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ABSTRACT

The villous height to crypt depth (V:C) ratio is one of the
most significant parameters which is associated with the nu-
trients’ absorption and greater body weight. The objective of
this study was to assess the relationship between V:C ratio,
gut bacteria counts and production parameters in broiler chick-
ens. A total of 100 individual broilers were randomly selected
from a farm with 40,000 Ross 308 chickens and slaughtered
for sampling at three different ages including 14, 28 and 37
day old. Villous height and crypt depth were measured for
each section of the small intestine to calculate V:C ratio. In-
testinal score and gut microbiology including total coliforms,
lactic acid bacteria and Salmonella prevalence were assessed.
At day 37, besides those parameters, the carcass, breast, legs
and wings were taken for weight measurements. Leg and breast
color was also measured. Data were statistically analyzed by
STATA software to explore the relationship between V:C and
those parameters. The results showed the positive correlation
between V:C of duodenum and the number of lactic acid bac-
teria at 28 days of age (P < 0.05). Moreover, the leg yield was
negatively related to the V:C ratio of jejunum (P < 0.05). No
significant correlations were found between V:C ratio and other
parameters. The results indicated the potential of controlling
V:C ratio to improve gut health and meat quality of broiler
chickens and thus, further studies should be conducted to fully
evaluate these correlations.

Cited as: Nguyen, D. T. N., Le, N. H., Pham, V. V., Eva, P., Alberto, F., & Le, H. T. (2021). Rela-
tionship between the ratio of villous height:crypt depth and gut bacteria counts as well production
parameters in broiler chickens. The Journal of Agriculture and Development 20(3), 1-10.

1. Introduction

for digestion and absorption of nutrients which is
related to growth performance. The chickens’gut

The poultry sector is one of the most rapidly
growing food-producing animal industries world-
wide. A primary emphasis of the commercial
broiler industry has been to maximize the growth,
meat yield and quality of birds while maintain-
ing their health at an optimal level. The small
intestine is a vital organ that is the major site

health provides broad implications for their sys-
temic health and the correlation between ani-
mal performance and gut health is universally ac-
cepted. The definition of gut health contains mi-
crobiology, immunology, morphology and physi-
ology of the intestinal tract. Because a part of
the digestive and also all of the absorptive capac-
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ity of the small intestine occur around and near
villi and crypts, it is well-known that the villus
height:crypt depth ratio is the gut health index
(Pluske, 1996).

At hatch, the gastrointestinal tract of broilers
is completely undeveloped, affecting the ability of
the animal to digest and absorb nutrients. There
are drastic changes in the first few days of age
in physiological characteristics, such as expres-
sion of membrane transporters, endogenous en-
zyme activities and cell differentiation, and phys-
ical characteristics, including villus and crypt de-
velopment and the size of the digestive tract (Uni
et al., 2001). The growth of intestinal villus length
is correlated to the enhanced digestive and ab-
sorptive functions of the intestine, leading to an
increase in total luminal villus absorptive area
and an increased activity among intestinal brush
border enzymes (Prakatur et al., 2019). While the
decrease in the crypt depth achieves an increase
in the enzymatic activity of the small intestine
which affects to absorption ability (Kelly et al.,
1991). In addition, a higher ratio between villous
height and crypt depth leads to a slower main-
tenance requirement and consequently, reaches a
higher growth efficiency of the animal as a result
of a decreased turnover of the intestinal mucosa
(Van Nevel et al., 2005).

In literature, there are only a few studies that
have previously described the identified influence
of chickens’ histological feature changes on the
growth of poultry and gut microbiota, but rarely
on meat quality. Additionally, in Vietnam, the
investigations with regards to these relationships
have not been carried out yet. In the strategy
of antibiotic alternatives, several products such
as probiotics, prebiotics and phytochemicals were
proven that had positive impacts on V:C ratio.
According to Awad et al. (2009), the supplemen-
tation of either synbiotic or probiotic reveals the
improvement in the villus height:crypt depth ra-
tio and villus height in both duodenum and ileum.
Demir et al. (2003) indicated that there was a
reduction in crypt depth in the ileum of broil-
ers given dietary natural growth promoters such
as garlic. Therefore, the specific objectives of the
present study were to reveal the relationship be-
tween the ratio of villus height to crypt depth and
other parameters related to chicken performance,
gut microbiota and meat quality in the field con-
dition which has become the foundation for this
strategy.

2. Materials and Methods
2.1. Animals

Broiler chickens were collected from a commer-
cial farm in Vung Tau province. A total of 40000
day-old Ross 308 broiler chickens of the farm were
housed in 2 buildings with a dimesion of 15 m x
100 m and 6 m height, and equipped with 212
feeders and 382 drinkers (approximately 95 birds
per feeder and 52 birds per drinker) for each.
Temperature, humidity, and lighting in the fa-
cility were maintained according to the manufac-
turer’s recommendations for the Ross 308 hybrid
(Aviagen, 2018). Chickens were raised from day-
old to 37 days (ready for slaughter) and provided
with water as well as diet ad libitum. Feed used
for broiler was from Kyodo Sojitz and the size
of feed was changed based on the age of animals
(Table 1). Feed had correctly small size and con-
tained high level of probiotic with the purpose
support digestive function for baby chicken. From
1 to 14 days, pellet of feed should be 1.5 - 3.0 mm
diameter, 1.5 - 3.0 mm length, while it should be
3.0 - 4.0 mm in diameter, 4.0 - 7.0 mm in length
and a change in texture as well as nutrition com-
position at grower period (15 - 21 days). From
22 days to finish, the birds were fed with pellet
which should be 3.0 - 4.0 mm in diameter, 5.0 -
8.0 in length. Breeding was conducted on straw
(5 cm depth) and lasted for more than 5 weeks
(37 days).

Table 1. Nutritional compositions of feed at three
different stages

Compositions Stage
P Starter Grower Finisher
Crude protein
21 19. 1
(%) 9.5 9
Metabolizable
energy 3000 3100 3150
(kcal/kg)
2.2. Sample collection, measurements, and

analysis

A total of 100 birds, 30 birds at 14 and 28 days
of age and 40 birds at 37 days of age was ran-
domly selected and tranported by car from farm
to the lab of Nong Lam University HCMC. These
points of time were representative for the three
stages of development: starter (not fully devel-
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oped), grower (developing) and finisher (devel-
oped). Feed should be removed from the flock
12 h before the expected time of processing to
reduce the risk of fecal contamination. Chickens
were transported in the hostile temperature and
given a 2-hour rest before slaughtering to mini-
mize stress for chickens which can cause a huge
impact on results. Before bleeding, birds were
weighed to record their live weight. After that,
birds were quickly scalded at 54°C, defeathered
in a rotary drum picker and manually eviscerated.
This was a normal slaughter process and did not
effect to the intestinal microbiota and morphol-

ogy.
2.2.1. Intestinal histomorphology

Three segments of about 5 ¢cm removed from
the small intestine (duodenum, jejunum and
ileum) were at the following locations: (i) the
middle part of the duodenal loop, (ii) midpoint
between the endpoint of the duodenal loop and
Meckel’s diverticulum (jejunum) and (iii) midway
between the Meckel’s diverticulum and the ileo-
caecal junction (Choe et al., 2012). The ingesta
in the lumen washed away using normal saline
and fixed in 10% buffered formalin. Then, all in-
testinal portions were dehydrated in an increas-
ing series of ethanol, cleared in xylene, embedded
in paraffin block and then cut into 5 pm sec-
tions. After drying, paraffin-embedded sections
that were stained with hematoxylin and eosin
(H & E) and examined under a light microscope
(Olympus CX40). The procedure was a modi-
fied method from HairBejo (1990), as described
by Thanh et al. (2009). A computer morphome-
tric program, Optika Vision Pro 3.0, was used
for morphometric measuring the villi height and
crypt depth. The villus height was measured from
the tip to the base of the villus and crypt depth
was measured from the base of the villus to the
mucosa. For each section, averaged height and
depth measurements of 10 randomly selected villi
and crypts were expressed. The ratio of villus to
crypt was estimated by dividing the villus height
by the crypt depth.

2.2.2. Microbiology

The ceca were dissected and the content was
extracted into 50 mL sterilized falcon conical
tubes for subsequent analysis of the bacterial
populations by serial dilution. Microbiological pa-

rameters included total coliforms, Salmonella and
lactic acid bacteria. Total coliforms were iso-
lated from cecal feces by multiple tube fermen-
tation in lauryl tryptone broth (LTB) and bril-
liant green bile broth (BGBB) and enumerated
by most-probable-number (MPN) estimated by
using standard techniques. Salmonella was iso-
lated by standard microbiological methods and
was confirmed by biochemical and slide aggluti-
nation tests using commercial polyvalent O. Lac-
tic acid bacteria were isolated on Lactobacillus
agar DE Man, ROGOSA and SHARPE (MRS-
agar) plates and then, incubated under anaero-
bic conditions at 37°C for 48 h. Samples were
diluted in saline and chosen at least three contin-
uous dilutions (1074, 1075, 1075) to spread 0.1
mL samples directly onto the surface of MRS-
agar plates. Each dilution was repeated in dupli-
cate. All colony forming units (CFU) on selected
plates were counted and recorded. The number of
colonies from 30 to 300 were accepted. All mor-
phologies of colonies were observed including the
shape and color, then selected to perform gram-
stain and observed under microscope to confirm.

2.2.3. Intestinal scores

All internal organs of slaughtered chickens were
observed and recorded any abnormal lesions. In-
testinal lesion scores were classified into 4 scales
from 0 to 3 corresponding from normal to multi-
focal hemorrhage in intestinal tract (Table 2).

Table 2. Clinical scoring of intestines

Score Description

0  Normal, no hemorrhage, normal content

1 Focal hemorrhage (petechial hemor-
rhage) in a part of intestinal tract

2 More hemorrhage and/or hemorrhage
and swollen lymphoid patches

3 Multifocal hemorrhage in large area of
the intestinal tract, as well as in lym-
phoid patches and/or gas in lumen

2.2.4. Carcass traits

At 37 days, carcass and meat qualities were
evaluated. After defeathering, eviscerating and
removal of the head and paws, carcass weight
was determined. The breast, wings, legs muscles
of each birds were dissected and weighed. Car-
cass yield (CY) corresponded to the ratio between

www.jad.hcmuaf.edu.vn
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carcass weight (CW) and body weight at slaugh-
ter (BW), and was calculated according to the
following formula: CY (%) = CW/BW x 100.
Parts yield (breast, wings and legs) was calcu-
lated as the ratio between the part weight and
carcass weight, according to the formula: Part
yield (%) = PY/ CW x 100 (PY is the represen-
tative value of each part). Breast and leg colors
were also assessed by DSM broiler color fan which
is expressed in a 101 - 110 scale corresponding
from white to marigold color (Figure 1).

Brodler Color Fan

= s

Figure 1. DSM broiler color fan.

2.2.5. Meat quality parameters

Drip loss and pH measurements were per-
formed on the major pectoralis muscle of broiler
breast. Breast muscles were removed by sever-
ing the humeral-scapular joint and pulling down-
ward to strip the meat from the breast. After ex-
cision, the ultimate pH and drip loss evaluation
were measured. The pH was assessed directly by
inserting the probe of portable meat pH meter
HI99163 in the same points in the breast at three
different points of time including after 0 h, 4 h
and 8 h post-mortem. All samples were keep at
room temperature. Drip loss was measured using
the filter paper press method (Kauffman et al.,
1986), which evaluated the amount of moisture
loss from the surface of the breast shortly after
cutting (15 min, 4 h and 8 h). The size of sample
for drip loss measurement was approximately 10

g.
2.3. Statistical analysis

Data collected from the study were entered
into Microsoft Excel (2016). For each measured
parameter, basic descriptive statistics would be
performed for undestanding its distribution to
use as either a continuous or categorical variable.

The interested outcome variable was V:C ratio —
a continuous variable. The relationship between
this one with other parameters (dependent vari-
ables) would be explored by certain methods. In
particular, the one between V:C ratio and de-
pendent variables (intestinal score, logColiforms,
logLAB, BW, carcass, breast, wing, leg yield,
breast and leg color) would be assessed by corre-
lation coefficient (R) and slope coefficient of Uni-
variate linear regression. With categorical vari-
able (Salmonella prevalence), the mean of V:C
ratio of each category would be calculated and
one-way ANOVA would be used to compare the
difference of the means. The P value less than
0.05 would be considered statistical significance.
All analysis would be performed on STATA 14.2
software (College Station, Texas 77845 USA).

3. Results

3.1. Evaluation of the relationship between
the V:C ratio and gut health

The relationships among V:C ratio and gut
health were presented in three tables. At the age
of 14, no significant correlation was detected (P
> 0.05) (Table 3), while the positive correlation
was found between V:C ratio of duodenum and
the number of lactic acid bacteria at the day of
28 (Fig 2). This relationship was statistically sig-
nificant (P < 0.05) (Table 4). It meant that the
greater V:C ratio, the higher number of lactic
acid bacteria. At 37 days, the correlation between
V:C ratio of ileum and intestinal score was sig-
nificantly positive (P < 0.05) (Table 5). The in-
creased V:C ratio could result in the increase in
intestinal score.

Figure 2. The representative histomorphometry of
duodenum, jejunum and ileum (in order from left to
right) at 28 days of age (V: villous height, C: crypt
depth) (x40).
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Table 6. Salmonella occurence at means of the villous height (V):crypt depth (C) ratio of intestinal segments

Segments Salmonella n Mean of V:C SD P

Duodemun s ires owm 0o
g p 19 im0 om0
— Postive 19 so om0

Table 5. The relationship between the villous height:crypt depth ratio and gut health at the age of 37 days

95% Confidence Interval

Segments Dependent Variables Mean R  Slope Coefficient P
Lower Upper
Intestinal score 1.675 0.3433 0.2765 0.0129 0.5401 0.040
Duodenum LogColiforms (CFU/g) 8.476 - 0.1716 - 0.3275 - 0.9831 0.3279 0.317
LogLAB (CFU/g) 7973 -0.2154 -0.1778 - 0.4586 0.1031 0.207
Intestinal score 1.675 - 0.1203 - 0.1001 - 0.3751 0.1750 0.466
Jejunum LogColiforms (CFU/g) 8.476 - 0.0624 - 0.1226 - 0.7765 0.5312 0.706
LogLAB (CFU/g) 7.973 -0.0176 - 0.0150 - 0.3004 0.2704 0.916
Intestinal score 1.675 0.0995 0.0902 - 0.2061 0.3865 0.541
Ileum LogColiforms (CFU/g) 8.476  0.2390 0.5217 - 0.1744 1.2179 0.137
LogLAB (CFU/g) 7.973 0.1559 0.1521 - 0.1645 0.4686 0.337

www.jad.hcmuaf.edu.vn
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3.2. Evaluation of the relationship between
the V:C ratio and Salmonella occurence

In this study, there was no significant correla-
tion between V:C ratio and Salmonella occurence
(P > 0.05; Table 6).

3.3. Evaluation of the relationship between
the V:C ratio, carcass yield and meat
quality

The leg and breast color did not show any cor-
relations with V:C ratio in all three sections of
small intestines (P > 0.05; Table 7). Carcass,
breast and wing weight had no correlation with
V:C ratio in three sections of small intestine.
While leg weight was negatively related to the
V:C ratio of jejunum (P < 0.05), which indicated
that the proportion of leg weight and carcass
weight decreased 1.13% due to one-unit increased
in jejunum V:C ratio. No significant correlation
among V:C ratio, pH and drip loss.

4. Discussion

Intestine morphology may be mediated via al-
teration of intestinal microbiota. Based on the
results of this study, the improvement of intesti-
nal histomorphometry had a significant correla-
tion with gut microbiota such as lactic acid bac-
teria. Previous studies have been reported that
lactic acid bacteria could affect to intestinal his-
tomorphometry (Chichlowski et al., 2007). Ac-
cording to Liao et al. (2020), the Lactobacillus
was positively correlated with V:C ratio in the
ileum of the growing broilers which is consistent
with the results of this study at the day of 28
(P < 0.05). The LAB supplement increased the
V:C ratio, thereby positively affecting the devel-
opment morphology of the small intestine in the
study of Galina et al. (2020).

The relative increase in the percentage of the
carcass could be related to gut health as well.
The improvement in digestion and absorption ef-
ficiency of different nutritional materials due to
the development of intestinal morphometry, con-
sequently, leads to the improvement in carcass
characteristics of broiler chickens (Hosseini et al.,
2017). The results of this study did not found
any correlation between V:C ratio and carcass
yields, except the negative association between
V:C ratio of the jejunum and leg yield (P <
0.05). Moreover, the wing and leg yields in this

study had negative relationship as well, while the
breast yield was positive relationship . This find-
ing could be considered as the increase in carcass
quality. Despite the small sample size, these find-
ings probably indicated that the improvement in
carcass quality may result from the development
of the gastrointestinal tract.

Some useful parameters for evaluating quality
and consumer acceptability such as pH and drip
loss can be affected by the supplementation of
antioxidants such as vitamin E, selenium. The
association between muscle vitamin E and lower
drip loss has been described (Ashgar et al., 1991)
and also a trend toward higher muscle pH at 24
h postmortem (5.7 vs. 5.5) (Lu et al., 2014). Al-
though there is no further information about the
relationship among the V:C ratio, pH and drip
loss, those coefficient seem to be at the direction
of improvement of meat quality (higher pH (P
= 0.051) and reduction of drip loss in the duo-
denum and ileum). Thus it can be thought that
the higher V:C ratio, the greater absorption of
antioxidants supplied in the diet which probably
impacts on meat quality.

Furthermore, the number of previous studies
specified that the main compound with color-
ing function in meat and eggs is the carotenoids
(Blanch & Hernandez, 2000). Carotenoids are es-
sential for the immune system, have antioxidant
effects and cannot be synthesized by poultry that
therefore needs to obtain these compounds from
the diet (Kim et al., 2012). The skin color may be
related to the absorption of carotenoids of chicken
intestines. According to Lloyd (1970), most of
the absorption of xanthophylls (one of the forms
of carotenoids) takes place in the area of the
jejunum-ileum in which F. maxima infections oc-
cur and very little xanthophylls are absorbed in
the duodenum, ceca, and large intestine. Never-
theless, there were no significantly positive cor-
relations between skin color and intestinal histo-
morphometry in this study.

It has been proven that shorter intestinal villi
relative to crypt depth are related to a smaller
number of absorptive cells and a larger number of
secretory cells which are responsible for the secre-
tion of mucins. Mucin is the major constituent of
the mucous layer (Iwashita et al., 2003) which is
the first line of the host intestinal defense and in-
fluences nutrient digestion and absorption. Under
normal physiological conditions, mucin secretion
is necessary to replenish and maintain a suitable
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Table 7. The relationship between the villous height:crypt depth ratio and meat quality

95% Confidence Interval

Segments Dependent Variables Mean R Slope Coefficient P
Lower Upper
Leg color 74.9 0.0476 -0.0511 - 4.2446 0.3224 0.783
Breast color 30.1 0.1349 - 0.0524 - 0.1864 0.0816 0.433
Carcass yield(%) 7.8 -0.1673 - 0.0060 - 0.0185 0.0064 0.329
Breast yield(%) 21.8 0.2042 0.0055 - 0.0037 0.0147 0.232
Wing yield(%) 101.0 0.3222 - 0.0033 - 0.0066 0.0001 0.055
Duodenum Leg yield(%) 103.3 0.0191 - 0.0005 - 0.0106 0.0095 0.912
0 6.4 0.1890 0.0209 - 0.0271 0.0691 0.382
pH 4h 5.8 0.2221 0.0076 - 0.0467 0.0619 0.778
8h 5.7 0.2961 - 0.0086 - 0.0673 0.0502 0.769
Drip loss(%) 4h 5.7 -0.2367 - 0.0093 - 0.0226 0.0040 0.165
8h 9.3 0.2122 - 0.0108 - 0.0282 0.0066 0.214
Leg color 74.9 0.2677 0.2945 - 0.0586 0.6477 0.099
Breast color 30.1 0.1324 - 0.0509 -0.1781 0.0761 0.422
Carcass yield(%) 7.8 0.0853 0.0031 - 0.0089 0.1517 0.606
Breast yield(%) 21.8 0.1139 0.0031 - 0.0059 0.0119 0.490
Wing yield(%) 101.0 0.0461 - 0.0005 - 0.0041 0.0031 0.781
Jejunum Leg yield(%) 103.3 0.3851 -0.0113 - 0.0204 -0.0023 0.015
0 6.4 0.0221 - 0.0031 - 0.0502 0.0439 0.894
pH 4h 5.8 0.1810 0.0336 - 0.0272 0.0938 0.270
8h 5.7  0.0451 0.0083 - 0.0529 0.0695 0.785
Drip loss(%) 4h 57  0.1517 0.0068 - 0.0060 0.0197 0.292
8h 9.3 0.1837 0.0099 - 0.0067 0.0266 0.233
Leg color 74.9 0.0556 - 0.0666 - 0.4594 0.3263 0.733
Breast color 30.1 0.2383 - 0.0998 - 0.2332 0.0337 0.139
Carcass yield(%) 7.8 0.1770 - 0.0070 - 0.0198 0.0058 0.275
Breast yield(%) 21.8 0.0339 - 0.0009 - 0.0106 0.0086 0.835
Wing yield(%) 101.0 0.1724 0.0020 - 0.0018 0.0058 0.287
Tleum Leg yield(%) 103.3 0.0482 0.0016 - 0.0093 0.0124 0.768
0 6.4 0.2524 -0.0276 - 0.0807 0.0255 0.299
pH 4 h 5.8 0.1206 - 0.0426 - 0.1075 0.0222 0.191
8 h 5.7  0.1993 - 0.0620 - 0.1245 0.0004 0.051
Drip loss(%) 4h 5.7 0.1274 - 0.0069 - 0.0208 0.0069 0.318
8h 9.3 0.1251 - 0.0086 - 0.0266 0.0094 0.340
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thickness of the mucous layer in the intestine be-
cause this layer is often sloughed off by intestinal
movement, chemical compounds and microbially
derived factors (Horn et al., 2009) to maintain
gut health. Nevertheless, in this study, at the age
of 37 day old, the greater the duodenum V:C ra-
tio, the higher the intestinal lesion scores. This
is not the desired finding but we believed that
in the case of enteritis problems, the use of V:C
value should be concerned in the case of without
antibiotics in feed.

