poultry industry; in which feed ingredients and protein
sources are limited, making the formulation of a balanced
diet especially difficult. The primary ingredient in
chicken diets is a fish meal (FM); due to its high level of
protein content, high essential amino acid and fatty acid
composition, high palatability, and high digestibility for
chickens (Donkoh et al., 2001; Cho and Kim, 2011). On
the other hand, FM is the most expensive ingredient, and
is in very limited supply. The use of cheap protein
ingredients as a partial or total replacement for FM in
livestock animal diets has become an international
research priority. An alternative protein source has been
inexpensive, easy to use, and enough for demand.
Additionally, it must be found the basal amino acid
requirements for poultry, and sufficiently palatable to
reduce rejection by chickens (El-Sayed et al., 2018).

The suckermouth armored catfish
(Pterygoplichthys pardalis) is an invasive fish species in
several regions in Thailand and other Asian countries
(Orfinger and Goodding, 2018). It can breed in a variety
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of aquatic habitats, tolerate polluted environments, and
has a negative effect for several native fish species by
destroying or eating their eggs. Moreover, it has hard
scales, except for the stomach area, which is why it is not
suitable for human consumption (Orfinger and Goodding,
2018). Furthermore, Indarsih et al. (2016) observed that
the effect of feeding suckermouth armored catfish (sapu-
sapu fish) as a single protein source improved egg quality
of local duck. The suckermouth armored catfish is a
potential feed ingredient for chicken feeding, as well as a
dietary protein alternative, and a source of income for the
rural poor. However, the potency of the Pterygoplichthys
pardalis meal (PPM) as a feed ingredient for chickens
requires further study. The nutrient content of PPM, a
very important factor in formulating a protein diet, has
not been widely recognized. A greater understanding of
the Pterygoplichthys pardalis meal (PPM) is essential to
the increase in the potency of PPM as a feed ingredient
for poultry. Thus, the objective of our study was therefore
to evaluate the effects of the FM replacement with PPM
in diets on growth performance and intestinal histology in
Thai native chickens (Pradu Hang Dam chickens).

MATERIALS AND METHODS

Experiment location: This experiment was conducted at
the Division of Animal Science, School of Agriculture
and Natural Resources, University of Phayao, Phayao,
Thailand (Latitude: 19°02' N / Longitude: 99°54' E). All
experiments were conducted according to the guidelines
established for the care and use of laboratory animals,
and have been approved by Maejo University, Thailand.

Preparation of PPM: The suckermouth armored catfish
from Phayao lake (Kwan Phayao) (Latitude: 19°8.5' N to
19°12' N and Longitude: 99°51' E to 99°55' E), Phayao
province, Thailand were used to prepared the PPM.
Those weighing between 200-300 g and over were slain.
The internal organs were removed from the body’s
internal cavity. Each fish sample was granulized using a
cutting mill to a small piece (0.5-1.0 mm). A small
particle size was dried in a hot air oven at 60 °C for 48 h.

Chemical compositions analysis: Dry matter, ash, crude
fat, crude fiber, and crude protein were measured within
the PPM according to the AOAC (2012). The chemical
composition and amino acid profiles of the FM and PPM
were determined in triplication. Gross energy was
determined using a bomb calorimeter, and amino acid
profiles were conducted according to White et al. (1986).
The HPLC system (Shimadzu Isocratic System, Japan)
was employed for the determination of amino acids using
a Restek’s Ultra IBD column (Pennsylvania, USA). The
chemical compositions and amino acid profiles of the FM
and PPM are demonstrated in Table 1 and Table 2,
respectively.

Chickens and nutritional treatments: A total of 200,
straight-run Thai native chickens (Pradu Hang Dam
chickens), from the Department of Livestock
Development, Phayao Province, Thailand, was used in
this study (January to March 2019). The experiment was
designed as a completely randomized design. The
experimental birds were distributed into 5 nutritional
treatments, with 4 replicates of 10 birds each. The
treatment groups received the following diets for 12
weeks: basal diet with 100% FM (control group), and
basal diet with 25% PPM (T1 group), 50% PPM (T2
group), 75% PPM (T3 group), and 100% PPM (T4
group). The chickens received the experimental diets and
clean water ad libitum during the experimental period.
The experimental diets were formulated to meet poultry
requirements for nutrients (NRC, 1994) (Table 3). Feed
intake, body weight, and feed efficiency were recorded
weekly, and analyzed. Thereafter, average daily gain
(ADG), average daily feed intake (ADFI), and feed
conversion ratio (FCR) were evaluated.

