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Abstract | One hundred and twenty local male quails were used to investigate the effects of individual and combined
malic and acetic acid in drinking water on the production performance and intestinal histomorphometry of quails. The
quails were divided into 4 groups with 3 replicates for each group, 10 birds per each replicate. 1** group represented
the control group, which was free of any additives. In 2" and 3" groups, malic and acetic acid respectively were added
in drinking water with a percentage of 0.025%, while in 4® group both malic and acetic acids were added to drinking
water with a percentage of 0.025% for each of them. During the experiment, the productive characteristics were stud-
ied including the live body weight, the rate of weight gain, the consumption and conversion of feed. Finally, all the bird
were slaughtered for the purpose of histological examination. Tissue sections were obtained from the small intestine,
then the villi length, width, surface area of villi, and the crypt depth were measured. Results demonstrated a significant
(P<0.05) increase in the body weight of the birds in response to the dietary malic and acetic acids, while there were no
significant differences in the rate of weight gain, the amount of feed consumed, and the feed conversion ratio. Histo-
logically, it was observed that there was a significant (P<0.01) increase in the villi length, villi width, crypt depth and
surface area in organic acid supplemented groups as compared to the control group. In conclusion, supplementation
of organic acids (acetic and malic acid) is beneficial for quail production as it has better effects on intestine. Moreover,
mixture of acetic and malic acid could be more helpful in digestion and absorption of nutrients in the small intestine.
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INTRODUCTION

It was observed that there was a remarkable increase in
the growth performance of poultry birds when organic
acids and organic compounds were used as alternatives to
antibiotics (Abbas et al., 2022; Jovank et al., 2008). Add-
ing these acids to poultry feed is important, however, these
were also found beneficial to reduce the bacterial contam-
ination of meat (IMulla et al., 2022) and salmonella infes-
tation of birds which is a common cause of deterioration

of intestinal walls that decreases the number of intestinal
villi and reduces its length, thus inflicting a damage to the
absorption of food compounds (Pelicano et al., 2005).

Several studies have been conducted on adding organic ac-
ids to poultry diets because of their advantage in lowering
the pH of bacteria in the gastrointestinal tract as the or-
ganic acid infiltrate to the bacterial wall and thus inhibiting
its natural physiological functions (Gauthier 2002). Or-
ganic acids, whether hydrolyzed or not, can penetrate the
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fatty part of the bacterial wall because it is lipophilic and
then ionized inside the bacterial cell cytoplasm (Davidson ,
2001). The low pH inside the bacterial cell lead to the inhi-
bition of the action of many bacterial enzymes thus causes
a large difference between the inside and outside pH of
the bacterial cell wall. This, in turn, stimulate the bacterial
cell to perform a special function called H-ATPase pump,
which keeps pH inside the bacterial cell within the normal
limits. This technique requires high energy that, eventually,
leads to bacterial stress and stops its growth and reproduc-
tion and then causes death (Davidson, 2001).

'The study of Moharrey and Mahzonich (2005) is amongst
the studies that were conducted in this field. Malic acid
was added with percentages of 0.5, 0.1, and 0.15 to the
drinking water of broilers; a 0.5% supplementation exhib-
ited a significant rise in the live body weight in comparison
with the control group. Additionally, the weight gain rate
is considered a clear indication of the productive process.
As the researchers Frankenbach et al. (2001) noticed that
when citric acid was added with percentages of 0, 2, 4, and
6 to the ration of broiler, there was a statistically significant
rise (p < 0.05) in the weight gain rate of the groups to
which citric acid was added at the rate of 4, and 6% com-
pared to the other groups.