5. Conclusions

The results achieved from the study showed
that the significantly positive correlations among
the V:C ratio, the number of lactic acid bacte-
ria, intestinal scores and the negative one between
V:C ratio and the leg yield. No significant rela-
tionships between the V:C ratio and other pa-
rameters were found. In conclusion, the promis-
ing and encouraging results of this study empha-
size the importance of the further evaluation of
the relationship between the intestinal morphol-
ogy and other parameters in order to maximize
the gut health of chickens and, consequently, the
overall health of broiler chickens in the field con-
dition.
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ABSTRACT

This study aimed to simultaneously detect three important
viruses reported to be involved in the reproductive problems of
sows. A multiplex PCR (mPCR) test was developed to provide
rapid diagnosis of porcine circovirus type 2 and 3 (PCV2, PCV3)
and to illustrate parvovirus (PPV) prevalence in sow herds.
Three pairs of specific primers were designed to target PCV2
Cap gene, PCV3 Cap gene and PPV NSI1 gene, with predicted
mPCR products of 702 bp, 267 bp and 380 bp, respectively. The
detection limit of mPCR was 100 copies/reaction per target gene.
The mPCR was run against a panel of 94 swine serum samples
whose infection status had been pre-determined by commercial
real-time PCR kits. Sequencing of mPCR products performed
with clinical serum samples accurately confirmed the results.
Overall, the results indicated that the mPCR functioned accu-
rately and specifically and matched 100% with the single-target
real-time PCRs. The mPCR was developed successfully and can
be used in routine diagnosis of PCV2, PCV3 and PPV.

Cited as: Tran, T. K., Nguyen, T. T. T., Vu, H. L. X., & Dinh, P. X. (2021). Identification
of porcine circovirus type 2 (PCV2), type 3 (PCV3) and porcine parvovirus (PPV) in swine by
multiplex PCR test. The Journal of Agriculture and Development 20(3), 11-17.

1. Introduction

type 2 has been demonstrated to play signif-
icant roles in different swine syndromes such

Reproductive disorders are among the most
concerned syndromes in sow herds, causing huge
economic losses to swine producers. Many infec-
tious pathogens are involved in the problems, in-
cluding porcine parvovirus (PPV), porcine cir-
covirus type 2 (PCV2) and porcine circovirus
type 3 (PCV3), a newly discovered viral pathogen
(Palinski et al., 2016).

Porcine circovirus type 2 and type 3 are non-
enveloped and single-circular DNA viruses that
belong to the family Circoviridae (Tisciier et al.,
1986; Palinski et al., 2016). Porcine circovirus

as postweaning multisystemic wasting syndrome
(PMWS), porcine dermatitis and nephropathy
syndrome (PDNS), or porcine circovirus associ-
ated diseases (PCVAD) in general (Allan et al.,
1999; Allan et al., 2000; Rosell et al., 2000). The
virus was first identified in western Canada in a
case of wasting disease using electron microscopy,
immunohistochemical, and in-situ hybridization
methods (Ellis et al., 1998). Later, various publi-
cations illustrated the circulation and the patho-
genesis of PCV2 in abortion cases or weak piglets
at birth (West et al., 1999; Calsamiglia et al.,
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2007; Oropeza-Moe et al., 2017). Porcine cir-
covirus type 3 was recently detected in a case of
PDNS syndrome in a sow farm in North Carolina
(USA) (Palinski et al., 2016). The virus was found
in the skin, kidneys, lungs, and lymph nodes of
the affected pigs without the existence of PCV2.
From this observation, PCV3 was also suspected
to play a pathogenic role in swine, especially in
the sow herds, although the evidence of its patho-
genesis remains to be elusive. In addition, an-
other virus in the list of causative agents for re-
productive disorders in swine is PPV, a mem-
ber of the Parvoviridae family, that was identi-
fied at the end of the 1960s (Cartwright et al.,
1967; Cartwright et al., 1969; Johnson & Collings,
1969). Typical manifestations associated with a
PPV infection in pregnant sows are collectively
identified as SMEDI syndrome which includes
stillbirths, mummification, embryonic death, and
infertility. These viruses are currently circulating
in Vietnam and cause significant losses (Huynh et
al., 2014; Dinh et al., 2021). Co-infection among
these viruses may result in a different impact on
the swine farms. Co-infection of swine with PCV2
and PCV3 does not result in significantly en-
hanced disease outcomes compared to individual
infection with one of these two viruses (Wozniak
et al., 2019). However, co-infection of swine with
PCV2 and PPV led to the increased viremia level
of PCV2 (Milek et al., 2020).

Several conventional and real-time PCRs have
been developed for molecular diagnosis of these
three viruses (Chen et al., 2009; Zhao et al., 2010;
Yang et al., 2019). However, those PCRs are de-
signed for the detection of a single or double
pathogens at a time. In the present study, we re-
port the development and validation of a mPCR
that allows simultaneous detection of these three
viruses in field samples.

2. Materials and Methods
2.1. Controls and clinical samples

Positive controls: DNA fragments of PCV3 Cap
gene and PPV NSI gene were synthesized by In-
tegrated DNA Technologies (IDT - USA) based
on the sequences of PCV3 (MH184542.1) and
PPV (MK993540.1), respectively. The DNA tem-
plate of PCV2 was originally obtained from a field
isolate followed by sequencing confirmation. The
resulting sequence exhibited 99.72% identity to
the previously reported PCV2 (Gene Accession

no. LC383449.1).

Unrelated DNA from other pathogens used
for specificity evaluation: bacteria and viruses
that are commonly present in swine farm envi-
ronment and potentially contaminated into the
samples were used to confirm the specificity of
the mPCR. Staphylococcus aureus (ATCC 6338)
and FEscherichia coli (ATCC 25922) were of-
fered by Sanphar Vietnam laboratory (belong-
ing to Erber group, Austria); Streptococcus suis
and Clostridium perfringens were obtained from a
previous study (Nguyen et al., 2018). The bacte-
rial DNA was extracted with phenol-chloroform-
isoamyl alcohol (25:24:1) solution (Cat#P1037,
Sigma; Cat#25666, Merck). Pseudorabies virus
gE gene was synthesized by Integrated DNA
Technologies (IDT - USA).

Field samples: Ninety-four serum samples from
sows were collected and used to evaluate this
mPCR procedure. These sow farms were located
in the South of Vietnam. Each serum sample
was pooled from five individual sows. All sam-
ples were submitted to the laboratory and the
senders signed an agreement for the laboratory to
use the result data for teaching and publication.
The infectious status of these 94 samples was pre-
determined by using commercial real-time PCR
kits or master mix, as per the manufacturers’ in-
structions. The real-time kits used for detection
of PCV2, PPV and PCV3 were PowerChekTM
PCV2 real-time PCR kit (Cat#R0809, Primerde-
sign), PowerChekTM ADV/PPV real-time PCR
kit (Cat#R0832, Primerdesign) and Luna® Uni-
versal gPCR Master Mix (Cat#M3003S, NEB),
respectively.

2.2. DNA preparation from clinical samples

The DNA was extracted from test serum sam-
ples by using the advanced phenol-chloroform
method. The extracted DNA was stored at -20°C
for subsequent assays.

2.3. Primers

The primers used in this study are listed in
Table 1. For PCV2, primers were designed based
on the consensus of 65 PCV2 Cap gene sequences
in the NCBI GenBank with a PCR product of
702 bp. For PPV, primers were designed based
on the consensus of 67 PPV NS sequences in the
NCBI GenBank with an expected product of 380
bp. Lastly, for PCV3, primers were obtained from
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Table 1. Primer sequences and estimated product sizes

Virus  Primers Gene Primer sequences (5" — 3°) Product Reference
size (bp)
F:ATGACGTATCCAAGGAGGCG
PCV2 PCV2 Cap R: TTAAGCCTTAAGTGGCGGGTC 702 Present study
F: TTCCGGGACATAAATGCT
pPCv3d PCV3 Cap R: GGGCACACAGCCATACGAT 267 Chen et al., 2017
PPV PPV NS F: GCTTTAGCCTTGGAGCCGTGGA 380 Present study

R: CGTGTTCTTTTGCTGCGGCGTC

Chen et al. (2017). They were designed based on
the PCV3 Cap gene with a product size of 267
bp.

2.4. Multiplex PCR (mPCR)

After multiple rounds of optimization, a primer
mix containing three primer pairs were created at
a mixing ratio of 1 PPV : 2 PCV2 : 4 PCV3. Ac-
cordingly, the final concentrations of the PPV,
PCV2 and PCV3 primer pairs in the mixture
were 0.2 pM, 0.4 uM, 0.8 nM, respectively. The
mPCR was performed in a 20 pL reaction volume
containing 10 pL of DreamTaq 2X (Cat#K1072,
No MANO0012702, Thermo Scientific), 1.4 nuL of
the primer mix, 3 pL. DNA template, and 5.6
nL of nuclease free water (Thermo Fisher). Af-
ter initial denaturation at 94°C for 5 min, 35 cy-
cles were conducted at 94°C for 30 sec, 56°C for
30 sec, and 72°C for 40 sec, followed by a final
extension at 72°C for 5 min. The amplified prod-
ucts were then analyzed by electrophoresis in a
1.5% (w/v) agarose gel in 1X Tris-Boric-EDTA
(TBE) containing Midori Green Advance DNA
stain (Cat#MGO04, Nippon Genetics). The stan-
dard DNA (Cat#10787018, Invitrogen) was in-
cluded in each DNA gel electrophoresis to indi-
cate the PCR product size.

2.5. Evaluation of the specificity of the mPCR

The target viruses of this study can be found in
blood, saliva, feces, vulval discharge in live pigs.
In disease surveillance, these types of samples are
favored due to the less invasive advantages. How-
ever, sampling procedures in practice are prone
to contamination with other bacteria or viruses
popularly distributed in pig farms. Therefore, ge-
nomic DNA of S. aureus, E. coli, S. suis, C. per-
fringens and PRV gF gene were used as templates
in the mPCR to determine the specificity of the
test. The concentration of DNA templates used

in the reaction was 30 ng per reaction in the cases
of bacterial target and 108 copies per reaction in
the case of gF gene.

2.6. Evaluation of the detection limit of the
mPCR

Ten-fold serial dilutions of each positive control
DNA templates ranging from 107 to 10° copies
were used as the DNA template in the mPCR
to determine its limit of detection. The minimum
number of template copies that enable successful
amplification of all products was considered as
the limit of detection of the mPCR.

2.7. DNA sequencing

Sequencing of each PCR product was per-
formed by using both forward and reverse primers
used in the corresponding PCR (Table 1). The
sequencing results were aligned with the refer-
ence PCV2 (accession no. MH470234.1), PCV3
(accession no. MK058529.1) and PPV (accession
no. MK378155.1) using Clustal Omega program.

3. Results
3.1. Optimal conditions for the mPCR

Before the optimal ratio of primers for mPCR
was achieved, each primer pair was tested for its
performance in single PCR (sPCR) at different
annealing temperatures. Gel analysis indicated
that only one DNA product was generated in each
sPCR, with the product sizes of 267 bp for PCV3,
380 bp for PPV and 702 bp for PCV2 (Figure 1).
It appeared that the three primer pairs worked
well at the annealing temperatures between 52°C
- 58°C.

Subsequently, the annealing temperature of
56°C was chosen for mPCR. As shown in Figure
2, the mPCR produced three amplicons that were
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clearly visible and easily distinguishable. Impor-
tantly, the sizes of the amplicons were as expected
and were similar to the ones observed in the corre-
sponding sPCRs (Figure 2). These three products
in mPCR were recovered from agarose gel and
subjected to sequencing. The results confirmed
that the three PCR amplicons from the mPCR
aligned well with the three respective target DNA
sequences, indicating that the primer pairs func-
tioned as anticipated.

— 267 -

Mty

Figure 1. Optimization of annealing temperature in
sPCR. (A) PCV3, (B) PPV, (C) PCV2. (Lane 1):
DNA ladder 1 Kb plus, (Lane 2): 50°C, (Lane 3):
52°C, (Lane 4): 54°C, (Lane 5): 56°C, (Lane 6): 58°C,
(Lane 7): negative control with pure water. The ther-
mal cycling conditions were 94°C/5 min; 35 cycles of
94°C/30 sec, 50-58°C/30 sec and 72°C/40 sec, a final
extension at 72°C/5 min.

3.2. Specificity and detection limit of the
mPCR

Next, we wanted to evaluate the specificity
of this mPCR by running the assay with DNA
templates extracted from bacteria and viruses
commonly present in swine farm environment in-
cluding Staphylococcus aureus, Escherichia coli,
Streptococcus suis, Clostridium perfringens and
Pseudorabies virus. Results showed that the three
primer pairs did not cross-react with any of

1 2 3 4 5 6

(LN

<——0tbp

<— 360Np
< 267hp

Figure 2. Products of sPCRs and mPCR. (Lane
1): DNA ladder, (Lane 2): PCV3 267 bp, (Lane 3):
PPV 380 bp, (Lane 4): PCV2 702 bp, (Lane 5):
mPCR of all three targets, (Lane 6): negative con-
trol with pure water. The thermal cycling conditions
were 94°C/5 min; 35 cycles of 94°C/30 sec, 56°C/30
sec and 72°C/40 sec, a final extension at 72°C/5 min.

| 3.1 4 567 8

| 23145678010

02bp(PCV2)
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Figure 3. Specificity and detection limit of the
mPCR. (A) Result of specificity test. (Lane 1): DNA
ladder, (Lane 2): positive control, (Lane 3): E. coli,
(Lane 4): Streptococcus suis, (Lane 5): Staphylococcus
aureus, (Lane 6): C. perfringens, (Lane 7): Pseudora-
bies virus, (Lane 8): negative control. (B) Detection
limit of the mPCR. (Lane 1): DNA ladder, (Lane 2-
9): DNA template of PCV2, PCV3 and PPV at 107 -
10° copies/reaction; (Lane 10): negative control with
pure water.

these DNA templates (Figure 3A), indicating the
mPCR established in this study was highly spe-
cific.

We then evaluated the limit of detection of the
mPCR by performing the assay with a set of 10-
fold serially diluted positive control DNA sam-
ples with the copy numbers ranging from 107 to
10° copies per reaction. As shown in Figure 3B,
three distinct DNA bands at the expected size
were observed at the concentration of 10? copies
per reaction. It demonstrated that this mPCR
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could detect the viral genes at the limit of 100
copies/gene/reaction.

3.3. Performance of the mPCR with clinical
samples

The ultimate aim of this experiment was to
evaluate the diagnostic performance of the mPCR
using field samples. A total of 94 sow serum sam-
ples whose infectious status was predetermined
by commercial single-target real-time PCR kits
were used to evaluate the established mPCR. The
DNA electrophoresis of mPCR results was par-
tially illustrated in Figure 4 and the sample that
was infected with one single pathogen such as
PPV (Figure 4A, lane 6) or samples that were du-
ally infected with two pathogens (Figure 4B, lane
4 and 11) or three pathogens (Figure 4A, lane 8
and 10). The mPCR results matched completely
with the results generated by commercial real-
time PCR. The infection rates for PCV2, PCV3
and PPV in these 94 samples were 43.6%, 39.4%
and 55.3%, respectively. Combined infection of
the three tested viruses (PCV2, PCV3 and PPV)
was 17.0% while the dual infection between PCV2
and PCV3, PCV3 and PPV, or PCV2 and PPV
were 7.4%, 5.3%, and 11.7%, respectively.
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Figure 4. Diagnosis of PCV2, PCV3, PPV in clini-
cal samples. (A) mPCR result of samples 1-9. (Lane
1): DNA ladder; (Lane 2): positive control; (Lane 3):
negative control. (Lane 4 - 11): samples 1 to 9. (B)
mPCR result of samples 10-19. (Lane 1): DNA ladder;
(Lane 2): positive control; (Lane 3): negative control
with pure water. (Lane 4 - 13): samples 10-19.

3.4. Sequence analysis of the PCR amplicons
To further confirm the specificity of the mPCR

assay, PCR products of PPV, PCV3 and PCV2
amplified from the field samples were excised

from the agarose gel and subjected to DNA
sequencing. The resulting sequences exhibited
100%, 98.88%, 98.95% identity to the refer-
ence sequences for PCV2 (MH470234.1); PCV3
(MKO058529.1) and PPV (MK378155.1), respec-
tively.

4. Discussion

Swine reproductive failure is a common disor-
der in sow herds in Vietnam at present. Vari-
ous pathogens can be found in such cases includ-
ing classical swine fever virus, Aujeszky’s disease
virus, PRRSV (Porcine reproductive and respi-
ratory syndrome virus), PPV, PCV2, PCV3 and
some bacteria (Christianson, 1992; Dinh et al.,
2021). Currently, single real-time PCRs are avail-
able for molecular detection of these viruses. Nev-
ertheless, single real-time PCRs are relatively ex-
pensive, thereby deterring swine producers from
using these services. Multiplex PCRs can signif-
icantly reduce the cost spent in single PCR for
each target. Technically, it is easier to develop a
multiplex PCR for viruses that are in the same
category of either RNA or DNA genome. There-
fore, the goal of this study was to develop a quick
and reliable mPCR that allows simultaneous de-
tection of PCV2, PCV3 and PPV, the three DNA
viruses that are commonly involved in reproduc-
tive failure.

Since its initial identification in the US (Palin-
ski et al., 2016), PCV3 has been found in var-
ious pig-producing countries. The 39.4% detec-
tion rate for PCV3 in our study was also compa-
rable to other reports elsewhere, such as 44.2%
in Korea (Kwon et al., 2017); 31.18% in Central
China (Xu et al., 2018); 50% in Germany (Prinz
et al., 2019); 56.4%, 37.4%, 14.8% in Denmark,
Italy, Spain, respectively (Franzo et al., 2018);
61.1% in United States (Arruda et al., 2019); and
47.8% in Brazil (Saraiva et al., 2019). Concur-
rent infections between PCV2 and other bacte-
ria or viruses have been reported widely in swine
herds (Ouyang et al., 2019; Dinh et al., 2021).
One of the plausible reasons for this is that PCV2
can suppress the host immune system, therefore
rendering the host more susceptible to infections
with other microorganisms. The PPV is one of
the common swine pathogens that are detected
in PCV2 infected pigs (Ouyang et al., 2019). Pre-
vious studies showed that co-infections of pigs
with PCV2 and PPV were more effective in in-
ducing PMWS disease than coinfection between
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PCV2 and other pathogens (Milek et al., 2020).
Consequently, PPV could be used in combina-
tion with PCV2 to induce PMWS in experimen-
tal studies (Palinski et al., 2016). Coinfection of
PCV2 and PCV3 is also commonly observed. Sev-
eral surveillances from China have reported the
PCV2/PCV3 co-infection rates varying from 27.6
- 39.39% (Ouyang et al., 2019). Those numbers
were higher than what we found in this study
(7.4%). In addition, it has been demonstrated
that PCV2, PCV3 and PPV are endemic in Viet-
nam (Huynh et al., 2015; Pham et al., 2017;
Nguyen et al., 2020), but the co-infection rates
of these 3 viruses in sow herds have not been
studied. Our preliminary demonstration of 17%
of sow samples to be simultaneously positive for
these three viruses illustrated the complex preva-
lence of various pathogens involved in porcine re-
productive syndrome in Vietnam and highlighted
the need for further investigations for a better un-
derstanding and control strategies.

The detection limit of our mPCR is 100 copies
for each target gene per reaction. Liu et al. (2015)
established a mPCR to detect and differentiate
PCV2, PRRSV, PPV and Pseudorabies virus in
pigs with PMWS manifestation. The authors re-
ported that the sensitivity of their mPCR was
4.0 x 10% and 3.0 x 102 copies to PCV2 and
PPV, respectively. Recently, Yang et al. (2018)
developed a mPCR for simultaneous detection
of PCV1, PCV2 and PCV3 with the detection
limit of 50 copies of each target gene per reac-
tion. Thus, our mPCR reported in this commu-
nication possesses a fairly good detection limit
and certainly can be useful for pathogen moni-
toring in the field or used for predetermination of
pathogen occurrence before further viral analysis
of field samples.

5. Conclusions

In summary, we have successfully developed
and validated a mPCR assay to simultaneously
detect PCV2, PCV3 and PPV, the three com-
mon swine DNA viruses in field samples. This
mPCR should provide a quick and reliable molec-
ular diagnostic tool for reproductive failure in sow

herds.
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ABSTRACT

African swine fever (ASF) is reported as a highly contagious hemor-
rhage lethal disease of domestic and wild swine. The causative agent
of ASF is a large enveloped DNA virus with a complex structure.
There are twenty-four ASFV genotypes described to date. However,
in Vietnam, only genotypes II had been previously described. The
genetic characterization of ASFV enhances the understanding of
ASF epidemiology in terms of the extent, severity, source, and
potential genetic variations among ASFV strains circulating in
Southern Vietnam. Twenty ASFV strains were collected from pigs
with ASFV-infected clinical signs from 10 provinces during 2019 -
2020. Partial B646L (p72) gene, complete E183L (p54), and CP204L
(p30) genes were amplified, purified, and sequenced. Phylogenetic
analysis confirmed the circulation of genotype II by both the partial
B646L (p72) and full-length E183 (p54) gene sequencing. Analysis
of the p72, p54, and p30 regions did not indicate any change in
the nucleotide and amino acid sequences among these strains.
The results of this study revealed that these ASFVs shared high
homology to ASFV isolates detected in Northern Vietnam and China.

Cited as: Nguyen, H. Q., Nguyen, D. M. T., Nguyen, N. M., Nguyen, D. N. T., Luu, H. Q. T., &
Do, D. T. (2021). Genetic analysis of African swine fever virus based on major genes encoding p72,
p54 and p30. The Journal of Agriculture and Development 20(3), 18-25.

