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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
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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
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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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