Intestinal tissue sampling and preparation: Twenty
Thai native chickens (4 chickens per each dietary group)
were euthanized (cervical dislocation) at 84 days of age.
The gastrointestinal tract from the proventriculus to the
end of the intestine was excised. The small intestine was
collected in order to obtain a 10-15 cm sample. The tissue
samples were then cut into 3 segments that included
duodenal, jejunal, and ileal parts (Khambualai et al.,
2009b). Each segment of small intestine was sectioned
into 2.0-3.0 cm pieces. The intestinal segments were
washed in ice-cold PBS by flushing intestine with a
syringe. The duodenal, jejunal and ileal tissue segments
were cut into a 1.0 mm piece and fixed in the 10% neutral
buffered formalin for 24 h. After fixation, the small
intestinal tissue was dehydrated in alcohol solutions of
increasing concentrations (from 10% to absolute),
infiltrated with xylene, and embedded in paraffin wax.
Each section was then cut to a 4 µm thickness via a
microtome machine (Medite model A550, Burgdorf,
Germany), affixed to a glass slide, and heated at 40 C
until the samples and paraffin were dried. The intestinal
tissue sample was stained with Haematoxylin and Eosin
(Rakowska et al., 1993). In this experiment, sixty images
per each treatment were used to analyze intestinal
morphology. The histological sections were evaluated (10
× magnification) via a compound microscope (A1 Zeiss
Axio Scope, Germany) and visualized using a high-
quality digital camera (Canon EOS-6D mark, Canon
USA, Inc.), in order to evaluate the morphometric
parameters of the small intestine. Thereafter, the
morphometric parameters (villus height, villus width,
crypt width, crypt depth, crypt area, muscularis mucosae
thickness, and villus height per crypt depth ratio) were
quantified according to the procedures described by
Tapingkae et al. (2016) with the use of Motic Images
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Plus 2.0 software (Motic China Group Co, Fujian,
China).
Statistical analysis: Growth performance and intestinal
morphology were analyzed using one-way ANOVA. The
differences between the means of growth performance
and intestinal morphology were evaluated by Duncan’s
New Multiple Range Tests. The linear and quadratic
effects of the increasing levels of PPM on growth
performance were also analyzed. Significance was
considered at P≤0.05. The tests were carried out through
the using SPSS software (Version 23.0; SPSS Inc.,
Chicago, IL, USA).

RESULTS

Growth performance of the Pradu Hang Dum
chickens: The initial and final weights did not differ
(P>0.05) among experimental groups. During the first 1-
28 days of age (Phase 1), the ADG was greater (P≤0.01),
and the FCR lower (P≤0.05) in the T1 group compared
with the control, T2, T3, and T4 groups (Table 4). During
the 29-84 days of age (Phase 2), ADFI, ADG, and FCR
did not differ (P>0.05) among experimental groups
(Table 4). Overall, days 1-84, chickens in the control, T1,
T2, T3, and T4 groups presented no significant difference
in ADFI, ADG, and FCR (P>0.05) (Table 4). Moreover,
there were no linear and quadratic relationships between
replacement FM with PPM level and growth performance
(Table 4).

Duodenal histology: Figure 1 illustrates light
photomicrographs of Hematoxyline and Eosin-stained
duodenal tissues of Pradu Hang Dam chickens that
received the basal diet with 100% FM (control; Fig. 1A),
and the basal diet with PPM 25% (T1; Fig. 1B), 50% (T2;
Fig. 1C), 75% (T3; Fig. 1D), and 100% (T4; Fig. 1E).
Chickens that received a basal diet of 25% PPM (T1) had
a greater villus height of the duodenal tissue section
(P≤0.01), compared with the T3, T4, T2, and control
groups (Table 5). On the other hand, the villus width of
the duodenal tissue section was greater in the control
group than in groups T1, T3, T4, and T2 (Table 5). Crypt
depth of the duodenal tissue section did not differ
(P>0.05) among dietary treatments (Table 5). Chickens in
the T4 group that were fed a basal diet of 100% PPM
replacing FM showed a decrease in crypt width of the
duodenal tissue section (P≤0.05; Table 5). Crypt area was
lowest (P≤0.01) in the duodenal tissue section of
chickens fed the 100% FM diet (control group; Table 5).
Muscularis mucosae thickness was greatest in the control
group compared with groups T2 and T3, but was not

different when compared with groups T1 and T4 (P≤0.05;
Table 5). Villus height per crypt depth ratio was greatest
(P≤0.01) in the duodenal tissue sections of chickens
receiving a basal diet with 25% PPM replacing FM (T1)
(Table 5).