1. Introduction

Lithuania, Poland, Latvia, and Estonia in 2014,
the Czech Republic and Romania in 2017, and

African swine fever (ASF) is reported as a
highly contagious hemorrhage lethal disease by
the World Organization for Animal Health (OIE,
2019). First described in Kenya in 1921, it hap-
pened on the African continent until 1957, when
it spread from Angola to Lisbon. From then on,
African swine fever virus (ASFV) has been re-
peatedly identified in many countries of Europe,
Central America, and South America. The intro-
duction of ASFV into Georgia from Southeast
Africa in 2007 was described by Rowlands (2008).
After that, ASFV crossed into the Eastern Euro-
pean Union (EU) territory in 2014 and affected

Hungary and Bulgaria in 2018 (Gallardo et al.,
2017; OIE, 2018). In 2018, the disease reached
China having the largest pig production (Ge et
al., 2018), followed by Vietnam (2019) (Le et al.,
2019), and other Asian countries, which caused
the devastation of pig industry, leading to sub-
stantial economic loss due to the lack of an effec-
tive vaccine (FAO, 2020).

African swine fever is caused by the ASFV that
is the only member of the family ASFarviridae
(Dixon et al., 2020). ASFV was classified into
24 genotypes (Quembo et al., 2018). The differ-
ent strains lead to variable pathogenesis ranging
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from highly lethal to asymptomatic. The highly
virulent genotype II is confirmed as a circulating
strain in China, and Vietnam which showed high
mortality (91-100%), making ASF the most se-
vere restriction on domestic pig production, food
security, and livelihood and socioeconomic effects
(Ge et al., 2018; Gallardo et al., 2019).

In Vietnam, the previously -characterized
ASFV have been reported only genotype I based
on sequencing of the C-terminal region of the
B646L gene (Le et al., 2019; Tran et al., 2020;
Mai et al., 2021). Further differentiation between
close strains and identifying virus subtypes of the
24 genotypes was achieved by nucleotide sequenc-
ing of the whole E183L gene regions encoding p54
proteins and the CP204L gene encoding the phos-
phoprotein p30. Previous studies have shown that
using the three encoding regions of the ASFV
DNA including p72, p54, and p30, to characterize
ASFV is much sufficient despite the presence of
many other markers (Nix et al., 2006; Gallardo
et al., 2009).

This study was set out to characterize African
swine fever virus genotypes from 20 farms in 10
provinces, which occurred ASF outbreaks in 2019
and 2020. The results are expected to contribute
sequence data for molecular epidemiology studies
and provide further understanding of ASF disease
patterns in Southern Vietnam.

2. Materials and Methods
2.1. Study design and sample collection

This study was conducted in 10 Southern
provinces of Vietnam (Figure 1). Samples were
collected from clinical pigs in ASF outbreaks re-
ported in the period of 2019 - 2020. Sets of
lymph nodes, spleens, kidney, lung, and whole
blood from 20 pigs were collected for diagnosis
according to the OIE-recommendation, then the
whole blood used for DNA extraction submitted
to sequencing. PCR amplification of ASFV detec-
tion was performed using primers PPA-1/PPA-2
described in previous studies (Table 1). Sample
source, temporal and spatial distribution of spec-
imens were summarized in Table 2.

2.2. DNA extraction and PCR. assay

The genomic DNA of ASFV was extracted
following the manufacturer’s instructions of
the commercial kit Promega™ Wizard™ SV

Table 1. Primers used for PCR detection and PCR, genomic characterization

References

Size of products

Sequences (5-3’)

GPrimers
PPA-1

Gene name

Aguero et al., 2004

257bp

AGTTATGGGAAACCCGACCC
CCCTGAATCGGAGCATCT

PPA-2

B646L

Bastos et al., 2003

478bp

GGCACAAGTTCGGACATGT
GTACTGTAACGCAGCACAG

P720
P72D

B646L

Gallardo et al., 2008

676bp

CGAAGTGCATGTAATAAACGTC
TGTAATTTCATTGCGCCACAAC

PPAT722
PPA89

E183L

Rowlands et al., 2008

521bp

ATGAAAATGGAGGTCATCTTCAAAAC
AAGTTTAATGACCATGAGTCTTACC

P30F
P30R

CP204L
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Figure 1. Map of Vietnam showing locations where field strains were obtained and genotyped.

Table 2. Summary of African swine fever viruses used in this study

ASFV strains

District/province

Sampling date

Sample
tained

ob-

from

Host

each pig

VN/HCMC /2019-ASF1
VN/BRVT/2019-ASF1
VN/BRVT/2019-ASF2
VN/BD/2019-ASF1
VN/BD/2019-ASF2
VN/BD/2020-ASF3
VN/BD,/2020-ASF4
VN/BP/2019-ASF1
VN/DN/2019-ASF1
VN /DN /2019-ASF2
VN/DN/2019-ASF3
VN/DN/2020-ASF4
VN/DN /2020-ASF5
VN/BenTre/2020-ASF1
VN/CT/2019-ASF1
VN/LA/2019-ASF1
VN/LA/2019-ASF2
VN/LA/2019-ASF3
VN/TG/2020-ASF1
VN/VL/2019-ASF1

Binh Tan/HCMC
Chau Doc/BRVT
Xuyen Moc/BRVT
Phu Giao/Binh Duong
Phu Giao/Binh Duong
Phu Giao/Binh Duong
Phu Giao/Binh Duong
Binh Phuoc

Trang Bom/Dong Nai
Vinh Cuu/Dong Nai
Long Thanh/Dong Nai
Long Khanh/Dong Nai
Thong Nhat/Dong Nai
Ben Tre

Vinh Thanh/Can Tho
Ben Luc/Long An

Ben Luc/Long An

Ben Luc/Long An
Tien Giang

Binh Minh/Vinh Long

July, 2019
August, 2019
November, 2019
September, 2019
July, 2019
July, 2020
June, 2020
June, 2019
June, 2020
June, 2019
August, 2019
May, 2020
July, 2020
December, 2020
July, 2019
September, 2019
October, 2019
September, 2019
July, 2020
August, 2019
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DP: Domestic pig; CP: Convalescent pig; WB: whole blood; S: serum, LN: lymph node; Sp: pleen; L: lung; K: kidney; WB:

whole blood.
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Genomic DNA Purification System (Promega,
USA). PCR amplification for the genomic char-
acterization of ASFV was performed to amplify
the variable 3’-end of the B646L gene, whole gene
E183L encoding the p54 protein, and the CP204L
(p30) gene using primers that showed in Table 1.

All PCR amplifications were performed using
kit MyTaq TM HS Mix, 2x (Bioline, USA). Reac-
tions contained 12 pl. MyTaq TM HS Mix, 5 pL
DNA, 1 pL of 10 pM Forward primer, 1 pL of 10
1M Reverse primer, and 6 pL free-DNA water in a
total reaction volume of 25 pL. The positive con-
trol DNA was given by Veterinary Hospital Labo-
ratory of Nong Lam University (Vietnam). DNA
extracts were substituted by nuclease free water
in negative control reaction. Thermocycling con-
dition for PCR detection of ASFV included a 10
min initial denaturation step of 95°C, followed by
40 cycles of 15 sec at 95°C, 30 sec at 62°C, and
30 sec at 72°C with a 5-min elongation step at
72°C. Thermocycling condition for amplification
of the p72, p54, and p30 genes, the initial denat-
uration at 95°C for 5 min, followed by 40 of 30
sec at 95°C, 30 sec at 55°C, and 1 min at 72°C,
and a final elongation at 72°C for 10 min. Af-
terward, PCR products were mixed with GelRed
nucleic acid stain (Merck, Germany) and elec-
trophoresed in a 1% agarose gel electrophoresis
(Invitrogen, Thermo Fisher Scientific, USA) us-
ing 1 Kb Plus ladder (Invitrogen, Thermo Fisher
Scientific, USA) to indicate the sizes of amplifi-
cation products.

2.3. Genetic sequence and analysis

The PCR products of 3 gene regions (p72,
pb4, and p30) were purified using the Top-
PURER PCR/GEL DNA PURIFICATION kit
(ABT, Vietnam) and were sent to sequenc-
ing laboratory (Macrogen, Korea). Both se-
quences from the forward strand and the re-
verse complement sequences were manually over-
lapped to obtain a single sequence. The nu-
cleotide sequences of the B646L, E183L and
CP204L genes of the collected ASFV strains
were compared with previous Vietnamese strains
and with other sequences published available in
GenBank (NCBI) (Table 3). The nucleotide se-
quences of three defined genes obtained were
aligned using the CLUSTAL W package and phy-
logenetic analyses were conducted according to
the maximum likelihood approach with a boot-
strap value of 1000 in the MEGA X software

(https://www.megasoftware.net).
3. Results
3.1. Confirmation of ASF using PCR

The 20 pigs included sows, fattening pigs, and
nursing pigs that showed specifically pathologi-
cal and clinical signs of ASF, including fever (41
- 42°C), loss of appetite, vomiting, skin hemor-
rhages, bloody discharge from the nose, and joint
swelling. PCR revealed a band size of 257 bp,
hence 20 pigs tested positive for ASF viral DNA
(gel not shown).

3.2. Nucleotide and amino acid sequence ana-
lyis

3.2.1. Sequence alignment

Nucleotide and amino acid sequences of partial
p72, full-length p54, and p30 of the 20 strains
shared 100% sequence identity with each other.
They shared 98.63% - 100% nucleotide and amino
acid identity with the partial p72, full-length p54,
and p30 sequences of genotype II reference iso-
lates. The amino acid sequence alignment re-
vealed that 20 strains shared 96.42% - 100%
p72 sequence identity, 100% p54 sequence iden-
tity, and 99.42% - 100% p30 sequence identity
within p72 genotype II. Interestingly, nucleotide
and amino acid sequences of partial p72, full-
length p54, and p30 of CN201801 (MH735140)
and Jilin/2018 (MK189456) ASFV strains from
China shared 100% sequence identity with 20
strains in this study (Figure 2).

3.2.2. Phylogenetic analysis

P72 phylogenetic tree: The p72 genotyping
PCR results indicated a band size of 478 bp from
all the samples using primers P72U/P72D (gel
not shown). Phylogenetic analysis and compari-
son of these sequences to other isolates of known
genotypes identified the 20 sequences belonging
to B646L genotype II as shown in Figure 2A.

P54 phylogenetic tree: A band size of 676 bp
was amplified using primers PPA722/PPA89 (gel
not shown). Analysis of whole-length p54 se-
quences confirmed that the circulating virus be-
longs to genotype II (Figure 2B).

P30 phylogenetic tree: PCR amplification of
CP204L gene from each of 20 field strains pro-
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Table 3. References of ASFV isolates from Vietnam and over the world from Genbank

Year of . P72 P72 gene Genbank P54 P54 gene Genbank P30 gene Genbank
Isolates . . Countries . . .

isolation genotype accession number genotype accession number accession number
Hanoi/2019 2019 Vietnam 11 MT332151 11 MT166692 MT166692
NgheAn/2019 2019 Vietnam IT MT180393 11 MT180393 MT180393
VN/Pig/NA /1393 2020 Vietnam II MNT711740 - NA NA
CN201801 2018 China 11 MH722357 11 MH735140 MH735141
Wuhan/2019 2019 China I1 MN393476 11 MN393476 MN393476
Jilin/2018 2018 China 11 MK189456 - - MK214680
Pol18 2018 Poland 11 MTR847621 11 MT847621 MT847621
Georgia_2007/1 2007 Georgia I1 NC_044959 - - NC_044959
Etalle/2018 2018 Belgium 11 MK543947 11 MK543947 MK543947
LT14/1490 2014 Lithuania 11 MK628478 11 MK628478 MK628478
ZAM/14/Chipata 2014 Zambia, 11 LC174751 - NA LC213611
OURT_88/3 1989 Portugal I AM712240 Ic AM712240 AM712240
Li20/1 1983 Malawi VIII AY261361 VIII AY261361 AY261361
Kenya-1950 1950 Kenya X AY261360 X AY261360 AY 261360
MZUKI/1979 1979 wﬂ% I AY261362 Ib AY 261362 AY 261362
Warthog NK Namibia v AY261366 IVa AY261366 AY261366
KAB/62 1983 Zambia XI AY351522 XI EU874331 EU874289
SUM 14/11 1983 Zambia XIII AY351542 XIII EU874357 EU874287
TMB 89/1 1989 Zambia VIII AY 351557 - NA JQT76886
SPEC/53 NK wwmww XXI DQ250111 XXI KC662384 NA
Ken05/Tkl 2014 Kenya X KM111294 X KM111294 KM111294
Ken06Bus 2014 Kenya IX KM111295 IX KM111295 KM111295
ZAM/13/Kalomo NK Zambia, X1v LC174752 X1V LC174761 LC213612
ZAM/14/Kasempa NK Zambia, X1V LC174753 XIV LC174762 NA
RS NK Uganda IX MHO025916 IX MHO025916 MHO025916
RSA _2/2008 2008 South_Africa XXII MN336500 XXII MN336500 MN336500
RSA_2/2004 2004 South_Africa XX MNG641877 XX MN641877 MN641877
Liv13/33 France I MN913970 Ia MN913970 MN913970
RSA W1 1999 South_Africa IV MN641876 IVb MN641876 MN641876

www.jad.hcmuaf.edu.vn

The Journal of Agriculture and Development 20(3)


http://jad.hcmuaf.edu.vn

Nong Lam University, Ho Chi Minh City

23

! VNICT2018.45F1 & VHVLZOIS-ASFT
VNIDN/2020-A5F4 ® VNTGRUZ-ASF1
(A) ® vweRvTZ08ASFE (B)|® wiazoisases
a0 e e @ VNLAZDISASE2
VABer e ASE g Pamess
n 1 T
VNIBRVT2018-A5F1 e et
VN/BO/2020-A5F
Mty g @ VNOW2020-A5FS
| ViBo0A 8 onzmsacr:
VD01 9-A
M ] u| @ VNCHZOIBASF2 —
VNIDN/2018-ASF ® VNOHZOI9-ASF1 type it
VN/DN/2018-ASF1 @ VNBPZOIG-ASE
L AC1708 T g & Wi 4
@ VHHCMCI2018-A5F1 Genotype I g ’
g o ez
® VNBDIDIH-ASF
b & VNERVT/Z010-ASF2
VHILAZO18-A5E2 = | @ VNBARVTZ018-A5F1
VHITG2018-A5F1 [ |8 VNHCMCR018.A5F
VNILAZO18.45F3 T Pt
VNNLI2018-A5F1 ® VNEDZON-ASF

Cra WA

ABOUED S MO | B

s e 360
1o

Figure 2. ASFV phylogenetic trees based on nucleotide sequences of genes encoding p72-p54-p30.

(A) P72 genotype (B) P54 sub-group within p72

genotype, (C) P30 phylogenetic trees. The max-

imum likelihood approach was used for construction of phylogenetic trees in MEGA X software
(https://www.megasoftware.net/). Numbers along branches indicate bootstrap values > 50% (1000 repli-
cates). The red circles are ASFVs from this study. Scale bars indicate nucleotide substitutions per site.

duced a 521 bp band (gel not shown). All
ASFVs collected from the 2019 - 2020 out-
breaks in Southern Vietnam were indistinguish-
able in the p30 phylogeny. Except for one virus
(ZAM14/Chipata, accession no. LC213611), all
p72 genotype II ASFVs belonged to the same
clade (Figure 2C).

4. Discussion

Phylogenetic analysis based on nucleotide se-
quences of the C-terminal of the B646L gene
(p72), full-length E183L (p54) gene showed that
all 20 Vietnamese ASFV field strains belonged to
genotype II. The other analysis of p30 phylogeny
showed that this genomic region could differenti-
ate among closely related viruses (Simulundu et
al., 2017). The findings are in contrast to those of
a previous study in which p30 sequences obtained
from ASFV collected from 10 different provinces
over two years showed remarkable genetic stabil-
ity and so could not obtain a finer level of dis-
crimination among closely related viruses using
this genomic region. The idea that illegal trans-
portation of pork and pork products, triggering

the outbreak in Southern Vietnam seems to sup-
port from this genetic analysis, which showed
that the virus in this study was very similar in
the comparison based on any of three selected
gene fragments (B646L, E183L, and CP204L) to
ASFVs which caused outbreaks in China during
2018 (CN201801 and Jilin/2018).

On the other hand, the analysis and compar-
ison of the three independent regions of ASFV
gene sequences in this study and other reports
in Vietnam showed high stability of the ASFV
genome (Le et al., 2019; Mai et al., 2021). How-
ever, the finding conflicted with the previous
study in which p72 sequences obtained from
ASFYV collected from Nghe An province showed
the presence of some nucleotide point substitu-
tion mutations (Tran et al., 2020). In general, the
mutation rate of DNA viruses is lower than RNA
viruses and ranges between 1078 to 107 substi-
tutions per nucleotide per cell infection (Sanjuan
et al., 2010). Mowever, double-stranded DNA’s
evolutionary rate is difficult to estimate (Firth
et al., 2010). The accurate proofreading of DNA
polymerase and virus-encoded base excision DNA
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repair system results in a low mutation rate in
ASFV DNA. Our results may be rational to the
previous description that ASFV is very stable and
shows a very low mutation rate, which leads to
low genetic variability in affected regions (Dixon
et al., 2020). Interestingly, the virus collected
from apparently convalescent pigs in a survey fol-
lowing this study had presented 100% of identity
in the 3 ASFV genome regions of the 2019 - 2020
ASFYV strains which induced an acute form of the
infection for the 20 pigs. It could be assumed that
after the first introduction of the disease in an
area, increased numbers of subacute and subclin-
ical infections could happen over time, and that
mortality rates decrease. In such circumstances,
the clinical manifestations are more variable, and
recognition of the disease becomes problematic in
the field, emphasizing the need for implementa-
tion of appropriate surveillance programs to con-
trol the disease. This study provides the phyloge-
netic information about ASFV strains circulating
in Southern areas of Vietnam during 2019 - 2020,
which will be useful for ASF control program in
Vietnam and neighboring countries.

Vietnam shares a cross-border with China, and
illegal transport of pigs and pig products fre-
quently occurs in the border provinces of both
countries (Kreindel et al., 2018). On the other
hand, Vietnam imports pork and other pork
products from different European countries, such
as Poland, Russia. The exact route of the in-
troduction of ASFV into Vietnam remains un-
known. According to recent molecular studies,
some different ASFV strains circulate in China
(Ge et al., 2018; 2019). These strains may repre-
sent multiple introductions of ASFV into China
or intra-epidemic genome variation caused by a
genetic mutation. To trace the source and ex-
tend the knowledge of ASFV evolution and epi-
demiology in Vietnam, we analyzed nucleotide
and amino acid sequences of three defined re-
gions of the genome B646L, E183L, and CP204L
from the tested ASFV. Because all nucleotide
and amino acid sequences for each genome re-
gion from all pigs in various cases obtained from
Vietnam were identical, this study concluded that
the ASF outbreaks in Vietnam and the surround-
ing areas were probably due to a single introduc-
tion of the virus. The genetic analysis results also
reflected the rapid spread of pathogens within
six months, spread to 63 provinces throughout
the country and from a single source after enter-
ing Vietnam. ASFV is a pathogen that spread

slowly in nature or under strict supervision. A
nationwide outbreak of ASF indicated that the
control of the epidemic in Vietnam was quite
loose and less stringent. Vietnam has many small
and household-scale farms, typically poor biose-
curity, outdated facilities, limited breeding tech-
niques and low awareness of veterinary regula-
tions, which were significant contributors to the
introduction, spread, and circulation of the dis-
ease. Besides, a lot of slaughterhouses and fresh
meat markets are located close to the livestock
sector, increasing the difficulty of disease control
in Vietnam.

5. Conclusions

The results revealed that ASFV circulating in
Southern Vietnam during 2019 - 2020 outbreaks
belong to genotype II. The combination of molec-
ular data and epidemiologic findings have con-
firmed that the ASFVs detected in Southern re-
gions of Vietnam most probably originated or
showed the same genetic relatedness to ASFVs
detected in Northern Vietnam during 2019 and
China in 2018. Analysis of the three independent
genes of ASFV in this study and previous stud-
ies in Vietnam showed high stability of ASFV
genome.

Conflict of interest
The authors declare no conflict of interest.
Acknowledgments

The study funded by the Scientific Research
Fund of Nong Lam University, Ho Chi Minh City,
Vietnam which was coded CS-SV20-CNTY-01.

References

Aguero, M., Fernandez, J., Romero, L., Sanchez Mas-
caraque, C., Arias, M., & Sanchez-Vizcaino, J. M.
(2004). Highly sensitive pcr assay for routine diagnosis
of African swine fever virus in clinical samples. Journal
of Clinical Microbiology 41(9), 4431-4434.

Bastos, A. D. S., Penrith, M. L., Cruciére, C., Edrich,
J. L., Hutchings, G., Roger, F., Couacy-Hymann, E.,
& Thomson, G. R. (2003). Genotyping field strains of
African swine fever virus by partial p72 gene charac-
terisation. Archives of Virology 148(4), 693-706.

Dixon, L. K., Stahl, K., Jori, F., Vial, L., & Pfeiffer, D. U.
(2020). African swine fever epidemiology and control.
Annual Review of Animal Biosciences 8, 221-246.

The Journal of Agriculture and Development 20(3)

www.jad.hcmuaf.edu.vn


http://jad.hcmuaf.edu.vn

Nong Lam University, Ho Chi Minh City

25

FAO (Food and Agriculture Organization). (2020). ASF
sttuation in Asia update. Retrieved March 5, 2020, fr-

om http://www.fao.org/ag/againfo/programmes/en/
empres/ASF /2020/Situation_update_2020_03_05.html.

Firth, C., Kitchen, A., Shapiro, B., Suchard, M.A.,
Holmes, E.C., & Rambaut, A. (2010). Using time-
structured data to estimate evolutionary rates of
double-stranded dna viruses. Molecular Biology and
Evolution 27(9), 2038-2051.

Gallardo, C., Ferndndez-Pinero, J., & Arias, M. (2019).
African swine fever (ASF) diagnosis, an essential tool
in the epidemiological investigation. Virus Research
271, 197676.