Gheisari et al. (2007) supplemented the protected organic
acids with a percentage of 0.2% and observed that it could
improve the reproduction of beneficial microbes and re-
duce the harmful microflora found in the guts of poul-
try. The length of villi in cobb—500 and Ross—308 broiler
breeds was observed higher in the duodenum, jejunum and
ileum parts when acetic acid was added with concentra-
tions of 1 and 2% in the diet (Mustafa et. al., 2004). Like-
wise, Attia et al. (2013) studied the feed prepared using
various concentrations of acetic acid on the growth and
production of the Japanese quail. They noticed that acetic
acid had certain stimulatory effects on the bodys’immune
system, which were represented by an increase in the cel-
lular interactions in the intestine, in addition to the lymph
nodes in the spleen tissue.

The excessive caution towards the severe problems in poul-
try is associated with the use of antibiotics that encourages
the researchers to make more efforts to use food additives
through the alternative strategic plans that include using
the organic acids, their salts, probiotics, prebiotics, en-
zymes as well as their herbal extracts (Bauermann, 2006;
Lim et al., 2023). Therefore, the purpose of this work was
to investigate the impact of adding acetic and malic acid to
the drinking water and the extent to which this addition
affects the production characteristics and histomorphome-
try of small intestine in the local quail.

MATERIALS AND METHODS

One hundred and twenty of local male quails were used
in an experiment for the period from 1 /7 /2022 until 5
/'8 /2022.The management of animals in this research
was tracked the strategies of the Institutional Animal Care
and the Research Ethics Committee of the College of
Veterinary Medicine, University of Mosul, with an ethical
endorsement number of (UM.VET.2022.042). The total
number of quails was divided into 4 groups and three rep-
licates for each group, 10 birds per a replicate.

To conduct this research, a clean and sterilized poultry hall
with dimensions of (5x20 meters) was used at the College
of Veterinary Medicine / University of Mosul. The preven-
tive health program for birds was applied by giving the birds
the necessary vaccines. The starter ration was used for the
first three weeks of the birds’life. After that, the finisher’s
ration was used in the last two weeks of the life of the birds
and the feed was introduced manually and freely (ad-li-
bitum). The drinking water was provided to the birds us-
ing plastic fountains and lighting was set continuously (23
hours) with 1 hour of darkness per a day during the exper-
iment period. The necessary air-conditioning procedures
were implemented by means of using electrical air-coolers
that were used in the poultry hall and three mercury ther-
mometers were used and they were put at the beginning,
middle and end of the hall in an elevation that equals the
bird’s height. Before the birds were put in the hall, the hall
was washed with water and detergents needed to clean and
remove dust and impurities and then it was left for one
day to dry. In addition to that, the places were sterilized
by spraying them with a mixture of water and iodine to
get rid of bacteria and parasites in case that they exist and
leaving them for three days to dry. In addition to that all
feeders and manual fountain were washed and sterilized.
Birds were distributed to four groups, namely; the first one
represented the control group and it is free from any ad-
ditives, the second group to which malic acid (C4H60O5;
Scharlau, Spain) was added in the drinking water with a
ratio of 0.25 gram/ liter (0.025%, w/v). The third group
was supplemented with acetic acid (CH3COOH; Schar-
lau, Spain) via adding in the the drinking water at the rate
of 0.25 mV/liter (0.025%, v/v). While the fourth group was
given both malic and acetic acid by adding in the drinking
water of birds with the ratio of 0.025% of each of the acids.
During the period of the experiment, the productive char-
acteristics of the growth performance were studied, includ-
ing body weight, weight gain rate, feed consumed and feed
conversion ratio. The body weight was calculated weekly
for all birds of each replicate using a sensitive scale (with
a sensitivity of 0.00 g). The rate of weight gain was calcu-
lated by subtraction i.e., the living body weight in a given
week minus the living body weight in the preceding week.
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The amount of feed consumed was calculated depending
on the amount of feed provided at the beginning of the
week minus the amount of feed remaining at the end of
the week. The feed conversion was determined by divid-
ing the amount of the feed consumed by the average body
weight every week. When the experiment was over, all the
birds were slaughtered, tissue sections were taken from the
small intestine and after that the villi length, width, sur-
face area of villi, and the depth of the intestinal crypt were
measured through the use of 10% neutral buftered forma-
lin, light microscope and pigment of Haematoxylin and

Eosin (H & E).