Jejunal histology: Figure 2 shows light
photomicrographs of Hematoxyline and Eosin-stained
jejunal tissues of chickens that received the basal diet
with 100% FM (control; Fig. 2A), and the basal diet with
PPM 25% (T1; Fig. 2B), 50% (T2; Fig. 2C), 75% (T3;
Fig. 2D), and 100% (T4; Fig. 2E). Villus height was
greatest (P≤0.05) in the jejunal tissue section of chickens
receiving a basal diet with PPM replacing FM at 25%
(T1) (Table 6). Villus width was greatest in the control
group compared with groups T1, T3, and T4; but no
difference was observed when compared with the T2
group (P=0.05; Table 6). Crypt depth, crypt width, and
muscularis mucosae thickness did not differ (P>0.05)
among the experimental groups (Table 6). Crypt area was
greater (P≤0.01) in the jejunal tissue section of the
control group versus groups T4, T3, T2, and T1 (Table
6). Chickens that received a basal diet with PPM
replacing FM at 25% (T1) had a greater villus height per
crypt depth ratio compared with T2, T3, T4, and the
control groups (P≤0.01; Table 6).

Ileal histology: Figure 3 demonstrates light
photomicrographs of Hematoxyline and Eosin-stained
ileal tissues of chickens that received the basal diet with
100% FM (control; Fig. 3A), and the basal diet with PPM
25% (T1; Fig. 3B), 50% (T2; Fig. 3C), 75% (T3; Fig.
3D), and 100% (T4; Fig. 3E). Chickens that received a
basal diet with PPM replacing FM at 25% (T1) had
greater (P≤0.01) villus height compared with chickens in
the control, T2, T3, and T4 groups (Table 7). Villus width
was greatest in the T4 group, compared with the control,
T1, and T3 groups; but was not different compared with
group T2 (P≤0.01; Table 7). Crypt depth was greatest
(P≤0.01) in the ileal tissue section of chickens receiving a
basal diet with PPM replacing FM at 75% (T3) (Table 7).
Crypt area was greatest (P≤0.01) in the ileal tissue section
of the T2 group (Table 7). Crypt width was greatest in the
ileal tissue section of the control group, compared with
group T3, but was not different when compared with
groups T1, T2, and T4 (P≤0.01; Table 7). Dietary
treatments had no effect (P>0.05) on muscularis mucosae
thickness in the ileal tissue section of chickens (Table 7).
Moreover, chickens receiving a basal diet with PPM
replacing FM at 25% (T1) had higher villus height per
crypt depth ratio (P≤0.01), compared with chickens in the
control, T2, T3, and T4 groups (Table 7).
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Table 1 Chemical compositions of FM and PPM

Chemical composition FM* PPM* P-value
Dry matter (%)† 86.78 ± 0.391b 97.01 ± 0.571a ≤0.001
Ash (%) 20.96 ± 0.026b 25.14 ± 0.147a ≤0.001
Ether extract (%) 9.73 ± 0.014a 6.00 ± 0.231b ≤0.001
Crude fiber (%) 0.44 ± 0.006a 0.04 ± 0.032b ≤0.001
Crude protein (%) 56.99 ± 0.018b 62.18 ± 0.100a ≤0.001
Nitrogen free extract (%) 11.89 ± 0.053a 6.62 ± 0.415b ≤0.001
Gross energy (kcal/g) 3905 ± 2.905a 3869 ± 3.511b 0.001
a,b Means in the same row with different superscripts differed by t-test.
* Data are expressed as mean ± standard error of mean.
† Dry matter of FM and PPM are air-dry basis, others are dry-matter basis.
Abbreviations: FM, fish meal; PPM, suckermouth armored catfish meal.