Gallardo, C., Mwaengo, D. M., Macharia, J. M., Arias,
M., Taracha, E. A., Soler, A., Okoth, E., Martin, E.,
Kasiti, J., & Bishop, R. P. (2008). Enhanced discrimi-
nation of African swine fever virus isolates through nu-
cleotide sequencing of the p54, p72, and pb6021 (cvr)
genes. Virus Genes 38(1), 85-95.

Gallardo, C., Reis, A. L., Kalema-Zikusoka, G., Malta, J.,
Soler, A., Blanco, E., Parkhouse, R. M. E., & Leitao, A.
(2009). Recombinant antigen targets for serodiagnosis
of African swine fever. Clinical and Vaccine Immunol-
ogy 16(7), 1012-1020.

Gallardo, C., Soler, A., Nieto, R., Cano, C., Pelayo, V.,
Sénchez, M. A., Pridotkas, G., Fernandez-Pinero, J.,
Briones, V., & Arias, M. (2017). Experimental infec-
tion of domestic pigs with African swine fever virus
lithuania 2014 genotype ii field isolate. Transboundary
and Emerging Diseases 64(1), 300-304.

Ge, S., Li, J., Fan, X., Liu, F., Li, L., Wang, Q., Ren,
W., Bao, J., Liu, C., Wang, H., Liu, Y., Zhang, Y.,
Xu, T., Wu, X., & Wang, Z. (2018). Molecular char-
acterization of African swine fever virus, china, 2018.
Emerging Infectious Diseases 24(11), 2131-2133.

Ge, S., Liu, Y., Li, L., Wang, Q., Li, J., Ren, W., Liu, C.,
Bao, J., Wu, X., & Wang, Z. (2019). An extra insertion
of tandem repeat sequence in African swine fever virus,
china, 2019. Virus Genes 55(6), 843-847.

Kreindel, S. , Pittiglio, C., Pinto, J., Lockhart, C., Cal-
istri, P., Lubroth, J., & Correa, M. (2018). African
swine fever threatens people’s republic of China - a

rapid risk assessment of ASF introduction. Rome,
Italy: FAO.

Le, P. V., Jeong, G. D., Yoon, S. W., Kwon, H. M., Trinh,
N. T. B., Nguyen, L. T., Bui, N. T. T., Oh, J., Kim, B.
J., Cheong, M. K., Nguyen, T. V., Bae, E., Vu, H., T.
T., Yeom, M., Na, W., & Song, D. (2019). Outbreak
of African swine fever, Vietnam, 2019. Emerging In-
fectious Diseases 25(7), 1433-1435.

Mai, A. N. T., Vu, D. X., Nguyen, H. T. T., Nguyen, T.
V., Trinh, N. T. B., Kim, J. Y., Kim, H. J., Cho, K.
H., Nguyen, L. T., Bui, N. T. T\, Jeong, G. D., Yoon,
S. W., Truong, T., Ambagala, A., Song, D., & Le, P.
V. (2021). Molecular profle of African swine fever virus
(ASFV) circulating in Vietnam during 2019-2020 out-
breaks. Archives of Virology 166(3), 885-890.

Nix, R. J., Gallardo, C., Hutchings, G., Blanco, E., &
Dixon, L. K. (2006). Molecular epidemiology of African
swine fever virus studied by analysis of four variable
genome regions. Archives of Virology 151(12), 2475-
2494.

OIE (World Organisation for Animal Health). (2019).
African swine fever situation. Retrieved January, 2021,
from https://www.oie.int/fileadmin/Home/eng/Health_
standards/tahm/3.08.01_ASF.pdf?fbclid=IwAR0xd3m
Fl-ultXzS-GmCqjLdJVzgV6al13SrJI-sWi84jwKuFRf-
qHcenOsg.

OIE (World Organisation for Animal Health). (2018).
African swine fever in Hungary. Retrieved February,
2021, from https://www.oie.int/app/uploads/2021/
03/report-47-global-situation-asf.pdf.

Quembo, C. J., Jori, F., Vosloo, W., & Heath, L. (2018).
Genetic characterization of African swine fever virus
isolates from soft ticks at the wildlife/domestic inter-
face in mozambique and identification of a novel geno-
type. Transboundary and Emerging Diseases 65(2),
420-431.

Rowlands, R. J., Michaud, V., Heath, L., Hutchings, G.,
Oura, C., Vosloo, W., Dwarka, R., Onashvili, T., Al-
bina, E., & Dixon, L. K. (2008). African swine fever
virus isolate, Georgia, 2007. Emerging Infectious Dis-
eases 14(12), 1870-1874.

Sanjuan, R., Nebot, M. R., Chirico, N., Mansky, L. M.,
& Belshaw, R. (2010). Viral mutation rates. Journal
of Virology 84(19), 9733-9748.

Simulundu, E., Lubaba, C. H., Van Heerden, J., Kaji-
hara, M., Mataa, L., Chambaro, H. M., Sinkala, Y.,
Munjita, S. M., Munang’andu, H. M., Nalubamba, K.
S., Samui, K., Pandey, G. S., Takada, A., & Mweene,
A. S. (2017). The epidemiology of African swine fever
in “nonendemic” regions of Zambia (1989-2015): Im-
plications for disease prevention and control. Viruses
9(9), 236.

Tran, T. H. T., Truong, D. A., Ly, V. D., Vu, H. T.,
Hoang, T. V., Nguyen, C. T., Chu, N. T., Nguyen, H.
T., Pham, T. N., Nguyen, T., Yersin, A. G., & Dang,
V. H. (2020). Genetic characterisation of African swine
fever virus in outbreaks in ha nam province, red river
delta region of vietnam, and activity of antimicrobial
products against virus infection in contaminated feed.
Journal of Veterinary Research 64(2), 207-213.

www.jad.hcmuaf.edu.vn

The Journal of Agriculture and Development 20(3)


http://www.fao.org/ag/againfo/programmes/en/empres/ASF/2020/Situation_update_2020_03_05.html
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.08.01_ASF.pdf?fbclid=IwAR0xd3mFl--ultXzS-GmCqjLdJVzgV6a13SrJI-sWi84jwKuFRf-qHcnOsg
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.08.01_ASF.pdf?fbclid=IwAR0xd3mFl--ultXzS-GmCqjLdJVzgV6a13SrJI-sWi84jwKuFRf-qHcnOsg
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.08.01_ASF.pdf?fbclid=IwAR0xd3mFl--ultXzS-GmCqjLdJVzgV6a13SrJI-sWi84jwKuFRf-qHcnOsg
https://www.oie.int/app/uploads/2021/03/report-47-global-situation-asf.pdf
http://jad.hcmuaf.edu.vn

26

Nong Lam University, Ho Chi Minh City

Quantities and antibiotic resistance of microorganisms in some microbial products for

animals in Vietnam

Nhi T. T. Nguyen, Ngoc H. Le, & Hoa T. K. Ho"
Faculty of Animal Science and Veterinary Medicine, Nong Lam University, Ho Chi Minh City, Vietnam

ARTICLE INFO
Research Paper

Received: March 29, 2021
Revised: May 31, 2021
Accepted: June 10, 2021

Keywords

Antibiotic resistance
Bacillus
Lactobacillus
Probiotics

*Corresponding author

Ho Thi Kim Hoa
Email: hoa.hothikim@hcmuaf.edu.vn

ABSTRACT

The aims of the study were to look into the quantities of live
beneficial microorganisms and antibiotic resistance of bacterial
strains in several probiotic products used for food animals
in the market. Ten probiotic products that claim to contain
beneficial bacteria and fungi were examined. Eight products
are said on the label to contain Lactobacillus spp., nine contain
Bacillus spp., five contain yeasts and two have molds. The results
showed that eight products did not have the microbial quantities
or/and composition of microorganisms as saying on their labels.
Of eight products which claim to contain Lactobacillus spp.,
the bacteria were isolated from only four, of which three had
Lactobacillus counts at least ten-fold as low as the numbers
on the labels. Spore-forming bacilli were isolated from all nine
Bacillus-containing products. However, two products had the
bacterial counts at least 10-fold as low as the numbers printed
on the labels. Among five products stated to contain yeasts,
the organisms were recovered from samples of only one. Seven
Lactobacillus and fifteen Bacillus isolates from all samples that
had bacterial growth were tested for their susceptibility against
seven common antibiotics using Kirby-Bauer disk diffusion
method. The results revealed that all the Lactobacillus isolates
showed susceptibility to the tested antibiotics except kanamycin.
All 15 Bacillus isolates were susceptible to ampicillin, kanamycin,
and ciprofloxacin; five isolates were intermediately resistant to
tetracycline; one isolates resisted erythromycin, and one isolates
was resistant to vancomycin. The results of this study would
provide information for farm practice in choosing antibiotics
used together with antibiotics to maintain or/and restore the gut
microflora after antibiotic treatment.

Cited as: Nguyen, N. T. T\, Le, N. H., & Ho, H. T. K. (2021). Quantities and antibiotic resistance
of microorganisms in some microbial products for animals in Vietnam. The Journal of Agriculture

and Development 20(3), 26-31.

1. Introduction

tives to replace antibiotics in animal production.
FAO/WHO has provided a definition of probi-

In the last two decades, the use of probiotics
has become more and more popular in food-
animal production. They are used for promot-
ing animal health status and disease prevention,
and for improvement of productivity. Probiotics
have become one of the most potent alterna-

otics, which has been used as selection criteria
for probiotic strains to be used in foods and di-
etary supplements. Probiotic strains for human
use must be (i) sufficiently characterized; (ii) safe
for the intended use; (iii) supported by at least
one positive human clinical trial conducted ac-
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cording to generally accepted scientific standards;
and (iv) alive in the product at an efficacious
dose throughout shelf life (Binda et al., 2020).
Although the selection of beneficial bacteria for
use in animals is not as strict as in humans, those
criteria are still applied when a strain is stud-
ied for probiotic potential. Although most se-
lected probiotic strains are safe, probiotics may
possess undesirable properties such as virulence
factors and transferable antimicrobial resistance
(Alayande et al., 2020).

The objectives of the present study were to look
into the quantities of live beneficial microorgan-
isms and the resistance to some antibiotics of bac-
terial strains in several probiotic products used
for food animals in the market.

2. Materials and Methods

Ten different products (named from A to J)
containing beneficial microbes — Lactobacillus
spp., Bacillus spp. and fungi were purchased from
veterinary stores. They were all made in Vietnam
and recommended to be used as supplements for
food animals. Eight products are said on the label
to contain Lactobacillus spp., nine contain Bacil-
lus spp., five contain yeasts and two have molds.

2.1. Enumeration and isolation of the benefi-
cial microbes from probiotic products

Ten-fold serial dilution of each sample was
made by suspending one gram of each product
into nine ml of sterilized MRS broth (de man,
Rogosa, Sharpe; Oxoid, CM0359) or saline. Mi-
crobial enumeration was performed using conven-
tional plate count method. One hundred pL of
each dilution (107! to 107°) was spread on an
appropriate agar plate to each group of exam-
ined microorganisms as described later. The pro-
cess (weighing sample, making dilutions and in-
oculation) was repeated twice. If no growth were
detected from the lowest dilution (10~!) from one
repeat, the process was done for the third time.

2.1.1. Lactic acid bacteria

MRS agar (de man, Rogosa, Sharpe; Oxoid;
CMO0361) was used for enumeration of lactobacilli
(De Man et al., 1960). One hundred pL of each
sample dilution in MRS broth was spread onto
an MRS agar and incubated at 37°C/48 h under
anaerobic condition (ThermoFisher, AN0025).

For each sample, colonies on a plate that had
a growth of 20 - 200 colonies were accounted.
Three colonies from the counted plate were re-
streaked onto new MRS agar plates and anaero-
bically incubated at 37°C/48 h. Each isolate was
microscopically examined for Gram reaction and
cell morphology. Test for catalase production was
conducted by dripping two drops of hydrogen per-
oxide 3% onto bacteria on a glass slide. Isolates
that were Gram-positive rods, non-spore form-
ing and did not produce catalase was confirmed
as Lactobacillus bacteria. Two isolates from each
sample were kept in 15%-glycerin MRS broth at
-20°C for further studies.

2.1.2. Bacillus spp.

TSA agar (Tryptone soya agar; Oxoid,
CMO0131) were used for enumeration of Bacil-
lus spp. (Gorsuch et al., 2019). One hundred
pnL of each sample dilution in saline was spread
onto a TSA plate and aerobically incubated at
37°C/48 h. Typical colonies of Bacillus bacte-
ria were large, wrinkled, and saw-edged. For each
sample, colonies on a plate that had a growth of
20 - 200 colonies were accounted. Three colonies
from the counted plate were re-streaked onto new
TSA agar plates and aerobically incubated at
37°C/24 h. Each isolate was microscopically ex-
amined for Gram reaction and cell morphology.
Bacillus cells were large positive rods of which
some were seen with endospores.

2.1.3. Yeasts and molds

Sabouraud dextrose agar (Oxoid, CMO0041)
containing chloramphenicol 5 mg/100 mL was
used for growing yeasts and molds (Ladiges et
al., 1974). One hundred pL of each sample dilu-
tion in saline was spread onto a Sabouraud plate
and aerobically incubated at 30°C, and checked
for fungal growth after one day, two days and
a week. For each sample, colonies on a plate of
20 - 200 colonies were accounted, from which
three colonies were re-streaked onto new agar
sabouraud dextrose agar plates. Yeast colonies
were large, smooth, raised, with even edges. Mold
colonies was large, fuzzy, and pigmented. Two
or three colonies from each sample was Gram-
stained (yeasts) or Giemsa-stained (mold) and
examined under a microscope at magnification
400x (Figure 1).
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Figure 1. Mold colonies after one-day incubation
(left) and Giemsa staining photo showing mold hy-
phae and spores (right; x400 magnification).

2.2. Antibiotic susceptibility testing

Two isolates of each microbe (Lactobacillus
or Bacillus) from each sample (product) were
tested for theirs susceptibility to seven antibiotics
(ampicillin, amoxicillin/clavulanic, ciprofloxacin,
erythromycin, kanamycin, tetracycline, van-
comycin). The test was conducted using Kirby-
Bauer disk diffusion method. The antibiotics be-
long to major groups which can be used for Gram-
positive bacteria. Briefly, suspension of each iso-
late was made with saline to obtain turbidity
equivalent to McFarland scale 0.5. The suspen-
sions of Lactobacillus isolates each was spread
evenly onto an MRS agar plate with a sterile
cotton swab. Bacillus isolates were spread on
Mueller-Hinton agar (MHA, Oxoid, CMO0337).
Antibiotic discs (Nam Khoa Biotek, Vietnam)
were then placed on the surface of inoculated
plates. MRS plates were anaerobically incubated
at 37°C for 48 h (Anisimova & Yarullina, 2019).
Plates of Bacillus isolates were aerobically incu-
bated at 37°C/24 h (Jang et al., 2018).

After the incubation, the diameter (mm) of
zone of inhibition (ZOI) was measured. Results
were interpreted according to the recommenda-
tion by CLSI guidelines (Le & Nguyen, 2016;
Sharma et al., 2017). Isolates with ZOI > 20 mm
diameter were considered as susceptible (S); ZOI
between 15 and 19 mm were as intermediate (I);
and ZOI < 14 mm were resistant (R).

3. Results and Discussion

3.1. Enumeration and isolation of microorgan-
isms

3.1.1. Lactobacillus spp.

The results are presented in Table 1. Of those
four products, the number of lactobacilli recov-

ered from one product (E) was ten-fold as high
as that said on the label; from two products (F
& G) it was more than ten-fold as low as the
numbers on the labels; and from one product (H)
the bacterial count was at the lower range of that
announced by the manufacturer.

3.1.2. Bacillus spp.

Of the nine samples that contain Bacillus spp.,
the numbers of bacteria recovered from four sam-
ples were similar as it said on the product labels
(product B, D, H, I). The other five were not.
From four samples (products E, F, G, J), bac-
terial counts were higher (approximately 1 to 3
log1g CFU/g), whereas the count from sample C
was 1 logig CFU lower.

3.1.3. Yeast and mold

On the product labels, it was written that
samples A and B contained both yeasts (Sac-
charomyces cerevisiae in A and Torulopsis bov-
ina in B), and mold Aspergillus oryzae. How-
ever, the culture showed the growth of the molds
but not the yeasts at all (after one week incuba-
tion). Furthermore, while the label of product A
said that there were 2 x 108 Aspergillus oryzae
CFU/g of the product, the actual count was 4 x
103 CFU/g. Similarly, it was 2 x 10° Aspergillus
oryzae CFU/g on the label of product B, but the
actual count was 8 x 105 CFU/g. It meant the
actual viable counts of the molds from two sam-
ples were about 1,000-fold as low as it was written
on the labels. Three samples (D, H and J) said
to have yeast species S. cerevisiae. However, no
growth was recovered from two samples D and H.

The enumeration and identification of probi-
otic microorganisms was carried out to evaluate
the quality of the products which are available in
the market. Four of the products claim to con-
tained Lactobacillus spp., but none were recov-
ered. There were five samples with revealed bac-
terial numbers were much lower than the numbers
printed on product labels. In 2002, FAO/WHO
gave a definition of probiotics as ”live microor-
ganisms which when administered in adequate
amounts confer a health benefit on the host”.
In this document, it is recommended that min-
imum viable numbers of each probiotic strain at
the end of the shelf-life should be described on
the label. Of eight products saying to have Lac-
tobacillus spp., only four did, of which the counts
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Table 1. Microbial counts from probiotic products (CFU/g)

Lactobacillus spp.

Bacillus spp.

Sample Label* Counts Label* Counts
A 4.8 x 10° nd No -
B 2.0 x 107 nd 2.0 x 107 4.4 x 107
C 5.0 x 108 nd 5.0 x 108 5.0 x 10°
D 109 nd 109 8.2 x 10°
E 109 1.7 x 107 108 8.0 x 108
F 10° 2.3 x 104 10° 5.1 x 107
G 105 8.6 x 10° 10° 4.2 x 106
H 10% - 107 5.8 x 10% 10% - 107 8.3 x 108
I No - 108 9.3 x 107
J No - 5.6 x 10° 5.0 x 10°

*The numbers of microbes stated on product labels; nd: No growth from 100 nuL of 10-fold sample dilution;

CFU: Colony forming unit.

of three were at least ten-fold as low as those on
the labels. On the other hands, Bacillus spp. were
isolated from all nine samples, of which two had
their counts at least ten-fold as low as they were
supposed.

So, samples of four products A, B, C and D
did not have the counts of all strains as it printed
on the labels, either not detected or much less.
Samples of products E, F, G had less numbers of
Lactobacillus than the label stated, and sample of
product H did not have yeast as it is mentioned in
the label. In summary, eight out ten products did
not have the target microbes or/and the numbers
of at least one strain were lower than it described
on the label.

The facts that Lactobacillus spp. were not re-
covered from samples of four products, while
Bacillus spp. were isolated from all would indi-
cate difficulties producing and maintaining the
survival of the lactic-acid-bacteria species. This
is probably due to the anaerobic property of Lac-
tobacillus spp.. Although a majority are aerotol-
erant, optimal growth and survival require anaer-
obic conditions. In contract, Bacillus spp. are
aerobes and spore-formers. Therefore, they can
grow best in the air and survive harsh environ-
ments. Aerobic metabolism and spore forming
are among main advantageous traits of Bacillus
strains for their use as probiotics for farm ani-
mals and aquatic animals, when cost of produc-
tion (that determines the price of the product)
and the storage conditions, the way of application
are important factors. There were four products
that did not meet the statement (on the labels)
about the presence and quantities of all beneficial
strains. This is a worldwide problem about pro-

biotic market. As reviewed by De Simone (2019),
current regulation of probiotics is inadequate to
protect consumers. So, the source of probiotics
(manufactories and/or stores) should be consid-
ered if one want to buy a probiotic product.

3.2. Antibiotic susceptibility of bacterial iso-
lates

3.2.1. Antibiotic susceptibility of Lactobacillus
isolates

All seven isolates showed susceptibility to the
tested antibiotics except kanamycin (Table 2).
Among seven isolates of Lactobacillus, two were
susceptible to kanamycin, one resistant and the
other showed intermediate sensitivity to the an-
tibiotic. This finding was consistent with some
previous studies, which reported that lactobacilli
were highly resistant to aminoglycosides (gen-
tamycin, kanamycin, streptomycin) that act by
inhibiting synthesis of protein (Gueimonde et al.,
2013).

3.3. Antibiotic susceptibility of Bacillus iso-
lates

The test was performed on 15 Bacillus iso-
lates. The results are presented in Table 3.
All were susceptible to ampicillin, kanamycin,
and ciprofloxacin. Five isolates showed interme-
diate susceptibility to tetracycline, one to amoxi-
cillin/clavulanic and one to vancomycin. This re-
sults agreed with previous reports in the litera-
ture. For examples, 55.4% Bacillus cereus isolates
from food samples by Tansuphasiri et al. (2006)
and 33% of B. subtilis isolates from a study by
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Table 2. Antibiotic sensitivity of Lactobacillus isolates (n = 7)

Antibiotics Disc concentration Isolates
(ng) 1L 6L-1 6L-2 9L-1 9L-2 10L-1 10L-2
Ampicillin 10 S S S S S S S
Amoxicillin + Clavulanic 30 S S S S S S S
Vancomycin 30 S S S S S S S
Erythromycin 15 S S S S S S S
Kanamycin 30 S I S I I I R
Tetracycline 30 S S S S S S S
Ciprofloxacin 5 S S S S S S S
S: Susceptible; I: Intermediate; R: Resistant.
Table 3. Antibiotic sensitivity of Bacillus isolates (n = 15)
Antibiotics Disc concentration Number of isolates
(ng) S T R

Ampicillin 10 15 100% 0 0% 0 0%

Amoxicillin + Clavulanic 30 14 933% 1 67% 0 0%

Vancomycin 30 13 8.6% 1 6.7% 1 6.7%

Erythromycin 15 14 933% 0 0% 1 6.7%

Kanamycin 30 15 100% 0 0% 0 0%

Tetracycline 30 10 66.7% 5 333% 0 0%

Ciprofloxacin 5 15 100% O 0% 0 0%

S: Susceptible; I: Intermediate; R: Resistant.