'The abdominal cavity was opened in a transverse line in-
cision. All inner organs of the slaughtered quails were de-
tected and the intestine of individual quails was smoothly
detached. At that time, small parts of the small intestine,
around one centimeter length, were detached from the du-
odenum (under the pyloric-duodenal connection), jejunum
(two centimeters center between the end-point of the du-
odenal loop and Meckel’s diverticulum) and ileum (one cm
front to ileocecal connection) (Choe et al., 2012). All small
intestinal parts were fixed in ten percent neutral buffered
formalin (pH 7, 20 — 24 °C) for three days (Caruso et al.,
2012, Sabet Sarvestani et al., 2015), dry in increasing se-
quences of ethanol, cleared in xylene, set in paraffin blocks
and then they were cut into 5um slices with a microtome
(WES WOX optic model 1090A, Italy). In individual
quail, five slices that characterized the top observation of
crypts and villus were carefully chosen to be analyzed. The
slices were stained by (H&E) for typical histological eval-

uation.

Slides were studied by using light microscope (Optika, It-
aly); and measurements with photomicrographs were tak-
en by using toupview 4.1 software (ToupTek Photonics,
USA). The subsequent parameters of the small intestinal
histomorphometric were estimated for all slices stained
with the H&E technique: the length and width of the vil-
lus, the surface area of villi, as well as the intestinal crypt
depth. The villi lengths were distinct from the tip to bottom
and the widths were determined at the point in the middle
of the length. Approaches through villus length and width
at half tallness provided the villus surface area. The small
intestinal crypts wwere measured as the space from the
highest villus crypt to the muscularis mucosa (Figure 1).
Dimensions were finished in pm, at X100 magnification.

STATISTICAL ANALYSIS

Statistical analysis was done using Completely Rand-
omized Design (CRD) SAS (2004), difference between
treatments was done by Duncan’s multiple rang test
(1955) at (p=< 0.05) and according to the equation model : -
Yij = p + ti + eij Since:

Yij = Value of Observations

p = Average of Observations

ti = Transaction Effect

eij = Impact of Experimental Error

RESULTS

Table (1) illustrates that there were no statistical differenc-
es in initial body weight between the four groups. How-
ever, significant (P<0.05) differences were observed in 1%,
27, 3 and 4™ week with better body weight in organic
acid treated groups as compared to the control group. In
the fifth week, there have been no differences of statisti-
cal significance between the 4 groups in terms of the body
weight.

As shown in Table 2, weight gain, feed consumption, and
feed conversion ratio was unaffected (P>0.05) by the die-
tary organic acids in quails. However, weight gain in week
2 was significantly (P<0.05) improved in group 4 as com-
pared to other groups.

Finger like shape villi

L Tongue like shape villi

-
. N,
R

Figure 1: The illustrative histomorphometry of duodenum
(A), jejunum (B) and ileum (C, D) at 35 days of age in
quail, (x100) (VH: villus height, VW: villus width, CD:
crypt depth (x400).

'The mucosa of the small intestine was projected as elon-
gated growth of villi was observed with finger-like shape
that was formed in duodenum, tongue-shaped formed in
the jejunum and leaf-like formed in the ileum (Figure 1).
Table (3) showed that highest (P<0.05) villus length was
recorded in group 2 of the duodenum; and group 3 of duo-
denum, jejunum and ileum in comparison to control
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Table 1: The impact of adding both acetic and malic acids on the birds’body weight (g; mean * standard error)

Groups Initial weight First week Second week Third week Fourth week Fifth week
Group 1 6.33+0.33 18.33+ 0.884% 61.66+ 0.66" 108.66+ 0.66°  151.33+ 1.20% 186+4.16
Group 2 7.00+0.57 18.33+0.33"8 62.33+1.20° 108.33+2.84%  151.66+2.90" 184.66+2.60
Group 3 7.66x0.33 16.66+1.76" 61.66x0.66" 109.00+0.57®  153.00+2.00® 194.33+8.25
Group4  7.00£0.57 20.33+0.66* 68.33+1.454 117.66+1.20*  160.660.33* 195.33+2.60

'The different letters within the same column differ from each other at a probability level of p <0.05.