Table 2 Amino acid compositions of FM and PPM (mg/g)

Amino acid FM* PPM* P-value
Essential amino acid
Histidine 30.07 ± 0.018a 29.52 ± 0.009b ≤0.001
Isoleucine 22.20 ± 0.009a 19.16 ± 0.003b ≤0.001
Leucine 52.35 ± 0.017a 45.22 ± 0.009b ≤0.001
Lysine 170.12 ± 0.015b 175.99 ± 0.006a ≤0.001
Methionine 14.22 ± 0.015a 9.78 ± 0.003b ≤0.001
Phenylalanine 47.42 ± 0.012a 43.59 ± 0.006b ≤0.001
Threonine 6.49 ± 0.003b 6.63 ± 0.006a ≤0.001
Tryptophan 4.08 ± 0.020a 3.67 ± 0.006b ≤0.001
Valine 16.23 ± 0.015a 15.54 ± 0.009b ≤0.001
Proline 15.86 ± 0.009b 23.67 ± 0.009a ≤0.001
Glutamine 94.38 ± 0.021b 97.19 ± 0.010a ≤0.001
Non-essential amino acid
Alanine 16.08 ± 0.017b 18.02 ± 0.028a ≤0.001
Aspartic acid 22.15 ± 0.003b 23.20 ± 0.012a ≤0.001
Cystine 1.90 ± 0.006b 3.86 ± 0.006a ≤0.001
Glycine 15.84 ± 0.009b 23.88 ± 0.006a ≤0.001
Serine 5.88 ± 0.006b 6.81 ± 0.006a ≤0.001
Tyrosine 41.25 ± 0.003a 33.60 ± 0.006b ≤0.001
a,b Means in the same row with different superscripts differed by t-test.
* Data are expressed as mean ± standard error of mean.
Abbreviations: FM, fish meal; PPM, suckermouth armored catfish meal.

Table 3 Ingredients and chemical compositions of the experimental diets

Ingredient (g/100 g) Treatment
Control T1 T2 T3 T4

Corn 36.00 36.00 36.45 36.45 36.45
Rice bran 31.45 31.45 31.00 31.00 31.00
Soybean meal 16.00 16.00 16.00 16.00 16.00
FM 10.00 7.50 5.00 2.50 -
PPM - 2.50 5.00 7.50 10.00
Vitamin-mineral premix * 0.50 0.50 0.50 0.50 0.50
Soy bean oil 5.00 5.00 5.00 5.00 5.00
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00
Salt 0.05 0.05 0.05 0.05 0.05
Total 100.00 100.00 100.00 100.00 100.00
Protein (%) 19.8 19.95 20.1 20.25 20.4
ME (Kcal/kg) † 3158.2 3157.28 3156.35 3155.43 3154.5
* Supplied per 100 g: vitamin A 1240 IU, vitamin D3 310 ICU, vitamin E 1.7 IU, vitamin K 0.5 mg, vitamin B2 0.5 mg, vitamin B3 4.0
mg, vitamin B5 1.5 mg, vitamin B12 0.005 mg, folic acid 0.1 mg, pyridoxine 0.15 mg, Fe 3.0 mg, Mn 3.0 mg, Zn 4.5 mg, and Cu 7.5
mg.
† Calculated from NRC (1994) composition tables.
Abbreviations: ME, Metabolizable energy; FM, fish meal; PPM, suckermouth armored catfish meal.
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Table 4 Impact of the replacement of FM by PPM on growth performance in Pradu Hang Dam chickens

Parameters Treatments SEM P-value
Control T1 T2 T3 T4 ANOVA Linear Quadratic

Initial weight (g) 46.07 46.53 46.47 45.97 46.03 0.250 0.910 0.638 0.525
Final weight (g)
Phase 1 (at 28-day age) 238.12b 263.75a 232.50b 231.62b 235.62b 3.558 0.022 0.589 0.593
Phase 2 (at 84-day age) 1212.77 1248.5 1209.73 1212.33 1184.5 15.764 0.800 0.511 0.246
Phase 1 (1 to 28 days of age)
ADFI (g/d) 50.77 51.57 51.47 51.77 50.93 0.432 0.942 0.848 0.759
ADG (g/d) 6.93b 7.93a 6.83b 6.73b 6.56b 0.120 0.002 0.091 0.094
FCR 8.33b 7.03a 8.27b 8.30b 8.60b 0.157 0.013 0.458 0.45
Phase 2 (29 to 84 days of age)
ADFI (g/d) 83.43 84.33 83.9 82.97 82.97 0.493 0.886 0.412 0.279
ADG (g/d) 17.37 17.5 17.37 17.43 17.07 0.261 0.989 0.675 0.241
FCR 5.40 5.30 5.23 5.40 5.53 0.860 0.847 0.376 0.386
Overall (1 to 84 days of age)
ADFI (g/d) 72.57 73.47 73.03 72.5 72.2 0.352 0.812 0.549 0.346
ADG (g/d) 13.87 14.23 13.77 13.87 13.57 0.192 0.870 0.499 0.254
FCR 6.43 5.90 6.33 6.43 6.57 0.089 0.157 0.529 0.523
a,b Different superscripts in the same row indicate significant differences (P≤0.05).
Chickens in the control group were fed a 100% FM diet.
Chickens in the T1, T2, T3, and T4 groups were fed a basal diet with PPM replacing FM at 25%, 50%, 75% and 100%, respectively.
Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; FCR, feed conversion ratio; FCG, feed cost per kg weight
gain; SEM, standard error of mean; SEM, standard error of the mean; ANOVA, analysis of variance.