Le & Nguyen (2016) showed resistance to oxyte-
tracycline.

Antibiotic resistance of probiotic bacteria can
be either or both intrinsic or/and acquired. One
of the main functions of probiotics in prevention
or/and treatment gastrointestinal disorders in
humans and animals is to maintain or/and restore
the gut microflora after antibiotic treatment.
Therefore, intrinsic antibiotic resistance could be
useful. However, when the resistance determi-
nants are located on mobile genetic elements
or plasmids, it raises great concerns on public
health. Those resistant probiotics can spread re-
sistance genes to others in the gut microflora via
horizontal gen transfer, hence creating a reservoir
of resistance for potential food or gut pathogens
(Sharma et al., 2014). Therefore, in recognition
of the importance of assuring safety, determina-
tion of antibiotic resistance patterns of probiotic
strains should be carried out (FAO/WHO, 2002).
The results in this study did not find resistance to
the seven common antibiotics among Lactobacil-
lus isolates, and most Bacillus isolates were sus-
ceptible to the drugs except a number of isolates
showing intermediate resistance to tetracycline.
This would provide information for farm practice
in choosing products containing beneficial bac-

teria used together with antibiotics to maintain
or/and restore the gut microflora after antibiotic
treatment.

4. Conclusions

This was a small-scale study, which just looked
at the quantities of microbial groups announced
on the label, but not yet their benefits to animal
health and productivity. Nevertheless, the results
would provide some evidence for concerns about
quality control of products containing beneficial
microorganisms used for animals.
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ABSTRACT

The objective of the experiment was to evaluate effects of water
supplementation with a commercial supplement (VitalSea®) on
growth performance, mortality and serum concentrations of aspar-
tate aminotransferase (AST) and lactate dehydrogenase (LDH)
in broilers fed diets with aflatoxin (AF) contamination. A to-
tal of 960 day-old mixed-sex chicks (Ross 308, initial BW: 46.28
+ 0.25 g/chick) were randomly assigned to 1 of 4 treatments.
The treatments included (1) basal diet without AF contam-
ination and supplementation (negative control, NC), (2) AF-
contaminated diet without supplementation (positive control,
PC), (3) AF-contaminated diet + water supplementation with 0.5
mL VitalSea®/10 kg BW (VitalSea 1) and (4) AF-contaminated
diet + water supplementation with 1.0 mL VitalSea®/10 kg BW
(VitalSea 2). Each treatment was replicated with 8 pens of 30 birds
(50% male, 50% female) each. Contaminated diets containing 30
ng AF /kg were fed to birds for Phase 1 (d 1-21) only. Water sup-
plemented with VitalSea® was administered to birds for 5 days (d
22-26). In Phase 1 (d 1-21), there were no differences in ADG and
ADFT among treatments (P > 0.05). In Phase 2 (d 22-35), there
was a trend that the ADG of VitalSea 1 (68.66 g/d) and VitalSea
2 (68.56 g/d) was higher (P < 0.06) than that of the PC (62.61
g/d). Water supplemented with VitalSea® improved the FCR. of
broilers compared with the PC (P < 0.01). Over a 5-week study,
broilers of the PC had a worse FCR than those of the other treat-
ments (P < 0.01). At d 21, the serum LDH concentration of the
PC was higher than that of the NC (P = 0.026). Briefly, addition
of VitalSea® to drinking water for 5 days improved growth rate

Email: tung.cheminh@hcmuaf.edu.vn and feed efficiency of broilers fed AF-contaminated diets.

Cited as: Che, T. M., Le, H. T., Tran, V. Q., Le-Goff, M., & Luong, P. T. (2021). Efficacy of a
commercial supplement added to drinking water in broilers fed aflatoxin-contaminated diets. The
Journal of Agriculture and Development 20(3), 32-40.

1. Introduction

the world where conditions are favorable for the
growth of mold (Molina-Alvarado et al., 2017;

Aflatoxins (AF) are a group of mycotoxins
naturally produced as secondary metabolites by
the fungus Aspergillus and are potent hepatotox-
ins and carcinogens in the liver. Aflatoxins com-
monly contaminate a wide variety of feedstuffs,
especially in tropical and subtropical regions of

Nakavuma et al., 2020). Ditta et al. (2019) re-
ported that globally about 25% of agricultural
products were contaminated with AF and other
mycotoxins in the world, especially in Africa,
Asia and Latin America, resulting in decreased
food/feed values and thereby causing economic
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losses to farmers.

In chickens, it has been shown that the effects
of AF include liver damage, decreased feed in-
take and growth rate, poor feed utilization and
increased susceptibility to diseases. For instance,
Raju and Devegowda (2000) showed that the fi-
nal BW at 35 days of age in broilers fed a diet
with 300 pg AFB; /kg was reduced by 21%. Even
feeding a diet containing as low as 20 ng AFB; /kg
for 3 weeks decreased the weight gain of broil-
ers by 5% (Kana et al.,, 2010). Further, AF-
contaminated diets fed to broilers also resulted
in changes in serum levels of some biochemical
parameters associated with liver health and func-
tions (Yunus et al., 2011; Pizzolitto et al., 2013).
Malekinezhad et al. (2021) found that feeding
AF-contaminated diets increased the serum as-
partate aminotransferase (AST), lactate dehy-
drogenase (LDH) and alanine aminotransferase
(ALT).

There have been many chemical and bio-
logical techniques developed to detoxify AF-
contaminated grains and complete feeds, with
various effectiveness and ease of application.
Thus, there is a need for new supplements or syn-
ergistic combinations to more efficiently allevi-
ate the deleterious effects of AF and restore liver
health and productivity. It has been shown that
yeast extracts have the ability to reduce some
of the adverse effects of aflatoxicosis in broil-
ers and layers (Zaghini et al., 2005; Matur et
al., 2010; Azizpour & Moghadam, 2015). Some
plant extracts can also be used in poultry di-
ets to counteract the toxicity of AF (Fouad et
al., 2019). Recently, sulfated polysaccharides iso-
lated from marine algae have been of potential
interest because of their antioxidant, anticancer,
antidiabetic, antimicrobial and gastroprotective
effects (Manlusoc et al., 2019). In the present
study, we hypothesized that the combination of
marine sulfated polysaccharides (1\/ISPﬁ®pid)7 or-
ganic acids and yeast fractions could be an al-
ternative solution to mitigate the negative im-
pacts of AF on liver status and improve growth
performance of broilers after exposure to AF-
contaminated diets for 3 weeks. Therefore, the
objective of the experiment was to evaluate ef-
fects of water supplementation with a commercial
supplement (VitalSea®) on growth performance,
mortality and serum concentrations of AST and
LDH in broilers fed diets with a low level of AF
contamination.

2. Materials and Methods
2.1. Experimental design, animals and housing

The experiment was conducted using 960 day-
old mixed-sex chicks (Ross 308, initial BW:
46.28 £ 0.25 g/chick). The birds were ran-
domly assigned to 1 of 4 treatments in a com-
pletely randomized design. The treatments in-
cluded (1) basal diet without AF contamina-
tion and supplementation (negative control, NC),
(2) AF-contaminated diet without supplementa-
tion (positive control, PC), (3) AF-contaminated
diet 4+ water supplementation with 0.5 mL
VitalSea®/10 kg BW (VitalSea 1) and (4) AF-
contaminated diet + water supplementation with
1.0 mL VitalSea®/10 kg BW (VitalSea 2). The
birds were housed in floor pens in an open-sided
house and each pen measured 2.5 m length x 1.2
m width. Each treatment had 8 replicate pens
with 30 birds (50% male, 50% female) per pen.
The experiment lasted for 5 weeks. The AF chal-
lenge model of the experiment is presented in Ta-
ble 1.

2.2. Experimental diets and animal feeding

The experimental diets were formulated to
meet the nutritional requirements of broilers dur-
ing the experimental period (NRC, 1994). The
birds were fed a 2-Phase feeding program: Phase
1 (1-21 d old) and Phase 2 (22-35 d old). The in-
gredient composition of the experimental diet is
presented in Table 2. The AF-contaminated diets
were obtained by including corn which was natu-
rally contaminated with AF and its AF concen-
tration was predetermined before the start of the
experiment. Birds were fed the AF-contaminated
diets during Phase 1 only and a normal diet dur-
ing Phase 2. The analyzed AF concentration of
the contaminated diets was 30 ng/kg (Table 3).
The AF concentration of the non-contaminated
Phase 1 and Phase 2 diets was 2 ng/kg and is pre-
sented in Table 3. Diets were in mash form and
contained no antibiotics and mycotoxin binders.
All birds had free access to water and feed at all
times.

2.2.1. Feed sample and aflatoxin analyses
Feed samples were ground to pass through a 1-

mm screen before analysis and analyzed accord-
ing to the standard methods. Diet samples were
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Table 1. The aflatoxin challenge model of the experiment

Treatments

Age
Negative control

Positive VitalSea 1

VitalSea 2
control

Non-aflatoxin
contaminated diet

Phase 1 (d 1-21)
Challenging period

Basal diet 2

Aflatoxin-contaminated diet

Basal diet 2 +
VitalSea® (0.5

Basal diet 2 +

Basal diet 2 VitalSea® (1.0

Phase 2 (d 22-35 . . without mL/10 kg BW  mL/10 kg BW

( : without VitalSea® VitalSea® dur{ng 5 days, dur{ng 5 days,

d 22-26) d 22-26)
Table 2. Ingredient composition of the experimental diets (as-fed basis)
. Days of age

Ingredients, % T 21 (Phase 1) 9235 (Phase 2)
Corn, ground’ 58.23 60.12
Soybean meal, 46% 35.60 33.50
Soybean oil 2.10 2.70
DL-Methionine, 99% 0.14 0.09
Lysine, 78.8% 0.20 0.08
Salt 0.30 0.30
Limestone 1.80 1.66
MCP (15, 23) 1.28 1.20
Vitamin and mineral premix?3 0.25 0.25
Pigment 0.10 0.10

!Phase 1: Normal corn or aflatoxin (AF)-contaminated corn;

Phase 2: normal corn only.

2Supplied per kg of feed (Phase 1): vitamin A (12000 IU), vitamin D3 (3500 IU), vitamin E (35 mg), vitamin K (4 mg), vita-
min Bl (4 mg), vitamin B2 (7 mg), niacin (60 mg), vitamin B5 (17.5 mg), vitamin B6 (4 mg), vitamin B12 (15 pg), folic acid
1.3 mg), vitamin H (175 pg), Fe (60 mg), Cu (15 mg), Zn (80 mg), Mn (100 mg), I (1.5 mg), Se (0.25 mg), Co (0.3 mg).
Supplied per kg of feed (Phase 2): vitamin A (10000 IU), vitamin D3 (3000 IU), vitamin E (25 mg), vitamin K (3.13 mg), vita-
min B1 (3.13 mg), vitamin B2 (5 mg), niacin (44 mg), vitamin B5 (12.5 mg), vitamin B6 (3.13 mg), vitamin B12 (11 png), folic
acid (1.0 mg), vitamin H (125 pg), Fe (60 mg), Cu (15 mg), Zn (70 mg), Mn (90 mg), I (1.5 mg), Se (0.25 mg), Co (0.3 mg).

analyzed for DM (EC 152/2009), CP (AOAC
2001.11), crude fat (TCVN 4331:2001), crude
fiber (AOCS Ba-6a-05), ash (EC 152/2009), Ca
(GE297-ICP MS) and P (GE297-ICP MS). The
nutrient analyses were performed by Upscience
Vietnam in Binh Duong province, Vietnam. The
aflatoxin concentrations of contaminated corn
and feed samples were determined by LC/MS-
MS method (Labocea, Britany, France). The ana-
lyzed nutrient composition and AF concentration
of the experimental diets is presented in Table 3.

2.2.2. VitalSea® administration

Drinking water supplemented with VitalSea®
was administered to birds for 5 consecutive days
(d 22 to d 26) after 21-d exposure to AF-
contaminated diets. The VitalSea® was added to
drinking water at 0.5 mL of VitalSea® per 10

kg of BW in the VitalSea 1 treatment and at 1.0
mL of VitalSea® per 10 kg of BW in the VitalSea
2 treatment. The VitalSea® contained MSP??pid7
yeast fractions and a blend of organic acids. This
product was provided by Olmix Asialand Co. Ltd,

Binh Duong province, Vietnam.

2.2.3. Assessment of growth performance,
flock uniformity and mortality rate

The initial BW of chicks in each pen was
recorded at the beginning of the experiment. Sub-
sequent measurements of the bird weights and
feed intake were determined at 21 and 35 days of
age. The ADG, ADFI and FCR were calculated
on a per-pen basis. Day old chicks were weighed
individually and subsequently at 21 and 35 days
of age for measurement of flock uniformity. The
flock uniformity was calculated as the percent of
the flock that was within 4+ 10% of the mean BW.
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Table 3. Analyzed nutrient composition and aflatoxin concentration of the experimental diets (as-fed basis)1

Phase 1

Ttems Negative control Positive control Phase 2
ME, kcal /kg? 3000 3000 3050
DM, % 88.45 89.09 88.39
Crude protein, % 23.59 22.40 22.02
Crude fat, % 3.89 3.95 4.57
Crude fiber, % 2.66 2.35 2.42
Ash, % 5.94 5.88 5.69
Ca, % 1.01 0.99 0.88
Total phosphorus, % 0.62 0.60 0.61
Aflatoxin, ng/kg3 2.00 30.00 2.00

LThe analysis was performed by Upscience Vietnam in Binh Duong province, Vietnam.

?Calculated.
‘3Analyzed by Labocea laboratory (Britany, France).

Table 4. Effects of water supplementation with VitalSea® on live body weight of broilers (g/bird) fed

aflatoxin-contaminated diets

Treatments’

Age, d NC PC VitalSea 1 VitalSea 2 SEM P
1 46.19 46.20 46.36 46.39 0.088 0.278
21 767.28 765.46 774.87 795.85 9.843 0.136
35 1675.392P 1636.53P 1726.322P 1754.94? 29.487 0.039

18 replicate pens/treatment and 30 birds/pen; NC: negative control; PC: positive control; VitalSea 1: 0.5 mL of VitalSea®
per 10 kg of live BW; VitalSea 2: 1.0 mL of VitalSea® per 10 kg of live BW; VitalSea® was administered to broilers from d

22-26.

2-PWithin a row, means without a common superscript differ (P < 0.05).

The number of dead or removed birds from each
pen was recorded daily to calculate the mortality
rate.

2.2.4. Blood collection and measurements of
serum AST and LDH

Two male birds per pen were randomly selected
for collection of blood samples from a wing vein
at 21 days of age and subsequent blood samples
were taken from the same birds at 26 and 35 days
of age. Two milliliters of blood from each bird
were collected into a tube containing no antico-
agulant. The blood was allowed to clot at room
temperature and stored at 4°C before separation
of serum by centrifugation (3000 x g for 10 min
at room temperature). Serum concentrations of
AST and LDH were measured by specific com-
mercial kits (AFG Bioscience, IL, USA) using an
autoanalyzer (Biotek, Vermont, USA).

2.2.5. Statistical analysis

Data were analyzed as a completely random-
ized design by ANOVA using the GLM proce-

dure (SAS Inst. Inc., Cary, NC). The pen was
considered the experimental unit for live BW,
ADFI, ADG and FCR, whereas one bird was con-
sidered the experimental unit for the other pa-
rameters. When a significant F value for treat-
ment means was observed in the analysis of vari-
ance, the treatment means were compared us-
ing Tukey’s test. To test the effect of AF con-
tamination on the mortality of broilers during
the AF exposure period (Phase 1), the mortal-
ity data were pooled from the 3 treatments with
AF-contaminated diet. The flock uniformity and
mortality rate among the treatments was com-
pared by the Chi-square test. Treatment effects
were considered significant at P < 0.05, whereas
a trend for a treatment effect was noted when P
< 0.1.

3. Results
3.1. Growth performance
No differences in the BW of broilers were found

at 1 and 21 days of age among treatments (P
> 0.05; Table 4). At d 35, the BW of birds in
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Table 5. Effects of water supplementation with VitalSea® on growth performance of broilers (g/bird) fed

aflatoxin-contaminated diets

Treatments!
Age, d NC PC VitalSea 1  VitalSea 2 SEM P
D 1-21
ADFIL, g 46.44 46.73 47.89 47.76 0.554 0.182
ADG, g 33.99 33.87 34.15 34.71 0.449 0.572
FCR 1.367 1.380 1.402 1.376 0.009 0.060
D 22-35
ADFIL g 120.57 121.41 121.75 126.33 2.122 0.238
ADG, g 64.92 62.61 68.66 68.56 1.584 0.029
FCR 1.8602P 1.943b 1.776* 1.8452 0.025 0.001
D 1-35
ADFI, g 73.52 74.19 74.90 75.75 0.889 0.345
ADG, g 45.29 44.43 46.77 46.76 0.665 0.047
FCR 1.624* 1.670P 1.6022 1.620* 0.011 0.001

18 replicate pens/treatment and 30 birds/pen; NC: negative control; PC: positive control; VitalSea 1: 0.5 mL of VitalSea® per
10 kg of live BW; VitalSea 2: 1.0 mL of VitalSea® per 10 kg of live BW; VitalSea® was administered to broilers from d 22-26.
abWithin a row, means without a common superscript differ (P < 0.05).

the VitalSea 2 group (1754.94 g/bird) was higher
(P < 0.05) than that of birds in the PC group
(1636.53 g/bird). There were no differences in
ADFT among treatments at any Phases or for the
overall period (P > 0.05; Table 5).

In Phase 1, no differences in ADG were found
among treatments (P = 0.572, Table 5). Broilers
of the VitalSea 1 group tended to have a higher
FCR than that of the NC group (P < 0.06). In
Phase 2, water supplementation with VitalSea®
tended to increase the ADG of broilers compared
with the PC group (P < 0.06). The VitalSea 1
and VitalSea 2 groups also had a better FCR than
the PC group (P < 0.01). For the overall period,
the ADG of broilers consuming water with Vi-
talSea 1 (46.77 g/d) and VitalSea 2 (46.76 g/d)
tended to be higher (P < 0.09) than that of broil-
ers in the PC group (44.43 g/d). In addition, the
FCR of the PC group (1.670) was higher than
that of the NC (1.624), VitalSea 1 (1.602) and
VitalSea 2 (1.620) groups (P < 0.01).

3.2. Flock uniformity and mortality rate

There were no differences in the flock unifor-
mity of broilers among treatments at d 1 and d 21
(P > 0.05; Figure 1). At d 35, no differences were
found for the flock uniformity of broilers among
treatments (P > 0.05), although the flock unifor-
mity of broilers in the VitalSea 1 group (61.9%)
was numerically higher than that of broilers in the
NC (58.6%), PC (54.5%) and VitalSea 2 (56.4%)

groups. As shown in Figure 2A, the mortality rate
of the NC group (2.5%) was lower (P < 0.05)
than the average mortality rate of the 3 AF-
contaminated groups (5.7%) during d 1-21 (pe-
riod of AF exposure). No differences (P > 0.05)
in the mortality rate were observed among treat-
ments during d 22-35 (Figure 2B).

3.3. Serum concentrations of AST and LDH

At 21 days of age, there were no differences
in the serum concentration of AST among treat-
ments (P = 0.118; Table 6). However, the serum
LDH concentration of broilers in the PC group
(2214.4 U/L) was higher (P = 0.026) than that
of broilers in the NC group (2078.1 U/L), but
was not different from that of broilers in the Vi-
talSea 1 (2122.0 U/L) and VitalSea 2 (2144.7
U/L) groups (P > 0.05). At 26 and 35 days of
age, no differences in the serum concentrations of
AST and LDH were found among treatments (P
> 0.05).

4. Discussion

Aflatoxins are a common contaminant of poul-
try feeds in the tropical and subtropical areas.
For example, Shareef (2010) found that AF was a
major mycotoxin group (91.1%) with an average
concentration of 179.1 ng/kg in different poul-
try feed samples collected in Pakistan. In Viet-
nam, a 5-year survey (from 2012-2017) showed
that the total AF incidence and total AF mean
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Figure 1. Effects of water supplementation with VitalSea® on the flock uniformity of broilers fed aflatoxin-
contaminated diets (P > 0.05). NC: negative control; PC: positive control; VitalSea 1: 0.5 mL of VitalSea®
per 10 kg of live BW; VitalSea 2: 1.0 mL of VitalSea® per 10 kg of live BW; VitalSea® was administered to
broilers from d 22-26; There were 240 birds/treatment.
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Figure 2. Effects of water supplementation with VitalSea® on the mortality rate of broilers fed aflatoxin-
contaminated diets. (A) AF exposure period: NC (non-AF contaminated diet) vs. 3 AF-contaminated diets
(PC, VitalSea 1, VitalSea 2). (B): NC: negative control; PC: positive control; VitalSea 1: 0.5 mL of VitalSea®
per 10 kg of live BW; VitalSea 2: 1.0 mL of VitalSea® per 10 kg of live BW; VitalSea® was administered to
broilers from d 22-26. There were 240 birds/treatment. *®Means with different superscript letters differ (P
< 0.05).

Table 6. Serum concentration of aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) of
broilers fed aflatoxin-contaminated diets with and without water supplementation of VitalSea®

Treatments!