Group 1: the control group, which is free of any extra materials added.

Group 2: the group to which malic acid was added in drinking water by 0.25 gm/liter of distilled water (0.025 %).
Group 3: the group to which an acetic acid was added in drinking water by 0.25 ml /liter of distilled water (0.025 %).
Group 4: the group to which malic acid and acetic acid were added in drinking water by 0.025 % for each of them.

Table 2: The effect of adding malic and acetic acid on the weight gain (g), feed consumption (g) and feed conversion ratio

in quails (mean * standard error)

Variable Week G1 G2 G3 G4

Weight gain (g) Week 1 12.00+1.00 11.33 +0.33 10.66+1.76 14.33+0.66
Week 2 43.33+£1.208 44.00+1.15® 45.00+0.66%  48.00+1.004
Week 3 47.00+1.00 46.00+2.30 47.33+0.33 49.33+0.33
Week 4 42.66+ 0.88 43.33+0.88 44.00+2.08 41.33+1.33
Week 5 34.66+3.17 33.00+0.57 41.33+9.83 34.66+2.90

Feed consumption Week 1 39.33+2.18 47.33+8.25 46.67+8.41 41.00+7.54

(®) Week 2 84.00+ 6.02  88.00:8.71 88331592  95.66:6.74
Week 3 125.67+6.64  129.67+11.02  130.67x7.42 136.00+3.60
Week 4 114.00+8.18  129.33+14.88 122.67+5.17 134.33+4.05
Week 5 126.00£8.14  123.00+2.08 126.66+4.37 121.66x4.97

Feed conversion ratio Week 1 3.09+0.08 4.18+0.77 4.68+1.13 2.85+0.46
Week 2 1.94+ 0.17 1.98+0.14 1.96+0.12 1.99+0.17
Week 3 2.67+0.14 2.82+0.26 2.75+0.15 2.75+0.08
Week 4 2.66+0.17 2.98+0.34 2.79+0.19 3.12+0.14
Week 5 3.66+0.23 3.72+0.01 3.40+0.72 3.55+0.27

'The different letters within the same row differ from each other at a probability level of p <0.05.

Group 1: the control group, which is free of any extra materials added.

Group 2: the group to which malic acid was added in drinking water by 0.25 gm/liter of distilled water (0.025 %).
Group 3: the group to which an acetic acid was added in drinking water by 0.25 ml /liter of distilled water (0.025 %).
Group 4: the group to which malic acid and acetic acid were added in drinking water by 0.025 % for each of them.

Table 3: The effect of adding malic and acetic acid on histological parameters of the small intestine of quails (mean
+standard error)

No.of  Variable  Intestinal Group1 Group 2 Group 3 Group 4
Variable part
1 Villi length Duodenum 935.88+43.908 1181.15+31.16% 1244.19+27.974 819.19+5.26°
(pm) Jejunum 756.42+15.958 739.73+18.438 860.30+14.214 634.15+29.08¢
Tleum 554.26+14.04® 385.35+2.67¢ 633.18+14.974 584.53+21.78%
2 Villi width Duodenum 103.65+3.48® 126.65+5.274 123.6416.484 120.03+5.26%
(hm) Jejunum  100.69+5.12% 82.42+5.824 81.4129.72% 58.42 +5.328
Tleum 99.65+3.68 74.86+4.64" 63.88+4.72¢ 79.01+5.728
3 Crypt Duodenum 30.62+0.938¢ 32.92+1.178 28.97+0.74¢ 37.20+£1.984
depth (um) Jejunum 22.59+0.71" 22.20+1.508 34.47 +1.78"
24.11+1.218
Tleum 18.7320.24¢ 23.66+1.448 27.39+1.104 22.70+1.838
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4 Surfaice ~ Duodenum 96994.36+5837.4178 150247.99+8627.77* 154280.60+9606.44* 98197.86+4352.138
area (km)  Jejunum 76189.15+4124.928  61440.83+4303.87%  70165.87 +8762.48%  37246.47+4285.758
Tleum 55319.09+2598.16*  28843.66+1804.39C  40267.48+2853.618  45958.74+3602.328