Table 5 Impact of the replacement of FM by PPM on the histology of duodenum in Pradu Hang Dam chickens

Parameters Treatments SEM P-valueControl T1 T2 T3 T4
Villus height (µm) 2915.27d 3985.97a 2995.34d 3301.78c 3528.54b 92.971 0.005
Villus width (µm) 301.74a 251.02b 200.80c 248.15b 235.12b 7.725 ≤0.001
Crypt depth (µm) 1036.02 1034.10 1017.34 1095.15 1091.25 15.430 0.391
Crypt width (µm) 963.07a 939.85a 947.52a 933.34a 875.89b 9.421 0.019
Crypt area (µm2) 21329.17c 30963.35a 30771.68b 30825.63b 30875.13ab 874.734 ≤0.001
Muscularis mucosae thickness (µm) 100.25a 94.22ab 91.19b 93.15b 94.96ab 1.060 0.046
Villus height per crypt depth ratio 2.85b 3.99a 2.98b 3.01b 3.25b 0.106 ≤0.001
a,b,c,d Different superscripts in the same row indicate significant differences (P≤0.05).
Chickens in control group were fed a 100% FM diet.
Chickens in the T1, T2, T3, and T4 groups were fed a basal diet with PPM replacing FM at 25%, 50%, 75%, and 100%; respectively.
Abbreviation: SEM, standard error of mean.

Table 6 Impact of the replacement of FM by PPM on the histology of jejunum in Pradu Hang Dam chickens

Parameters Treatments SEM P-
valueControl T1 T2 T3 T4

Villus height (µm) 2175.52d 2974.93a 2484.35b 2263.74cd 2374.54bc 66.033 0.044
Villus width (µm) 196.49a 157.11d 193.61ab 186.01b 169.17c 3.647 0.050
Crypt depth (µm) 916.27 940.95 970.72 997.46 1,026.86 17.416 0.290
Crypt width (µm) 957.75 946.29 979.02 950.24 954.06 9.916 0.885
Crypt area (µm2) 39517.35a 30698.13d 30274.18c 30814.18c 31456.80b 803.816 ≤0.001
Muscularis mucosae thickness (µm) 101.61 95.66 97.03 102.48 95.65 1.134 0.484
Villus height per crypt depth ratio 2.40c 3.20a 2.59b 2.29c 2.33c 0.088 ≤0.001
a,b,c,d Different superscripts in the same row indicate significant differences (P≤0.05).
Chickens in the control group were fed a 100% FM diet.
Chickens in the T1, T2, T3 and T4 groups were fed a basal diet with PPM replacing FM at 25%, 50%, 75%, and 100%; respectively.
Abbreviation: SEM, standard error of mean.
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Table 7 Impact of the replacement of FM by PPM on the histology of ileum in Pradu Hang Dam chickens

Parameters Treatments SEM P-
valueControl T1 T2 T3 T4

Villus height (µm) 1594.06d 2422.24a 1901.54c 2057.84b 2125.72b 64.308 ≤0.001
Villus width (µm) 166.63c 167.93bc 176.62ab 168.89bc 185.14a 1.991 0.002
Crypt depth (µm) 742.94d 797.55c 700.42e 920.64a 873.35b 19.394 ≤0.001
Crypt width (µm) 941.60a 921.66ab 874.2bc 844.2b 918.18ab 10.553 0.006
Crypt area (µm2) 21029.98d 20511.68e 31363.13a 28117.50c 30807.50b 1078.637 ≤0.001
Muscularis mucosae thickness (µm) 97.95 101.42 100.30 96.19 102.94 1.089 0.127
Villus height per crypt depth ratio 2.17d 3.05a 2.74b 2.24 d 2.45c 0.079 ≤0.001
a,b,c,d,e Different superscripts in the same row indicate significant differences (P≤0.05).
Chickens in the control group were fed a 100% FM diet.
Chickens in the T1, T2, T3, and T4 groups were fed a basal diet with PPM replacing FM at 25%, 50%, 75%, and 100%; respectively.
Abbreviation: SEM, standard error of mean.