Age, d NC PC VitalSea 1  VitalSea 2 SEM P
D 21

AST, U/L 280.8 232.9 277.4 318.9 28.648 0.118

LDH, U/L  2078.1° 2214.42 2122.02b 2144.72b 32.712 0.026
D 26

AST, U/L 208.9 194.4 195.8 216.7 7.876 0.150

LDH, U/L 909.1 991.9 946.4 1012.5 39.007 0.240
D 35

AST, U/L 270.8 266.8 256.6 270.7 21.397 0.963

LDH, U/L 828.5 972.0 899.0 1035.2 93.382 0.394

116 birds/treatment; NC: negative control; PC: positive control; VitalSea 1: 0.5 mL of VitalSea® per 10 kg of live BW; Vi-
talSea 2: 1.0 mL of VitalSea® per 10 kg of live BW; VitalSea® was administered to broilers from d 22-26.
a-bWithin a row, means without a common superscript differ (P < 0.05).

concentration of corn samples were 27% and 2017). Aflatoxins are of major importance be-
16 pg/kg, respectively (Molina-Alvarado et al., cause of their toxicity. Feeding AF-contaminated
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feedstuffs to animals impaired feed intake, feed ef-
ficiency and/or animal health (Dersjant-Li et al.,
2003; Magnoli et al., 2011; Yunus et al., 2011).
According to Rawal et al. (2010), AF contamina-
tion is practically unavoidable universally. There-
fore, the combination of different bioactive ingre-
dients that can not only reduce the toxic effects
of AF but also enhance liver functions and gut
health could be a promising strategy to improve
the overall health and performance of animals.

Our study showed that feeding a diet con-
taining 30 ng AF/kg can result in negative ef-
fects on health and feed efficiency of young broil-
ers. As shown in Figure 2A, broilers fed AF-
contaminated diets had a higher mortality rate
than those fed the NC diet during the AF ex-
posure period. Furthermore, consuming the AF-
contaminated diets for 21 days post-hatching also
reduced the overall feed efficiency of broilers com-
pared with the NC and VitalSea® groups (Ta-
ble 5). According to Richard (2007) and Denli
et al. (2009), AF toxicity is affected by differ-
ent factors including AF level, duration of di-
etary exposure, species, sex, breed and age of an-
imals. For instance, the autopsy of dead birds in
our study revealed that 78% of dead birds fed
the AF-contaminated diets showed paleness and
yellow discoloration of the liver. It was also ob-
served that the birds with yellowish colored liver
died mainly during d 1-11 (68.8%) as compared
with d 12-21 (31.2%). Young animals are often
more susceptible to AF than older ones due to
the lack of well-developed hepatic enzymatic sys-
tems required to detoxify mycotoxins (Kerman-
shahi, 2007; Ditta et al., 2019). Besides, the re-
sults of our study agree with those of previous
studies. Yang et al. (2012) showed that diets
contaminated with 36.9 ng AFB;/kg decreased
the weight gain, feed consumption and duode-
nal villus height of broilers during 1-21 days of
age. It was also reported that diets containing
20 and 22 pg AFB; /kg reduced the apparent di-
gestibility of ducks and growth performance of
broilers, respectively (Han et al., 2008; Sami-
nathan et al., 2018). Additionally, although AF-
contaminated diet did not affect the serum AST,
it did increase the serum concentration of LDH
at d 21 (Table 6). This implies that consuming
the AF-contaminated diet, to a certain extent,
might have caused liver malfunction and/or dam-
age leading to the release of LDH into the blood-
stream. Liver lesions such as fat vacuoles and hep-
atocellular necrosis with perilobular location were

observed in broilers fed a diet containing 50 pg
AFB; /kg (Magnoli et al., 2011). Valchev et al.
(2014) reported that AF not only caused liver le-
sions but also increased the serum level of LDH.
Generally, diets contaminated with AF increased
the FCR, mortality rate and serum LDH concen-
tration of broilers.

In the present study, addition of VitalSea® to
the drinking water for 5 consecutive days imme-
diately after 21 days of AF exposure improved
the final BW, growth rate and feed efficiency of
broilers for both Phase 2 and the overall period
(Table 5). This improvement may be associated
with the bioactive components combined in the
VitalSea®, such as MSP%M, yeast fractions and
a blend of organic acids. Aflatoxins are known to
alter the synthesis, absorption and transport of
lipids to extra-hepatic tissues. Their metabolites
can significantly increase the hepatic lipid perox-
ide level which negatively affects cellular mem-
brane integrity leading to cell damage. For in-
stance, Liu et al. (2018) showed that feeding 40
ng AFB;/kg to broilers decreased the ADG and
FCR, and increased the intestinal lesions. It has
been shown that the use of MSP can improve not
only lipid metabolism but also antioxidant capac-
ity in animals (Manlusoc et al., 2019). Bussy et
al. (2020) reported that DigestSea®, a product
containing MSPf?pi 4> improved liver function and
laying performance of turkey breeders. In addi-
tion, the combination of MSP® and organic acids
was also found to improve the FCR of broilers
during the finishing period (Che et al., 2019). In
recent years, yeast extracts have been of poten-
tial interest due to their AF detoxification ability
and positive effects on gut health. Matur et al.
(2010) showed that dietary supplementation of S.
cerevisiae extract reduced the toxic effects of AF
on pancreatic lipase and chymotrypsin activity in
laying breeder hens. Also, it was suggested that
yeast cell wall could partially protect the growth
performance and intestinal health of broilers con-
currently challenged with AF and necrotic en-
teritis (Liu et al., 2018). Briefly, VitalSea® with
a combination of different bioactive compounds
showed its effectiveness in ameliorating the pro-
ductivity of broilers after 3-week exposure to AF.

5. Conclusions
Feeding AF-contaminated diets negatively af-

fected the productivity and health of broilers not
only during the AF exposure but also in the
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subsequent period. Water supplementation with
VitalSea® can help restore the performance of
broilers after AF exposure. As contamination of
poultry feeds with AF is quite common in the
tropical countries and other parts of the world,
the addition of VitalSea® to drinking water could
be a useful tool in supporting the liver health and
growth performance of broilers.
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ARTICLE INFO ABSTRACT

Research Paper Dendrobium anosmum Lindl. var. semialba has variants of

flower shapes. Currently, it has high economic value and is
favored on the market. In this study, the genetic relation-
ship of Dendrobium anosmum Lindl. var. semialba species
was determined based on the analysis of chloroplast matK,
rbcL gene sequences. The matK and rbcL genes of twelve
species were amplified and their DNA sequenced. These
DNA sequences were compared, calculated genetic distance
and constructed phylogenetic tree. The results showed that
100% of samples were amplified and sequenced successfully.
The analysis of matK sequences showed that 12 species had
very high genetic similarity with the low genetic distance of
0 - 0.001; the nucleotide sequences were almost unchanged
except for one variable nucleotide position in TB1 and TB1
was in a separate branch of the phylogenetic tree. The anal-
ysis of rbcL sequences showed that all species had a low
genetic distance of 0 - 0.012 and had 7 mutant positions in
nucleotide sequences of TB1 and TB5. These species were
in a separate branch of the phylogenetic tree while the other
species were grouped in the other branch of the phylogenetic
tree. The study provided a reliable molecular database of
the Dendrobium anosmum Lindl. var. semialba for identifi-
cation, classification, biodiversity assessment and conserva-
tion of genetic resources.
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1. Introduction try (Hazlina et al., 2013; Xu et al., 2013; Tran et

al., 2018). Dendrobium anosmum Lindl. is widely

The orchid family (Orchidaceae) is one of the
largest families of flowering plants in the world.
There are 20,000 species in 850 genera in this fam-
ily. Dendrobium, one of the largest genera in Or-
chidaceae, having more than 1,100 species iden-
tified, distributed in many parts of the world.
Southeast Asia can be considered as the home-
land of Dendrobium with hundreds of species, es-
pecially there are more than 100 species in Viet-
nam, widely distributed in all regions of the coun-

grown and has high economic value because of the
thick leaves, arranging in 2 rows along the body
and the beautiful flowers (Cao, 2018). In particu-
lar, the rare native Dendrobium anosmum Lindl.
var. semialba, being from the natural forests of
the Di Linh plateau Lam Dong province, have
been cultivated domestically. It is very popular
in the market today thanks to its characteristic
aroma and unique variation of the flower.

Characteristically, Dendrobium species have a
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wide geographical distribution and ability to pro-
duce a large number of hybrids with different
morphologies. The high morphological diversity
is one of the difficulties in taxonomy, especially
the taxonomy based on morphology. The taxon-
omy of species is complex also because of the large
distribution region (Xiaohua et al., 2009). Besides
comparative vegetative anatomy and plant sys-
tematics, genetics has been used as a powerful
tool for taxonomy and studying genetic relation-
ships among Dendrobium species (Hazlina et al.,
2013; Moudi et al., 2013a). Accurate genetic re-
lationship information has been essential for the
conservation of genetic resources, identification of
plant varieties, selection of parents for propaga-
tion (Hazlina et al., 2013; Tran et al., 2018).

Currently, molecular techniques are widely
used in the genetic analysis of orchids. The
common molecular data used in plant system-
atics come from two sources: chloroplast DNA
(cpDNA) and nuclear ribosomal DNA (nrDNA).
Chloroplast DNA has been the most extensively
used source of data in plant phylogenetic anal-
ysis. In particular, matK and rbcL are chloro-
plast genes having high effectiveness in genetic
correlation analysis (Hollingsworth, et al., 2009;
Moudi et al., 2013b; An et al., 2019). These mak-
ers have been successfully applied in many stud-
ies about genetic relationships and taxonomy of
rice, Apocynaceae, Acacia, Orchidaceae, Arali-
aceae, etc. (Cabelin & Alejandro, 2016; Jin et al.,
2017; Ismail et al., 2020).

This study aimed to determine the genetic re-
lationship among twelve species of the rare native
Dendrobium anosmum Lindl. var. semialba based
on the data of matK and rbcL DNA barcoding
markers, which supports selective breeding and
conservation of genetic resources.

2. Materials and Methods
2.1. Plant materials

Leaves of twelve Dendrobium anosmum Lindl.
var. semialba species were collected from Son
Dien village and Tam Bo village, Di Linh district,
Lam Dong province, Vietnam, which were listed
in the Table 1. There was a negative control sam-
ple (SD1) having a normal flower and a positive
control sample (SD2) having a variant flower.

2.2. Isolation of DNA, amplification, and se-
quencing

Genomic DNA was extracted from 50 mg of
fresh leaf explant by ISOLATE II Plant DNA
kit (Bioline, UK). The isolated DNA was stored
at - 20°C. The primer sets used for ampli-
fication of matK and rbcL gene were matK-
390F (50 - eCGATCTATTCATTCAATATTTC
- 30) and matK-1326R (50 - TCTAGCACAC-
GAAAGTCGAAGT - 30) for matK, rbcL-aF
(50 - ATGTCACCACAAACAGAGACTAAAGC
- 30) and rbcL - ajf634R (50 - GAAACG-
GTCTCTCCAACG CAT - 30) for rbcL. A PCR
reaction mixture of 50 pL comprised as follows: 2
1L of template DNA (200 ng), 1 pL of both for-
ward and reverse primers (20 nM), 25 nL. MyTaq
Mix (2X) and the rest was added with deionized
distilled water. PCR cycling conditions involved
initial denaturation at 95°C for 1 min; followed by
35 cycles of denaturation at 95°C for 30 sec, an-
nealing at 45°C (matK) or 55°C (rbcL) for 15 sec,
and extension at 72°C for 10 sec. After 35 cycles,
the PCR reaction products were held at 4°C. The
PCR products were examined by electrophoresis
on 1.5% agarose gel. Red gel dye was used to de-
tect DNA lines under UV light. The band size of
amplified products was determined by using a 100
bp ladder. The PCR products of matK and rbcL
genes were purified. After that, the nucleotide se-
quences of the purified DNA were determined by
Sanger sequencing ABI Genetic Analyzers 3730
XL (1st Base, Singapore).

2.3. DNA sequence data analysis

The matK, rbcL nucleotide sequences from the
sequencing results of twelve Dendrobium anos-
mum Lindl. var. semialba species and the matK,
rbcL nucleotide sequences of one species Dendro-
bium anosmum in the Genbank database were cut
to the same size and were analyzed by Molecular
Evolutionary Genetics Analysis version 7.0 (Ku-
mar et al., 2016). The nucleotide sequences were
aligned with ClustalW. The genetic distance was
computed by Jukes-Cantor method. The Maxi-
mum Likelihood (ML) was used for the construc-
tion of phylogenetic trees. 1000 bootstrap repli-
cates were executed to estimate the robustness of
the ML trees (Thompson et al., 2002; [jaz et al.,
2019).
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Table 1. Plant materials of species examined in this study

Sample ID  Species Flower shape Collection site
SD1 Dendrobium anosmum  Lindl. Normal Son Dien commune, Di Linh dis-
(negative control) trict, Lam Dong province, Viet-
nam
SD2 Dendrobium anosmum Lindl.var. Variant Son Dien commune, Di Linh
semialba (positive control) district, Lam Dong province,
Vietnam (received from M.M
Gryshko  Botanical  Garden,
Ukraine)
TB1 Dendrobium anosmum Lindl.var. Variant Tam Bo commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
SD3 Dendrobium anosmum Lindl.var. Variant Son Dien commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
TB2 Dendrobium anosmum Lindl.var. Variant Tam Bo commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
SD4 Dendrobium anosmum Lindl.var. Variant Son Dien commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
TB3 Dendrobium anosmum Lindl.var. Variant Tam Bo commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
TB4 Dendrobium anosmum Lindl.var. Variant Tam Bo commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
SD5 Dendrobium anosmum Lindl.var. Variant Son Dien commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
TB5 Dendrobium anosmum Lindl.var. Variant Tam Bo commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
SD6 Dendrobium anosmum Lindl.var. Variant Son Dien commune, Di Linh dis-
semialba trict, Lam Dong province, Viet-
nam
TB6 Dendrobium anosmum Lindl.var. Variant Tam Bo commune, Di Linh dis-

semialba

trict, Lam Dong province, Viet-
nam

3. Results and Discussion
3.1. PCR amplification

The amplification success rate of the matK
gene from twelve species of Dendrobium anos-
mum Lindl. var. semialba was 100% (Figure 1).
The length of the matK sequences from amplifi-
cation using a pair of primer matK - 390F and
matK - 1326R was 936 bp. This result was sim-
ilar to the study of other authors in the matK

gene amplification (Wattoo et al., 2016). This re-
sult proved that the pair of primer matK - 390F
and matK - 1326R at 45°C annealing temper-
atures, PCR reaction components, and thermal
cycle were suitable for matK gene amplification
in the present study.

The rbcL gene of all samples successfully am-
plified by the pair of primer rbcL - aF and rbcL
- ajf634R at the annealing temperature of 55°C.
The length of the rbcL sequences was 654 bp. It
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Figure 1. Electrophoresis of matK gene PCR products of twelve Dendrobium anosmum Lindl. var. semialba
species. M is a 100 bp ladder, the number above each lane from 1 to 12 in turn are SD1, SD2, TB1, SD3,

TB2, SD4, TB3, TB4, SD5, TB5, SD6, TB6 species).

Figure 2. Electrophoresis of rbcL gene PCR products of twelve Dendrobium anosmum Lindl. var. Semialba
species. M is a 100 bp ladder, the number above each lane from 1 to 12 in turn are SD1, SD2, TB1, SD3,

TB2, SD4, TB3, TB4, SD5, TB5, SD6, TB6 species).

was expressed as a single line being dark bright
on agarose gel (Figure 2). This proved that the
PCR products had high quality for sequencing.
This result was similar to the result in the study
of Steven & Subramanyam (2009).

3.2. Genetic relationship analysis

The length of the matK sequences eliminated
low-quality ends was 750 bp. The matK se-
quence was proved to be useful for Dendro-
bium species identification and reconstructing
phylogeny (Asahina et al., 2010; Chattopadhyay
et al., 2017). Among the chloroplast genes, matK
is one of the most rapidly evolving genes. It has

a length of about 1550 bp and encodes the en-
zyme maturase which is involved in the splic-
ing of type - II introns from RNA transcripts.
The rate of matK evolution was found suit-
able for resolving intergeneric as well as inter-
species relationships in many angiosperms (Vi-
jayan & Tsou, 2010). The results of aligning the
matK sequences showed that there was only one
varied nucleotide position, accounting for 0.13%
matK sequences were analyzed (Table 2). It was
a replacement of Thymine with Guanine at nu-
cleotide positions 686 of TB1 species. The nu-
cleotide sequences of the others were completely
similar. Research by Asahina et al. (2010) also
showed that individuals of the same species D.
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Table 2. Nucleotide sequences variation in matK, rbcL gene of twelve species of Dendrobium
anosmum Lindl. var. semialba and Dendrobium anosmum in the NCBI database (DA)

Position!
Species matK rbeL
686 281 297 369 370 422 441 469
SD1 T C T T A G T A
SD2 T C T T A G T A
SD3 T C T T A G T A
SD4 T C T T A G T A
SD5 T C T T A G T A
SD6 T C T T A G T A
TB1 G A G T A T C C
TB2 T C T T A G T A
TB3 T C T T A G T A
TB4 T C T T A G T A
TB5 T A G C C T C C
TB6 T C T T A G T A
DA T C T T A G T A
! Variable nucleotide positions are indicated at the top.
=D
=sD2
sS0DE
=Da
sShs
100 | sos
TEZ2
TE3
TBE4
TBES
TEGE
DA
TE1

0000 D0

Figure 3. Phylogenetic tree constructed using matK sequences of twelve species of Dendrobium anosmum
Lindl. var. semialba in this present study and one species of Dendrobium anosmum in the NCBI database
(DA). Bootstrap values (%) are shown on each branch. The indicated scale represents 0.0001 nucleotide

substitution per site.

moniliforme (Linn.) Swartz, D. pulchellum Rox-
burgh ex Lindley, D. tosaense Makino had no
variation in the matK nucleotide sequence. How-
ever, there was a higher variability in matK se-
quences among Dendrobium species with up to
24 distinct nucleotide positions. The genetic dis-
tances between 13 species calculated using matK
sequences were extremely low from 0 to 0.001
(Table 3). This result proved that the genetic
relationship among Dendrobium anosmum Lindl.

var. semialba species having variant flower, con-
trol species and standard species on Genbank was
very close.

Data from matK sequence analysis were used
to construct the phylogenetic tree. SD1 species
having a normal flower, SD2, SD3, TB2, SD4,
TB3, TB4, SD5, TB5, SD6, TB6 species having
variant flower and a standard species (DA) from
Genbank were gathered together with a 100%
bootstrap supporting rate in the phylogenetic
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Figure 4. Phylogenetic tree constructed using rbcL sequences of twelve species of Dendrobium anosmum
Lindl. var. semialba in this present study and one species of Dendrobium anosmum in the NCBI database
(DA). Bootstrap values (%) are shown on each branch. The indicated scale represents 0.001 nucleotide

substitution per site.

tree constructed using matK sequences, while
only TB1 species was on a separate clade of the
phylogenetic tree with a 100% bootstrap support-
ing rate (Figure 3). By contrast, another study
demonstrated that 27 distinct species belonging
to the same genus Dendrobium were grouped into
many clades in the phylogenetic trees constructed
based on matK data with a high bootstrap rate
(Srikulnath et al., 2015). Therefore, the branch-
ing level of the phylogenetic tree constructed us-
ing matK sequences belonging to different species
of genus Dendrobium is probably higher than that
belonging to similar species of this genus.

After removing low-quality ends of ampli-
fied products of rbcL gene, the rbcL sequences
were used to analyze have a length of 582
bp. rbecL chloroplast gene encoding ribulose-1,5-
bisphosphate carboxylase/oxygenase large sub-
unit is the most commonly sequenced gene for
phylogenetic studies of plants, especially the
species of Orchidaceae family (Moudi et al,
2013b). The rbeL region from thirteen species
Dendrobium anosmum Lindl. var. semialba were
aligned in Table 2. The number of variable sites
was seven sites in rbcL sequences of TB1 and
TB5 and the variation rates were very low. TB1
has five single-nucleotide substitution sites, ac-
counting for 0.86% rbcL sequences were analyzed.
These sites were as follows: 281 (replacement
of Cytosine with Adenine), 297 (replacement of
Thymine with Guanine), 422 (replacement of
Guanine with Thymine), 411 (replacement of

Thymine with Cytosine), 469 (replacement of
Adenine with Cytosine). TB5 has the most single-
nucleotide substitution sites with seven sites, ac-
counting for 1.2% rbcL sequences were analyzed.
In addition to variable sites such as TB1, TB5
had two other variable sites were 369 (replace-
ment of Thymine with Cytosine) and 370 (re-
placement of Adenine with Cytosine). Similar
results between Dendrobium species as well as
between individuals of the same species were
demonstrated in the study of Asahina et al.
(2010). Zhu et al. (2018) suggested that rbcL
is unable to distinguish D. officinale from five
closely related species of it. The rbcL gene has
high conservation at the family level. Taxodiaceae
(redwood) family had only minor sequence differ-
ences in their cp rbcL genes compared to species
in the Cupressaceae (Chattopadhyay et al., 2017).

Nucleotide change plays an important role in
determining genetic distance and phylogenetic
origin. The rbcL sequences analysis showed that
the genetic distances among thirteen species were
low from 0 to 0.012 (Table 4). These results in-
dicated that thirteen species in this study were
closely related. From the phylogenetic trees re-
constructed based on the rbcL, thirteen species
were divided into two branches. SD1, SD2, SD3,
TB2, SD4, TB3, TB4, SD5, SD6, TB6 and a
species from Genbank were located in a branch;
while TB1 and TB5 were located in the other
branch of phylogenetic tree with a bootstrap
value of 100% (Figure 4).