1.F- value(df1-df2) = 40.475 (3-36) for variable 1
2.F- value(df1-df2) = 3.832 (3-36) for variable 2
3.F- value(df1-df2) = 7.57 (3-36) for variable 3
4.F- value (df1-df2) = 18.188 (3-36) for variable 4

The letters in each row denote differences that are statistically significant (P<0.05).

group. Similarly, statistically significant (P<0.05) decrease
was observed in the villi length of duodenum and jejunum
in group 4, and in group 2 in the ileum in comparison to
the control group. From the other hand, Table (3) shows
significant increase (P<0.05) in villi width of the duode-
num in all organic acid treated groups as compared to the
control, while in jejunum and ilum the change (P<0.05)
was inconsistent.

Crypt depth was improved (P<0.05) in the duodenum and
jejunum in the group 4, and for all the groups of ileum as
compared to the control group. That was obvious in group
3 in comparison to the control group (Table 3). However,
Table (3) further demonstrates increase (P<0.05) in both
of the groups 2 and 3 in the villi surface area of the duode-
num in comparison to the control group. Moreover, there
have been no statistically significant differences (P>0.05)
in group 4 in terms of villi surface area of the duodenum,
and group 2 and 3 of jejunum in comparison to the control
group. Likewise, there were significant decrease (P<0.05)
in group 4 in villi surface area of the jejunum and also in
all the groups of ileum and that was obvious in group 2 as
compared with control group.

DISCUSSION

Our results demonstrates that there have been no differ-
ences of statistical significance in the weight of the body
between the four groups in terms of the initial body weight.
However, it was noticed that, with age, the fourth group
had a significant increase in body weight compared to the
other groups and this could be due to the role played by
the acids concerning reducing the pH value in the diges-
tive tract of birds, thus enhancing the numbers of benefi-
cial bacteria in the intestinal flora. Consequently, the vital
activity increases by improving the nutritional value of the
nutrients included in the components of the ration through
the secretion of digestive enzymes to proteins, fats and car-
bohydrates, as well as an increase in the amylase enzyme by
lactobacillus bacteria, which is important in the process of
starch analysis (Stanley et al., 1993). These results are com-
patible with the findings of (Moharrey and Mahzonieh,
2005). Also, the reason may be attributed to the increased
absorption of nutritional compounds due to the increased
villi width in the duodenum, as observed in our study (Ta-

ble 3). In addition to that, there was a statistically signif-
icant increase in the rate of gaining weight for the fourth
group, particularly in the age of two weeks. Moreover, no
statistically significant differences were found between the
4 groups in the third, fourth and fifth weeks of age as a re-
sult of the halt of the increase in weight. These results were
in agreement with that of (Frankenbach et al., 2001) and
(Kaya and Tuncer, 2009).

Concerning the impact of organic acids upon the amount
of feed consumption and the feed conversion factor, it
seems that there is a slight effect on these two characteris-
tics, as the effect was not statistically significant.