Fig. 1 Light photomicrographs of Haematoxylin and Eosin stained duodenal sections from Pradu Hang Dam chickens
that received the basal diet with 100% FM (control; A), and the basal diet with PPM 25% (T1; B), 50% (T2; C),
75% (T3; D), and 100% (T4; E). Magnification was 10 × objective lens and scale bars represent 100 μm.

Fig. 2 Light photomicrographs of Haematoxylin and Eosin stained jejunal tissues from Pradu Hang Dam chickens
that received the basal diet with 100% FM (control; A), and the basal diet with PPM 25% (T1; B), 50% (T2; C),
75% (T3; D), and 100% (T4; E). Magnification was 10 × objective lens and scale bars represent 100 μm.

Fig. 3 Light photomicrographs of Haematoxylin and Eosin stained ileal tissues from Pradu Hang Dam chickens that
received the basal diet with 100% FM (control; A), and the basal diet with PPM 25% (T1; B), 50% (T2; C),
75% (T3; D), and 100% (T4; E). Magnification was 10 × objective lens and scale bars represent 100 μm.
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DISCUSSION

To the researchers’ knowledge, this is the first
investigation intending to provide data on the growth
performances and small intestinal histology responses to
dietary treatments with replacement of FM by PPM in
Thai native chickens (Pradu Hang Dam chickens).
Research in improved growth performance and intestinal
lumen health through the replacement of FM with PPM is
essential for increasing utilization of alternative protein
(fish) sources for chicken feed. Overall, growth
performances did not differ among Pradu Hang Dum
chickens receiving the PPM chicken diets, which implies
that Pterygoplichthys pardalis contain a high level of
protein to support chicken growth. In the present study,
crude protein of PPM from suckermouth armored catfish
(Pterygoplichthys pardalis) was 62.2%, higher than the
suckermouth catfish (Hypostomus plecostomus) at 37.1%,
which had been heavily distributed in Indonesia (Asnawi
et al., 2015). In this study, the crude protein of PPM
determination is consistent with the findings of Panase et
al. (2018), which was 54.8% of crude protein. Although
the utilization of Pterygoplichthys pardalis as a source of
protein for chicken feed has not yet been evaluated,
Panase et al. (2018); studied the replacement of
commercial FM with 100% PPM, without effectively
altering growth performance, feed utilization, or blood
biochemical indices in the diets of juvenile Mekong giant
catfish (Pangasianodon gigas).

Interestingly, 25% replacement of commercial
FM with PPM in the diet of Thai native chickens
improved intestinal histology as indicated by villus height
and villus height per crypt depth ratio. According to the
histological data of the small intestine, we suggest that
the increased villus height obtained in the duodenal
segment of the Thai native chickens receiving 25%
replacement of commercial FM with PPM in their diets
could be due to improved duodenal lumen health.
Measuring the height of the duodenal villi is another
well-known indication of the duodenal lumen health of
poultry (Jeurissen et al., 2002; Khambualai et al., 2009a;
Chen et al., 2015; Tapingkae et al., 2016; Drażbo et al.,
2018). The probable explanation for the increase in villus
height includes the high level of glutamine in PPM.
Investigations of seven-day-old chicks reported that the
supplementation of 1% glutamine in the feed enhanced
the development of villus height in the duodenum,
jejunum, and ileum (Maiorka et al., 2016). In animal
health, the gastrointestinal gut is the main digestive organ
of glutamine utilization (Souba et al., 1990; Kao et al.,
2013). This is possible due to the importance of
glutamine as a substrate or energy source for the
maturation of rapidly proliferating enterocytes (intestinal
absorptive cells), which causes increased villus height
(Abdulkarimi et al., 2019). As a result, boilers have

become a popular model for the study of the mechanisms
by glutamine as the main source of energy for cell
division of enterocytes, providing energy for ATP-
dependent processes from Krebs cycle; including faster
intracellular protein turnover and nutrient transport, and
the consequent increase in villus height (Olubodun et al.,
2015). Presumably, there is an important possible
explanation for the enhanced villus height in each
segment of the small intestines, as observed in this study.
Conclusion: According to the results of the current
study, PPM can be utilized to replace FM in the diets of
Thai native chickens, without any negative impacts on
growth performance. Moreover, our results demonstrate
that replacement of FM with PPM can be improved
intestinal lumen health.
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