The Journal of Agriculture and Development 20(3)

www.jad.hcmuaf.edu.vn


http://jad.hcmuaf.edu.vn

47

Nong Lam University, Ho Chi Minh City

000°0 ¢T10°0 0000 0000 0000 6000 0000 0000 00000 0000 0000 0000 va
¢10°0  000°0 0000 0000 6000 00000 0000 0000 0000 0000 0000 9d.L

¢10’0  ¢10'0 <100 €000 <100 ¢I00 ¢Io0 ¢ro’o ¢roo ¢roo qdL

000°0 000°0 6000 0000 0000 0000 0000 0000 0000 ydL

000°0 6000 0000 0000 000°0 0000 0000 0000 €dL

600°0 0000 00070 0000 0000 0000 0000 ¢dL

600°0 6000 6000 6000 6000 6000 TdL

000°0 000°0 0000 0000 0000 9ds

000°0 000°0 0000 0000 ads

0000 0000 0000 vas

0000 00070 €ds

000°0 ¢ds

1ds

VA 941 SdL ¥l €4l ¢dl T4l 9dS  SdS  vdS €dS  7dS  IdS  semadg

seouenbas 704 oY) uo paseq (y() oseqriRp [FON oY} Ul WNWSOoUu® WNIqOIPUs( JO soroads auo
pue Apnjs jussaid SIY) UI ©q[EIWSS “TeA "[PUIT WRWSOUD WNIQOLPUI(T JO So10ads aAJom) SUOUTE S9OURISIP J119USY) *f d[qe],

000°0 000°0 0000 00070 0000 TOO0O 0000 0000 0000 0000 0000 0000 va
000'0 0000 0000 0000 TOO°0 0000 0000 0000 0000 0000 0000 9d.L

000°0 0000 0000 TOO'O 0000 0000 0000 0000 0000 0000 qdL

000°0 0000 TOO'0C 0000 0000 0000 0000 0000 0000 7dL

000°0  TOO'0 0000 000°0 000°0 000°0 0000 0000 €dL

100°0  000°0 000°0 0000 0000 0000 0000 ¢dL

1000 T00°0  TOO'0 TOOO TOOO TOOO 1dL

000°0 0000 0000 0000 0000 9ds

000°0  000°0 0000 0000 ads

000°0 0000 000°0 vas

0000 00070 €ds

000°0 ¢ds

1ds

Vd 941 ¢l ¥4l €dl  ¢dl IdL 9dS ¢dS ¥AS €dS ¢dS  IdS  semwedg

seouenbas 7w o1} w0 poaseq (Y () oseqeiep [gON oY) Ul WNWSOUD WNIQoLpua(] Jo so1ads auo
pue Apnjs juesald SIY) UI BQ[RIWSS "TeA [PUI WNWSOUD WNIQOLPUI(T JO so10ads aAom) SUOUIR SeOUR)SIP OIoULY) ¢ I[qe],

The Journal of Agriculture and Development 20(3)

www.jad.hcmuaf.edu.vn


http://jad.hcmuaf.edu.vn

48

Nong Lam University, Ho Chi Minh City

4. Conclusions

In summary, this study demonstrated that
the matK and rbcL region sequence analyses
were simple, quick, and highly reliable. Regard-
ing species discrimination, rbcL gave better res-
olution than matK in identifying Dendrobium
anosmum Lindl. var. semialba species. There was
a close genetic relationship among Dendrobium
anosmum Lindl. var. semialba species based on
the low genetic distance and the minor nucleotide
variation in the matK and rbcL sequences.
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ABSTRACT

Lucky bamboo plants (Dracaena sanderiana) were used to study the
accumulation and distribution of lead (Pb) in tissues of root, stem
and leaf, as well as the impact of lead accumulation on the anatomical
structure of these tissues. Dracaena sanderiana plants were exposed to
Pb(NOs3)2 solution at the Pb concentrations of 0; 200; 400; 600; 800; 1,000;
2,000; 3,000 and 4,000 mg/L for 60 days. The results showed that the
more the Pb concentration was used, the more the amount of lead was
accumulated and deposited. The tolerance limit of Dracaena sanderiana
was 800 mg/L of Pb in water. The lethal concentration for plants was
4,000 mg/L Pb. When the concentrations of Pb in the solution were
higher than the tolerance limit of the plant, the growth of Dracaena
sanderiana could be inhibited. Dracaena sanderiana could accumulate
up to 39,235 mg/kg Pb in the presence of Pb at 800 mg/L. Lead was
accumulated mainly in roots (97.5%) and deposited mainly in the cell walls
and the spaces between cells in tissues of roots. In the stems and leaves
of Dracaena sanderiana, lead accumulation was limited and distributed
mainly around vascular bundles. Lead accumulation caused changes in
the anatomical structure of root, stem and leaf tissues. The accumula-
tion and distribution of Pb is mainly in the cell walls and the space of
cells; it could be a detoxification mechanism for Pb of Dracaena sanderiana.

Cited as: Ho, L. B., Huynh, B. V, & Bui, T. C. (2021). Accumulation and distribution of lead (Pb)
in different tissues of Lucky bamboo plants (Dracaena sanderiana). The Journal of Agriculture and

Development 20(3), 50-60.

1. Introduction

lic’s health (EPA, 2000). Thus, the search for Pb
treatment methods has to be taken in priority in

Today, the continuous development of science
and technology has brought many economic ben-
efits to humans. However, this also makes the en-
vironment more seriously polluted. In the world,
the pollution of heavy metals, especially lead
(Pb) pollution is becoming increasingly popular
due to the massive development of human, agri-
cultural and industrial activities (ATSDR, 1993).
Lead is the most dangerous substance in the en-
vironment, and has caused deleterious effects not
only to the environment, but also to the pub-

many countries.

Different methods of lead decontamination are
available, the most commonly is physical chem-
istry. They can process the contaminated soil
in-situ or ex-situ by using techniques involving
chemicals, such as chelating and physical meth-
ods such as pumping or heating. Recently, a tech-
nique based on the use of plants has been devel-
oped for remediation of soil and water. This tech-
nique is well known “phytoremediation” that is
less invasive and less expensive than the physical
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and chemical techniques (EPA, 2000), but it in-
volves the identification of plant species with par-
ticular capabilities. To be used in lead decontam-
ination, the plants should tolerate the presence
of high concentrations. In addition, they must
be capable of accumulating the contaminant into
their roots or in their shoots and have detoxifying
mechanisms. However, these plant species were
rather limited. Finding out plant species that rep-
resent its lead removal ability to reduce environ-
mental pollution is one of the most interesting
subjects towards scientists.

Recently, the research of Hao (2011) indicated
a plant’s ability in absorbing Cu, Ni, Hg, Cd and
Cr for the process of phytoremediation, namely,
Lucky bamboo plants (Dracaena sanderiana).
Sereshi et al. (2014) had also shown that Dra-
caena sanderiana has the ability to grow well in
garbage wastewater. However, the accumulation
and distribution of lead by Dracaena sanderiana
has not been researched yet.

Consequently, this study has been conducted to
determine the accumulation and distribution of
lead in Dracaena sanderiana plants as well as the
impact of Pb on changes in the anatomy structure
of those tissues.

2. Material and Methods
2.1. Plant materials and experiment

Lucky bamboo plants (Dracaena sanderiana)
were collected, cut into sections about 45 cm,
and were cultivated in greenhouse at Thu Dau
Mot University, Binh Duong, Vietnam. Plants
were cultivated in distilled water for 60 days
in order to obtain homogeneous plants. Eighty
one cloned plants selected by tree height, root
length, number of leaves, and healthy condition,
were transplanted to plastic pots containing 15
L Pb(NOg3)z solution (Merck), pH level of 4.5
with the following Pb concentrations: 0; 200; 400;
600; 800; 1,000; 2,000; 3,000 and 4,000 mg/L.
The experiment was conducted for 60 days, af-
ter this period, plants were harvested and subse-
quently divided into roots, stems and leaves. The
experimental design was completely randomized
with three replicates. Every 10 days, experimen-
tal plants were evaluated for the total content of
Pb in plant parts and after 60 days experimen-
tal plants were evaluated for Pb distribution and
anatomy structure. Experimental solution didn’t
change for 60 days.

2.2. Determination total content of Pb in
parts of Dracaena sanderiana

Plant materials including roots, stems and
leaves were collected at 7 time periods (0, 10,
20, 30, 40, 50 and 60 days) and washed 3 times
with distilled water, oven dried at 70°C for 24 h,
then milled. Approximately 1 g of milled plants
was placed in 100 mL digest tubes, added with
10 ml HNOj3, 2 mL HCLO4 and 2 mL HyO4
then digested at 180°C until the samples were
completely digested. The concentration of Pb in
digestates was determined by AAS (Atomic Ab-
sorption Spectrometer) (Shimadzu, Japan).

2.3. Determination of Pb distribution in roots,
stems and leaves tissues of Dracaena
sanderiana

The observations of lead on plant tissues were
made using histochemical methods which are con-
sidered to be fast, simple and accurate (Glater
& Hernandez, 1972; Tung & Temple, 1996).
Sodium rhodizonate is a specific good chro-
mophoric reagent which gives red to blackish
brown color with a buffer solution at pH of 2.8.
Lucky bamboo plant parts (roots, stems and
leaves) of each treatment Pb level were fixed by
formaldehyde acid acetic for 24 h. The aim of
the fixation was to obtain the same tissue as the
original one. Then, samples were cut thin with a
hand microtome. Thin sections are then soaked
in a solution of sodium rhodizonate 0.2% (added
one drop of acetic acid buffer solution of pH 2.8)
for 30 min. Tissue samples were then rinsed with
distilled water and placed in an object glass and
observed on a microscope.

2.4. Determination of changes in anatomical
structure of roots, stems and leaves tis-
sues of Dracaena sanderiana

Experimental plants were taken from each
treatment Pb level and then separated according
to the roots, stems and leaves, which were then
cleaned with distilled water and soaked in a so-
lution of formaldehyde acetic acid for 24 h. Plant
parts that have been fixed in formaldehyde acetic
acid solution were then cut as thin as possible
using a hand microtome, then stained in double
with methylene blue and carmine red. Protocol
for implementing a temporary microscope tem-
plate was made according to the method of Hoang
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& Nguyen (2004). The samples were observed
by using a light microscope. Parameters mea-
sured were profile anatomical structure of roots,
stems and leaves. Measurements were conducted
on the thickness of tissues. These observations
were conducted using Optika B - 383PL micro-
scope (linked with a computer).

2.5. Data analysis and statistical analysis

Anatomical tissues size was measured by Op-
tika Vision Pro software. Values are calculated
as the mean of 3 repetitions. All data were aver-
aged and statistically processed using Statgraph-
ics centurion XVI software. Least significant dif-
ference (LSD) test was used to compare Pb con-
tents in roots, stems and leaves of plants on dif-
ferent treatments.

3. Results and Discussion

3.1. Accumulation of Pb in Dracaena sanderi-
ana plants

Results obtained from Figure 1, 2, 3 showed
that levels of Pb in solution affected accumu-
lated Pb ability in parts of Dracaena sanderiana
plants. Pb content accumulated in roots, stems
and leaves at different Pb levels tended to in-
crease along with increasing Pb concentration
and indicated a significant difference at 5% level
according to the LSD test. The more Pb concen-
tration increases, the more content of Pb accumu-
lated in plants. However, contents of Pb in roots
weren’t significant difference in longer Pb expo-
sure time (Pb contents was accumulated in the
roots at concentrations 200; 400; 600; 800; 1,000
and 2,000 mg/L had significant difference at 5%
level (P < 0.05) at 0 to 40 days, but wasn’t signifi-
cant difference at 50 days and 60 days) (Figure 1).
This showed that Dracaena sanderiana may have
a certain accumulation threshold. If accumulated
content of Pb in plants surpasses the threshold,
plants will halt absorption Pb from outside.

The tolerance limit of Pb in solution of Dra-
caena sanderiana was 800 mg/L (Ho et al., 2019).
When the concentrations of Pb in the medium
were higher than the tolerance limit of the plant,
the growth of Dracaena sanderiana could be in-
hibited. The lethal concentration of Pb was 4,000
mg/L (All of the plants died at this level at 30
days). The highest Lead accumulation capacity in
roots of Dracaena sanderiana was 38,518 mg/kg

dw for the solution with Pb concentrations <
1,000 mg/L and 60,570 mg/kg dw for the solu-
tion with Pb concentrations > 1,000 mg/L (at 60
days of the experiment). Compared with Pteris
vittata with accumulated Pb content in the roots
3,157 mg/kg dw at 3,000 mg/kg level (Tran et
al., 2011), Dracaena sanderiana has a higher abil-
ity for accumulation Pb in the roots. Lead con-
centrations 2,000 mg/kg, 3,000 mg/kg and 4,000
mg/kg also significantly inhibited the growth of
Pteris vittata. Lantana camara L. could tolerate
Pb at a pollution level of 4,000 mg/L. After 1 day
contacting with this Pb level, Lantana camara
L. could accumulate 5,252 mg/kg dw Pb in the
roots (Diep & Garnier-Zarli, 2007) and thus Dra-
caena sanderiana’s accumulation ability is lower
than it (1,009 mg/kg dw in 1 day). Lead accumu-
lation capacity in stems and leaves of Dracaena
sanderiana was also shown to be higher than in
some plant species such as Chrysopogon zizan-
toides, Ricinus communis, Conyza canadensis,
Oryza sativa, Pfaffia glomerata, Elsholtzia splen-
dens (Kumar & Prasad, 2018), with the highest
Pb content in stem was 2,263 mg/kg dw (at 4,000
mg/L) and in leaves was 389.52 mg/kg dw (at
2,000 mg/L).

Pb content in parts of Dracaena sanderiana
at all concentrations of Pb arranged in the or-
der of roots > stems > leaves. At Pb levels
from 200 to 4,000 mg/L, accumulated Pb con-
tent in roots, stems and leaves was 97.50%, 1.95%
and 0.55%. Similar results were also reported in
many plants such as Lantana camara L. (Diep &
Garnier-Zarli, 2007), Armeria maritima, Agrostis
tenuis and Cardaminopsis halleri (Dahmani et
al., 2000). This result showed that the Pb trans-
portation capacity of Dracaena sanderiana was
limited only with upper organs as stems and
leaves. Thus, Dracaena sanderiana could use phy-
tostabilization or phytofiltration mechanism for
absorptionPb. According to these two mecha-
nisms, absorbed Pb was accumulated mainly in
the roots.

3.2. Distribution of Pb in Dracaena sanderiana
plants

3.2.1. Distribution of lead in roots tissues

Staining sodium rhodizonate gives red to black-
ish brown color in tissues where lead has accumu-
lated. The appearance of red stains found in two
forms as diffusive or granular deposits (Glater &
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Figure 1. Accumulation of Pb in roots (mg/kg dry weight) of Dracaena sanderiana.
Note: Data in chart columns with different letters indicate a significant difference at 5% level according to
LSD test; N: negative; dw: dry weight, analysis threshold = 0.006 mg/L); d: day.
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Figure 2. Accumulation of Pb in stems (mg/kg dry weight) of Dracaena sanderiana.
Note: Data in chart columns with different letters indicate a significant difference at 5% level according to
LSD test; N: negative; dw: dry weight, analysis threshold = 0.006 mg/L); d: day.

Hernandez, 1972). At the root tissues could be
seen that Pb deposited mainly in granular form
(Fig 4A).

In the root tissues of Dracaena sanderiana, Pb
was distributed mainly in the spaces between cells
and linked to the cell walls (Figure 4B). This dis-

tribution could be mainly way to distribute Pb in
the root tissues and be a tolerance and limitation
strategy for Pb toxicity (Al-Saadi et al., 2013).
Pb binds to the cell walls because of high affinity
with components such as lignin, pectin, polysac-
charide, cellulose (Krzestowska et al., 2009). More
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Data in chart columns with different letters indicate a significant difference at 5% level according to LSD
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(B)

Figure 4. Distribution of Pb in root tissues Dracaena sanderiana plants: (A) Pb granular form (10X);
(B) Distribution of Pb in epidermis and parenchyma at 800 mg/L Pb (40X); Bar: 1.1mm and 0,4mm; E:

epidermis; P: parenchyma.

than 90% of Pb accumulated in the roots was
found insoluble in the spaces between cells and
tightly bound to the cell walls (Jiang & Liu,
2010).

In the roots, Pb tended to move to the xylem
tissue to be transported to stems and leaves.
However, Pb mobility is limited by the endoder-
mis barrier. So lead accumulation increases in
the endodermis, especially on the casparian strip
with dark red color (Figure 5A). At lethal concen-
tration (4000 mg/L), endodermis barrier is bro-
ken and Pb infiltrates through casparian into tis-

sues (Figure 5B) The endodermis acts as a bar-
rier to the migration of Pb from roots to stems
and leaves (Azmat et al., 2006). This may partly
explain for the result that the content of Pb accu-
mulates in roots higher than in stems and leaves.

3.2.2. Distribution of Pb in stems tissues

The Pb form deposited mainly in the stem as
a diffuse form and a small part showed in gran-
ular form. In the stem, Pb content accumulated
and deposited the most around the vascular bun-
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(A)

Figure 5. Distribution of Pb in root tissues of Dracaena sanderiana plants. (A) Distribution of Pb at
endodermis at 1000 mg/L Pb (40X); (B) Distribution of Pb at lethal concentration (4000 mg/L) (40X); Bar:

0,4mm; En: Endodermis; C: Casparian strip.

(D)

Figure 6. Distribution of Pb in stems tissues of Dracaena sanderiana plants. (A, B, C and D: control, 400
mg/L, 800 mg/L and 2000 mg/L; VB: vascular bundles; Bar: 0.4 mm; (40X).

dles and tended to diffuse to nearby tissues (Fig-
ure 6B, 6C, 6D). Lead content accumulated also
increased with the concentration of lead treated
(Figure 6). High concentration of lead deposited

on the vascular bundles could exceed the toler-
ance of plants and reduce vascular size and ex-
pand the xylem space. This phenomenon has also
been identified in the study of Al-Saadi et al.
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(2013).
3.2.3. Distribution of Pb in leaves tissues

According to the observation of Pb distribu-
tion in leaf tissues (Figure 7), red marks didn’t
detected in leaf tissues of Dracaena sanderiana
that exposed lead at a concentration of 200 mg/L
to 2000 mg/L. Red marks only detected at con-
centrations of 3000 mg/L and 4000 mg/L. The re-
sults showed that the color in leaves tissues is not
different between control, concentration of 200
mg/L and concentration of 2000 mg/L (Figure
7A, 7B, 7C). In contrast, red marks were detected
at concentration of 3000 mg/L Pb and observed
in vascular bundles (Figure 7d). It is possible that
the concentration of lead accumulated very low
in leaves at treatment concentrations is less than
3000 mg/L so the color has not been seen.

3.3. Response of plant tissues to lead accumu-
lation

3.3.1. Response of root tissues

This study examined the effect of toxic Pb on
Dracaena sanderiana. The results showed that Pb
markedly affect the treatmented Dracaena sande-
riana plants as compared to the control. A pro-
nounced effect of Pb on plant roots tissues struc-
ture of Dracaena sanderiana showed the rapid
respond to accumulated Pb, through a increasing
in size of tissues. Epidermis, parenchyma, xylem
and pith tissues were increased 1.36 - 2.48; 1.01
— 1.55; 1.01 — 122 and 1.01 — 1.55 times, respec-
tively when were observed at 200 — 400 mg/L Pb
(Figure 8). These tissues tended to increase when
Pb levels in solution increase, especially to the
epidermis and parenchyma tissues. These results
could be explained that lead accumulation in root
tissues accelerates maturation of cells as well as
the formation of secondary cell walls. When plant
cells are exposed to Pb, the synthesis polysaccha-
rides in cell walls increase as resulting for signif-
icant thickening of the cell walls (Raven et al.,
1999).

Thicker root tissues could also be the detox-
ification way for Pb of Dracaena sanderiana in
order to create the physical barrier and reduce
migration of Pb to the upper parts of the plants.
Similar results were also reported by Tupan &
Azrianingsih (2016) who said that the size of
parenchyma and endodermis tissues of Thalas-

sia hemprichii roots have increased in Pb poi-
soning condition. In 250 mg/L Pb, the number
of xylem tissue layers in Lens culinaris increased
more than three times compared to the control
(Azmat et al., 2006). In addition, the thickening
of the cell walls also creates more sites for Pb
binding and thus increases extracellular seques-
tration (Gomes et al., 2011). Thicker cell walls
have also been detected in F. hygrometrica pro-
tonemata (Krzestowska et al., 2009).

3.3.2. Response of stem tissues

Epidermis tissue and vascular bundles in the
stems at Pb levels of 200, 400, 600 and 800 mg/L
were thicker than 1.05 - 1.18 times and 1.02 - 1.10
times as compared to the control plant (Figure
9). The size of the epidermis tissue and vascular
bundle were decreased when Pb concentrations
above 800 mg/L. In contrast, xylem tube diame-
ter of stems in all Pb levels increased 1.08 - 1.36
times as compared to the control treatment.

At lower concentrations (200, 400, 600, 800
mg/L), the thicker epidermis tissue could be the
result of stimulation when the presence of lead
in low concentrations was diffused from vascu-
lar tissue leading to more maturation of the cell
walls. Krzestowska et al. (2010) suggested that,
when a small amount of lead penetrates in the
cell membranes, it interacts with cellular compo-
nents and increases the thickness of the cell walls.
He also reported that the presence of low levels of
Pb will stimulate the growth of plants. However,
at higher lead levels (1000, 2000, 3000 and 4000
mg/L), the epidermis, cell layer occupying and
including vascular size decreased. These changes
may be due to the effects of toxic lead thresholds
when linked to cell walls that do not make cells
thicker which disrupt hormonal balance. The ef-
fect on water hydrolysis of cells as causes the cells
lose much water (Gomes et al., 2011).

Dracaena sanderiana is a plant that can sur-
vive in both soil and water environments. When
living in a water environment, the Dracaena
sanderiana itself, like other aquatic plants, needs
a large intercellular space to bring oxygen to the
roots. Therefore, Dracaena sanderiana has many
vascular bundles in the stem anatomy structure.
Vascular bundle size tends to increase lead con-
centration to 800 mg/L. This change may be the
way to the tree against the loss of oxygen. Al-
Saadi et al. (2013) found changes in intercellular
spaces in the stem of a aquatic plant Potamoge-
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Figure 7. Distribution of Pb in leaves tissues of Dracaena sanderiana plants. (A): Control; (B): 200 mg/L;

(C): 2000 mg/L; (D): 3000 mg/L; Bar: 1.1mm; (10X).
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ton sp. and concluded that the change is because
Pb is transported in the intercellular space so the
intercellular space must expand to prevent oxy-
gen loss (Al-Saadi et al., 2013). The increased
size of vessels can be an important strategy of
live plants in the wetland environment not only
facilitates the transport of oxygen in the tree, but

also increases the potential for carrying oxygen to
the root zone.