'The morphology of the intestine is reflected through the
chief pointer of standard gut histology (Laudadio et al.,
2012). Findings of the current study illustrated that the
mucosa of the small intestine was projected to an elongat-
ed growth evidenced by finger-shaped villi that was formed
in the duodenum, tongue-like formed in the jejunum and
leaf-like formed in the ileum. Also, the small intestine had
a similar structure of the one observed in chickens (Ahmad
et al., 2012). The present study demonstrated significant
growths (P<0.05) in villi diameters (length and width) of
all parts of the small intestine when maleic and acetic acids
added at a concentration 0.025% in both the second and
the third group respectively and that was more prominant
in group three, compared to control group. This result is in
agreement with the results of Ur Rehman et al. (2016) who
discovered that adding the acetic acid to the feed of broil-
er, resulted in the development of epithelial cells and also
improved the length and the area of the small intestine.
'The length and width diameters of the intestinal villi are
morphometrical keys for growth and absorption capability
(Markovic et al., 2009). Thus, this type of morphological
alteration made in the intestine can have the consequence
of growth and in intestinal absorption level and later the
alteration in the quail performance (Oliveira et al., 2008).
Thus synthetic acidifiers particularly acetic and maleic acid
decrease the growth of numerous intestinal pathogenic
bacteria. So, it declines the inflammation of the mucosa
of the intestine, which increases the villus length and se-
cretory function that ultimately improve digestion and ab-
sorption of the nutrients from mucosa (Iji and Tivey, 1998;

Loddi et al., 2004; Pelicano et al., 2005). For example, the
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growth in villi length can lead to a growth in the whole lu-
minal villus absorption area, which is considered important
for digestive enzymes and greater transportation of nutri-
ents at the villus surface (Tufarelli et al., 2010), but this is
in contrast with the results of present study, as there were
significant decreases (P<0.05) in group 4 in villi length of
duodenum and jejunum; villi width of the jejunum and in
all groups in villi width of ileum and that was evident when
acetic acid alone added at a concentration of 0.025% and
when maleic and acetic acid were added together at a con-
centration of 0.025% and 0.025% respectively, in compar-
ison to the control group. This is in consistent with what
was seen with the chickens that the size and density of villi
along the mucosa of the intestine decreased caudally the
same as the muscular mucosa and the size of the lumen
(Gheisari et al., 2007). Also, the current research conclud-
ed that there were significant increase (P<0.05) in group
4 in the crypt depth of duodenum and jejunum and all
groups in the crypts depth of ileum and that was obvious
in group 3 in comparison to the control group. The efficient
score of the small intestine was distinct by villus length and
crypt depth (Laudadio et al., 2012). So, the results were in
conformity with the ones of (Allahdo et al., 2018), who
observed that chickens, which drank water that includes
2% of vinegar had longer villi, deeper crypt, and thinner
muscular thickness compared to those which drank wa-
ter without additions. The villi and crypts of the absorp-
tive epithelium perform an essential role in the final phase
of nutrient digestion and integration (Wang and Peng,
2008). The depth of the crypt and length of villi could be
considered as helpful indicators for the intestinal mucosa
functionality (Sharma and Schumacher, 2001). This study
also showed improved villi surface area by supplementa-
tion of organic acids. Growing the villi length proposes an
improved surface area that accomplished better absorption
of existing nutrients (Caspary, 1992). Therefore, the use of
synthetic acid decreased intestinal function and microbial
load, thus, reducing inflammatory process at the intestinal
mucosa and this enhanced villi length and the ability of
secretion, digestion, and absorption of nutrients (Khan and
Igbal 2016). Absorption of nutrients and medications is
augmented by the huge surface area that exists in the small
intestine (Kararli, 1995). Changes in intestinal morpholo-
gy can disturb nutrient metabolism capability and produc-
tion (Laudadio et al., 2012). The growth of small intestine
could be judged through the dimensions of the length of
villus, width of villus, crypt depth and the area of the sur-
face that exists for the purpose of digestion and absorption

(Swatson et. al., 2002; Franco et. al., 2006).

CONCLUSION

In conclusion, this study demonstrated that addition of a
mixture of acetic and malic acid can be beneficial for diges-

tion and absorption of nutrients in all parts of the small in-
testine. This is achieved through the improved villi length,
width, depth of the crypt and ultimately the villi surface
area, resulting in increased body weight of quails.
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