3.3.3. Response of leaf tissues

The size of the upper epidermis, parenchyma
and vascular bundle was greater than the con-
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trol 1.13 - 1.32 times; 1.37 - 3.95 times and 1.06
- 1.55 times, respectively (Figure 10, 11). How-
ever, the increase in size in these tissues varies
with lead concentration and depends on the type
of tissue. The structure of other types of tissue
such as the lower epidermis, vascular bundle also
changes with the concentration of lead. The size
of the lower epidermis and xylem at 200, 400 and
600 mg/L Pb decreased greatly compared to the
control. Otherwise at 800, 1000, 2000, 3000 and

4000 mg/L Pb, they increase greatly compared
to the control (1.13 - 1.14 times) (Figure 10).
This proves that the leaves of Dracaena sanderi-
ana trees have a reaction to lead. When plants
are contaminated with lead, plants have some
lead-resistant mechanisms, isolating lead in vac-
uole is one of those mechanisms. To accumulate
lead in vacuoles, the vacuole size must stretch and
change the leaf anatomical structure. The change
in leaf anatomical structures may be related to
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Figure 11. Changes in the parenchyma and vascular tissues structure of Dracaena sanderiana leaf.

lead content in the leaves. In this study, the re-
sults changed significantly in epidermal size and
leaf tissue may be related to this problem. The
change in leaf anatomical structure is significant
at lead concentrations of 2000, 3000 and 4000
mg/L and this is also the concentration at which
leaves accumulate the most lead content.

With the results of the surgery leaves obtained
showed that the leaf has many characteristics
adapted to high lead environment. Leaf epider-
mis, parenchyma and vascular bundle increased
more than to help plants accumulate lead, and
limit evapotranspiration, increasing the ability to
accumulate water to detoxify the tree, on the
other hand, the increased vascular bundle diame-
ter helps facilitate transport oxygen to the roots
zone (compared to the control treatment).

4. Conclusions

Lucky bamboo plants (Dracaena sanderiana)
have the ability to accumulate and distribute lead
in roots, stems and leaves tissues. Pb content is
accumulated mainly in the roots and increases
with the increase in concentration of Pb. In the
roots, Pb is deposited mainly on cell walls and
intercellular. In stems and leaves, Pb deposited
mainly around the vascular bundles. The dis-
tribution of Pb made the anatomical structure
of the roots, stems and leaves change markedly.
With the capacity for accumulation and distribu-
tion of Pb, Dracaena sanderiana can become a
well bio-accumulated plant as well as a biofilter
plant for lead heavy metal pollution.
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ABSTRACT

Pitaya production has been increasing, that offers abundant
material for food processing. New product development would
greatly add value for this produce. The present study focused on
the effects of spray-drying conditions such as coating material
concentration and spray-drying temperature on the physic-
ochemical characteristics of red-fleshed dragon fruit powder
made from peel and flesh. The sample quality was influenced
by two experimental factors, which were the maltodextrin con-
centration and the spray-drying inlet temperature. The samples
spray-dried at 140°C to 150°C with 15% maltodextrin (w/w)
gave the powder with the highest betacyanin, polyphenol, and
vitamin C retention results (97.62 - 98.86%, 90.66 - 91.63%,
and 63.40 - 63.68%, respectively). The moisture content, water
activity and solubility of the sample was 3.88% to 4.27%,
0.26 to 0.28 and 99%, respectively. Red-fleshed dragon fruit
powder made from flesh and peel has numerous potentials in
the beverage industry.

Cited as: Tran, T. T. N., Do, Q. A., Nguyen, N. H., Pham, T. N., Do, T. L. H., Duong, D. T. N.,
& Hoang, B. Q. (2021). Influence of spray-drying conditions on the physicochemical properties of
red-fleshed dragon fruit (Hylocereus polyrhizus) powder made from peel and flesh. The Journal of
Agriculture and Development 20(3), 61-67.

1. Introduction

ideal weather pattern can benefit the cultivation
of such fruit, it still leaves some negative effects

Red-fleshed dragon fruit, also known as red
pitaya, is a member of the Cactaceae family
and the order of Caryophyllales. With the spe-
cific purple-red color of the peel and flesh, deli-
cate and appetizing flavor, high nutritional and
functional potentials (Stintzing et al., 2003), red-
fleshed dragon fruits are widely cultivated on
a large scale throughout countries that possess
tropical and subtropical climate, including Viet-
nam. Red-fleshed dragon fruit is well-known for
its outstanding pharmacological benefits. Both
the flesh and peel are rich in polyphenol and an-
tioxidants, with the peel exhibiting higher antiox-
idant activities (Wu et al., 2006). Although the

on other related aspects as the fruit is usually
consumed fresh, including difficulties regarding
storage conditions and transportation, etc. For
that reason, processes that can turn fresh fruits
into commercialized products play an important
role in building up the values for agricultural
commodities. Fruit powder is an excellent option
in response to the trend towards healthier and
more natural products for consumers. The quality
of the product will hardly reach the requirement
if the processing is not controlled well. Because
of this, the study utilized peel as an alternative
source to partly replace the flesh in making red
dragon fruit powder by spray-drying, thus reduce
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the loss of by-products and lower the price of the
finish powder. The present research was carried
out to assess the physicochemical properties of
pitaya fruit powder with emphasis on the physic-
ochemical properties of water activity, moisture
content, solubility, etc. by varying concentrations
of the coating materials (maltodextrin) and inlet
temperatures of spray drying.

2. Materials and Methods

2.1. Materials

Red-fleshed pitaya used in the present study
was purchased locally from Thu Duc wholesale
market in Ho Chi Minh City within a week of har-
vesting. The selected fruits were fresh and ripe,
with no defect of physical injures and fungi (Fig-
ure 1). One standardized fruit weighed approxi-
mately 450 g with the ratio of flesh: peel equaled
4:1. The Brix values of the peel and flesh were
5.0°Bx and 12°Bx respectively. The pH values for
flesh and peel were 4.58 and 4.94, respectively.
The betacyanin, ascorbic acid, and total phenolic
contents were 12.74 mg/100 g, 16.25 mg AA /100
g, and 57.29 mg GAE/100 g in the flesh, respec-
tively and were 3.75 mg/100 g, 10.63 mg AA /100
g, and 25.25 mg GAE/100 g in the peel, respec-
tively. The peel, flesh, and scale (the prominent,
green parts located on the fruit’s skin) were sep-
arated and stored at -18°C until use.

Figure 1. (A) Flesh and (B) peel of red dragon fruit.

Enzyme Pectinex Ultra SP-L liquid was pro-
duced by Novozymes group (Bagsvaerd, Den-
mark), distributed by Brenntag Vietnam Com-
pany Limited (Ho Chi Minh City). Enzyme pecti-
nase is an enzyme of the polygalacturonase group.
The enzyme has its activity of 3800 PGNU per
mL (polygalacturonase activity per mL). Enzyme
is stored at 10 - 12°C. The activity of this product

is stable over wide pH (2.8 - 6.5) and temperature
(15 - 55°C) ranges.

Chemicals: gallic acid 99%, folin-ciocalteu 99%,
ascorbic acid 99,7% (Merck, Germany), sodium
carbonate 98%, sodium metabisulfite, citric acid
anhydrous, disodium hydrogen phosphate, io-
dine, potassium iodide (Xilong, China), ethanol
99% (Chemos, Vietnam), maltodextrin DE 10
(Himedia, India).

Equipment: electronic scale (Ohaus Corp.pine
Brook, USA), water bath (Schutzart, Germany),
balances (Sartorius, Japan), vortex, UV-vis spec-
trophotometer (Jenway, USA), spray-dryer KD-
400 (Vietnam), blender (Phillip, Netherland),
juicer (Vietnam), Z206A centrifuge (Hermle, Ger-
many), IKA T18 digital Ultra Turrax homoge-
nizer (IKA, Germany), Chroma meter CR-400
(Konica Minolta, Japan).

2.2. Sample preparation
2.2.1. Flesh extract preparation

The flesh after thawing was ground by a juicer
to eliminate the seeds then mixed with water to
the ratio of 1:1 (w/w). Pectinex Ultra SPL of
0.2% (w/w) concentration was added. The puree
was hydrolyzed at 45°C for 60 min (a result of the
preliminary test). After that, the sample was in-
activated at 100°C for 1 min, then filter through
cheesecloth. The obtained solution was stored at
10°C until use.

2.2.2. Peel extract preparation

The peel was mixed with water to the ratio of
1:1 (w/w) and crushed by a blender. Pectinex Ul-
tra SPL of 0.4% (w/w) concentration was added
to the peel solution. The puree was hydrolyzed
at 45°C for 120 min (a result of the preliminary
test). After that, the sample was inactivated at
100°C for 1 min, then centrifuged at 5000 rpm
for 10 min and filtrated through a 102-filter pa-
per with a diameter pore of 15 - 20 nM to get the
peel extract. The obtained solution was refriger-
ated at 10°C until use.

2.2.3. Powder preparation

The extracts of flesh and peel puree were mixed
to the ratio of 4:1 (w/w), this ratio was obtained
based on the natural proportion between flesh
and de-scaled peel of standardized red-fleshed
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dragon fruit. The mixture was added with differ-
ent concentrations of maltodextrin and homog-
enized at 5000 rpm for 5 min. The sample was
dried at 150°C in a spray-dryer KD-400 equipped
with a diameter nozzle in the Chemical Depart-
ment of Nong Lam University, Ho Chi Minh City,
as the feed flow rate of 500 mL/h was controlled
by the pump rotation speed at 2.5 rpm and com-
pressor air pressure of 2.1 kgf/cm?. The pow-
der samples were stored in a screw-capped amber
bottle at -18°C until further analysis.

2.3. Experiment design

2.3.1. Effect of maltodextrin concentration on
physico-chemical of powder

This experiment was investigated by an exper-
imental single factor. Maltodextrin concentration
with 3 levels (10%, 15%, and 20%, w/w) was sur-
veyed. Sample preparation was followed in sec-
tion 2.2. The physicochemical properties of pow-
der including betacyanin retention, total phenolic
content retention, vitamin C retention, moisture
content, water activity, solubility, L*, C, and H®
were recorded.

2.3.2. Effect of drying temperature on physic-
ochemical of powder

After the maltodextrin concentration was cho-
sen (section 2.3.1), inlet air temperature with 3
levels (140, 150, and 160°C) was investigated.
Sample preparation was followed section 2.2. The
physicochemical properties of powder were in-
cluding betacyanin retention, total phenolic con-
tent retention, vitamin C retention, moisture con-
tent, water activity, solubility, L*, C, and H°
recorded.

2.3.3. Analytical methods

Moisture Content: The moisture was deter-
mined by infrared moisture drying balance MX-
50 (0.01%/max 51g), Sartorius, Japan. One gram
of sample was weighed and dried until a constant
weight was obtained.

Water Activity: The water activity was deter-
mined by using a water activity meter AquaLab-
DewPoint 4Te (Decagon Devices Inc., Pullman,
WA, USA) at 25°C + 0.5.

Color measurement: The color of the pitaya
powder was measured by using a Chroma meter

CR-400 (Konica Minolta, Japan). The lens of the
color reader was put upon the powder to obtain
the L*, C, and H° values for the powder.

Solubility: The water solubility was performed
using the method described by Reddy et al.
(2015) with a few modifications. A sample of 0.5 g
was mixed with 6 mL of distilled water and then
centrifuged at 5000 rpm for 10 min. After cen-
trifugation, the suspension was placed in a dish
and dried at 105°C for 4 h to obtain constant dry
solids weight. The solubility (%) was determined
as:

Weight of dry solids in the supernatant

Solubility (%) = x 100
Weight of dry sample

Total betacyanin content: The total betacyanin
content of the dragon fruit sample was deter-
mined by a colorimetric method (Rebecca et
al., 2008). The sample was weighed and di-
luted in water, followed by vortexing, then cen-
trifuged at 5000 rpm for 10 min. The super-
natant was collected and filtrated using filter pa-
per. The absorption value was analyzed by a spec-
trophotometer (Spectronic UV-Vis Genesys 10S
Thermo, USA) at a wavelength of 538 nm. The
proportion of betacyanin retention: = (BC;/BCy
) x 100, where BC; is the betacyanin content
after spray-dried, BCy is the betacyanin content
before the spray-dried interval.

Total phenolic content: Polyphenols in red
dragon fruits were determined by the Folin-
Ciocalteau method (Singleton et al., 1999). In a
tube, 1 mL of distilled water was mixed well with
1 mL of the diluted sample and 0.5 mL of Folin-
Ciocalteau 10% and left for 6 min. Continue to
add 1.5 mL of 20% Nay;CO3z and 1 mL of dis-
tilled water, then left for another 2 h in darkness.
The absorption value was analyzed by a spec-
trophotometer at a wavelength of 760 nm. The
total phenolic content was calculated based on
the standard curve for polyphenols and expressed
by GAE/100 g dry solid. Proportion TPC reten-
tion: = (TPC;/TPCy ) x 100, where TPC; is the
total phenolic content after spray-dried, TPCy is
the total phenolic content before spray-dried in-
terval.

Ascorbic acid content (UV-VIS method): The
method used to determine total ascorbic acid con-
tent was described by Kapur et al. (2012). In a
tube, 0.23 mL of 3% bromine water was added
into 4 mL of sample solution, 0.13 mL of 10%
thiourea. Then 1 mL of 2, 4-DNPH solution was
added. Samples were kept at 37°C temperature
for 3 h in a water bath. After that, samples were
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cooled in an ice bath for 30 min and treated with
5 mL chilled 85% H3SO4. The absorption value
was analyzed by a spectrophotometer at a wave-
length of 521 nm. The total ascorbic content was
calculated based on the standard curve for ascor-
bic acid and expressed by AAE/100 g dry solid.
Proportion AAC retention = (AAC;/AAC) ) x
100, where AAC; is the total ascorbic acid con-
tent after spray-dried, AACy is the total ascorbic
acid content before spray-dried interval.

Ascorbic acid content (HPLC method): The
method followed Uckoo et al. (2011) with some
modifications. In a tube, an aliquot of 0.5 g pow-
der sample was homogenized (8000rpm, 1 min)
in 3% metaphosphoric acid. The supernatant was
diluted with ortho-phosphoric acid 3 mM and fil-
tered through a 0,45 pM PTFE membrane. The
HPLC operation systems (LC-20AD, Shimadzu,
Japan) including pump (SIL-20A), detector (UV-
VIS SPD-20A), degasser (DGU-20A3). The mo-
bile phase A was provided with ortho-phosphoric
acid 3 mM and the stationary phase was col-
umn C18 reverse (Inertsil, ODS 3, Japan). An
isocratic mobile phase was run at a flow rate of
1.0 mL/min. An injection volume of 1.0 pL was
used. The ascorbic acid was detected at 254 nm.

2.4. Statistical analysis

All experiments were carried out 2 times. Data
and results were analyzed by using JMP 10.0 soft-
ware and p-value (P < 0.05) and ANOVA One-
way analysis of variance (ANOVA) to determine
the significant differences (P < 0.05) between the
means. Results are presented as mean + standard
deviation.

3. Results and Discussion

3.1. Effect of maltodextrin concentration on
physicochemical of powder

The results of this experiment were as listed in
Table 1.

Overall, all values of antioxidant compounds
increased with maltodextrin concentration from
10% to 15% and decreased with maltodextrin
concentration from 15% to 20% (Figure 2). The
highest values of betacyanin, polyphenol, and vi-
tamin C were obtained at 15% maltodextrin con-
centration (98.73%, 97.35%, and 63.73%, respec-
tively). This can be explained by the protective
ability of maltodextrin as a coating material to-

wards sensitive compounds like antioxidants, but
if the maltodextrin concentration was too high, it
increased the viscosity of the feed solution and re-
duced the efficiency of the spray-drying process.
All samples had similar values of moisture con-
tent (4.07 - 4.99%), water activity (0.26 - 0.28),
and solubility (99.13 - 99.94). L* value of the
sample with 20% maltodextrin concentration was
higher and significantly different (P < 0.05) from
the other two samples.

Figure 2. Spray-dried powder with (A) 10%, (B)
15%, and (C) 20% maltodextrin concentration sup-
plement.

C and H° values between the three samples
were not significantly different from each other
(P < 0.05). An increase in L* values (72.97 -
76.45) and a decrease in Chroma values (30.38
- 28.24) were observed while H° remained sta-
ble (approximately 359.77). This result indicated
that all samples almost had the same light purple-
red color and the color intensity got lighter as the
maltodextrin concentration increased from 10%
to 20%. This can be explained by the influence
of the white color of maltodextrin on the color
of the samples, the higher the concentration of
maltodextrin, the lighter the color of the powder
samples. The sample with 15% maltodextrin con-
centration had the highest physicochemical prop-
erties.

3.2. Effect of drying temperature on physico-
chemical of powder

In general, the increase in temperature from
140°C to 150°C witnessed an increase in physic-
ochemical properties, with betacyanin retention
increased from 97.62% to 98.76%, polyphenol re-
tention increased from 98.19% to 98.31% and
vitamin C retention increased from 63.40% to
63.68% (Table 2). However, when the drying tem-
perature continued increasing, the physicochem-
ical values started to drop, at this time the beta-
cyanin retention, polyphenol retention, vitamin C
retention were 95.63%, 92.42%, and 58.63%, re-
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Table 1. Effect of maltodextrin concentration on physicochemical properties of red-

fleshed dragon fruit powder

Maltodextrin concentration (%)

Attributes 10 15 50
Betacyanin retention (%)  74.39¢ 4+ 0.34  98.73* £ 0.18  84.87° + 0.63
Polyphenol retention (%)  83.24> £ 0.29  97.35° £ 0.60  96.92° & 0.47
Vitamin C retention (%) 59.42° + 0.62 63.73* £ 1.31  63.32*" 4+ 1.80
Moisture content (%) 4.99* + 0.16 4.13» 4 0.79 4.07° £+ 0.07
Water activity 0.28* £+ 0.01 0.26* £+ 0.01 0.28* £ 0.02
Solubility (%) 99.13* 4+ 0.95 99.94* 4+ 1.52 99.45* + 1.48
L 72.97* + 0.39  73.24* £ 0.85  76.45"> £+ 0.01
C 30.38% £ 0.48  30.16* £ 0.70  28.24* £ 0.82
H° 359.76* £ 0.33 359.78* £ 0.54 359.76* £ 0.64

a b, °Denote the statistically significant difference at P < 0.05. N = 2.

Table 2. Effect of inlet temperature on physicochemical properties of red-fleshed dragon

fruit powder

Inlet temperature (°C)

Attributes

140 150 160
Betacyanin retention (%)  97.62% + 0.85  98.76* & 0.28  95.63" £ 0.43
Polyphenol retention (%)  98.19* £ 0.74  98.31* £ 0.12  92.42> + 0.70
Vitamin C retention (%)  63.68* = 0.15  63.40* 4+ 0.64  58.63" + 0.55
Moisture content (%) 4.27* £ 0.86 3.88* £ 0.09 3.29* £ 0.04
Water activity 0.26* + 0.02 0.28* + 0.06 0.28% £ 0.07
Solubility (%) 99.03* £1.26  98.72* £0.91  99.13* £ 1.03
L* 7297 £0.34  72.21* £ 037 72.57* £ 045
C 31.85* £0.38 3237 £0.44  33.04* £0.21
He 359.75* £ 0.01 359.76* £ 0.01 359.74* £ 0.01

a: b, ¢Denote the statistically significant difference at P < 0.05. N = 2.

spectively. This phenomenon occurred due to the
sensitivity of polyphenol compounds over tem-
perature. High temperature can easily destroy
product’s components that are not heat-resistant,
thus leads to the decrease of these values. The
drying temperature increased (from 140°C to
160°C) leaded to a decrease in moisture content

A

B

(4.27 - 3.29%) (Figure 3). However, this range
of temperature showed slightly no change in wa-
ter activity (0.26 - 0.28) and solubility (98.72
- 99.13%). L*, C, and H° values between three
samples were not significantly different from each
other (P < 0.05). This result indicated that in-
let drying temperature did not show any influ-
ences on the color of the powder. The samples
spray-dried at 140°C and 150°C had the highest
physicochemical properties.

Analytical results by HPLC showed that the
samples analyzed (experiment 2.3.2) had peak
area decreasing in the direction of increasing dry-
ing temperature, this showed that the vitamin C

Figure 3. Powder spray-dried at (A) 140°C, (B)
150°C, and (C) 160°C.

content in samples decreased gradually with the
increasing of drying temperature (Figure 4). This
result is consistent with the result obtained from
UV-VIS analysis. Thus, analysis attributes such
as betacyanin content, total phenolic content,
ascorbic acid content by UV-VIS spectroscopy
method are acceptable and still show the impact
on the experimental factors of the physicochemi-
cal properties of dragon fruit powder.
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4. Conclusions

The physicochemical properties such as beta-
cyanin retention, polyphenol retention, and vita-
min C retention varied depending on the mal-
todextrin concentration and inlet spray-drying
temperature. Moisture content also showed vari-
ations. However, water activity and solubility did
not show any significant changes in values be-
tween samples with different maltodextrin con-
centrations or inlet spray-drying temperatures.
Moreover, unlike C and Ho values which remained
stable under different maltodextrin concentra-
tions and inlet temperatures, L* value of samples
with 20% maltodextrin concentration was signifi-
cantly higher than the other samples. The best
spray-drying conditions in relation to physico-
chemical properties of the powder were 140°C to
150°C inlet temperature and 15% maltodextrin
concentration, with 97.62 - 98.76% betacyanin
retention, 98.19 - 98.31% polyphenol retention,
63.40 - 63.68% vitamin C retention, 3.88 - 4.27%
moisture content, 72.21 - 72.97 in L* value. Spray-
drying is a convenient method to process red-
fleshed dragon fruit into powder. Maltodextrin
is also a good coating material to protect sensi-
tive constituent components. Further recommen-
dations include more research on the ratio of the
peel and flesh solution before spray-drying or us-
ing other materials as microencapsulating agents
to optimize the value of the powder.
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