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Abstract: This study aimed at evaluating the effect of acidifying additives as formic and
propionic acids on weight gain and on small intestinal macroscopic, microscopic and SEM
morphology in ducks. A total of 30 Mulard ducklings were used in this study and they
were randomly assigned to control (given standard commercial duck diets with no acidi-
fiers added), 1% acidifiers added to the standard diet or 2% acidifiers added to the stand-
ard diet. After rearing the ducks for 52 days, their weight was recorded and then the length
of the different parts of the small intestine was measured. Then, samples were taken for
histological and scanning electron microscopical (SEM) examination of the small intes-
tine. The present results found that addition of acidifying mixture to the diet significantly
improved duck’s weight (P<0.05), also there were significant changes in length, histology
and SEM characteristics of the small intestine between different duck groups. The ob-
served effects were dose dependent, i.e. with more organic acids in the diet, the more
the changes were noticeable. Our results indicate that, the addition of organic acids to
duck’s diet increased small intestine’s length and increased the length of intestinal villi,
possibly resulting in more surface area for digestion and absorption of the diet, and, there-
fore, greatly improved the final body weight of the study ducks.
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Other alternatives are currently still being

Intr ion ied i '
troductio studied in poultry industry and one modern

Poultry meat is a good source of proteins and
other valuable nutrients for human consump-
tion, and it is considered an essential supply to
meet the growing human population. The unsu-
pervised use of antibiotics in poultry industry is
still a serious problem and it poses great risks to
human health; when improperly used as growth
promotors. Antibiotics use as growth promotors
is illegal now in Europe, since the European
Union has banned their use in 2006.
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feeding strategy is changing the pH of the diet
through addition of acidifying substances; as
organic acids. These acids will slightly change
the pH of the intestine, and also has direct anti-
bacterial effects (1-3). So, it will reduce the in-
testinal bacterial load, improve production and
eliminate the need for antibiotics use as growth
promotors. Several commercial mixtures of or-
ganic acids and inorganic acids are currently in
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the market in the European Union as better re-
placements to growth promoting antibiotics.

Being acids, organic acids improve the di-
gestibility of dietary proteins and amino acids
in the stomach, by enhancing the digestion of
proteins (4). In addition, they improve the utili-
zation of feed and result in better feed conver-
sion and growth rates. Moreover, an additional
advantage of organic acids is their use in the
preservation of broiler feed stuff (5). Therefore,
the addition of organic acids to the feed ingre-
dients preserves its properties for longer time,
result in better growth in reared poultry and in-
crease the profitability for poultry producers.

In fact, the addition of acidifying substances
was described previously in poultry; to control
infections such as campylobacter or to improve
the weight gain of reared poultry. Several acids
were used, such as, lactic acid in the drinking
water (1), organic acids in drinking water (6),
formic acid in feed (7) along with other addi-
tives reviewed in (8). Their use resulted in im-
proved weight gain in poultry, because these or-
ganic acids enhance diet’s protein and energy
use and reduce microbial competition for these
nutrients in bird’s intestine (reviewed in (3)).
Moreover, the addition of these acidifying sub-
stances was not harmful and did not cause dam-
age in the intestinal epithelium, on the contrary
it increased chicken-flock’s biosecurity and
prevented infections that could be harmful to
human consumers (6, 9). In humans, dietary ad-
ditives or high fat diets were also described to
change intestinal adaptation and enhanced the
growth of the intestinal villi after removal of
parts of the bowl in resection operations (10),
and it could be a useful strategy in treating hu-
mans with short gut syndrome (11-13).

The possible macroscopic and microscopic
changes to the intestine and intestinal villi upon
feeding acidified diets has not been studied in
detail in ducks. Therefore, the present study
aimed at studying the small intestine’s mor-
phology, histology and scanning electron mi-
croscopy in response to feeding acidified diets
(through addition of organic acids to the stand-
ard diet) in ducks.

Material and methods

All procedures in the study were following
animal care and use committee of the Faculty of
Veterinary Medicine, Zagazig University.

Birds and study design

Mulard Ducklings (n = 30); a sterile breed of
domestic ducks raised for meat production and
is a hybrid between male Muscovy (Cairina
moschata) and female Pekin (Anas platyrhyn-
chos domestica) ducks, were purchased from a
commercial duck hatchery. Upon arrival, the
ducklings were weighed and randomly assigned
to one of three groups (each group contained 10
ducklings) and reared for 52 days in Bird Nutri-
tion Research Unit (Nutrition and Clinical Nu-
trition Department, Faculty of Veterinary Med-
icine, Zagazig University).

Ducklings feeding program consisted of
standard starter diet (up to 21 days) and finisher
diet (22-52 days). A commercial acidifier mix-
ture was purchased, and it contained mainly for-
mic acid and propionic acid. The three study
groups received no (Control), 1% acidifier mix-
ture in diet (1AM) or 2% acidifier mixture in
diet (2AM). No forced feeding was done in this
study and ducks had free access to water. After
completing the rearing period, all ducks were
weighed and then slaughtered, and samples
were taken immediately.

Gross anatomical examination

Directly after slaughtering the study ducks,
the intestine was removed and visually in-
spected for any apparent differences, then care-
fully straightened so the length of each small in-
testine segment (duodenum, jejunum and il-
eum) was easily measured. Duodenum was de-
fined starting from its beginning after the giz-
zard (ventriculus) till the beginning of the
mesojejunum (the jejunal mesentery), the jeju-
num was measured from the end of the duode-
num till the end of the mesojejunum, while the
ileum was measured from the end of the meso-
jejunum till the junction between the ileum and
the two ceca. Also, the length of the two ceca
(part of the large intestine) was recorded.
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Histological examination

After performing the anatomical examina-
tion, samples from the middle of each part of
the small intestine was taken, emptied from its
contents by flushing with warm physiological
saline solution and, then, immediately fixed in
freshly prepared 10% neutral buffered formalin
solution for at least 48 hours. Care was taken to
obtain the samples from the same region in all
study ducks. Afterwards, standard histological
procedure was performed (dehydration in as-
cending grades of alcohol, clearing in xylene
and embedding in paraffin wax). Finally, 5 pm
sections were obtained, mounted, stained with
Hematoxylin and Eosin stain (H&E) and exam-
ined under light microscopy.

The general structure (mucosa, submucosa
and muscular layer) of each part of the small in-
testine was examined and the height (including
the crypt of Lieberkiihn) and width of the intes-
tinal villi, and the thickness of the muscularis
mucosa were measured using S-view computer
software provided with the microscope camera
(EHC10, S-VIEW Technology Co., Ltd,
Zhejiang, China).

Scanning Electron Microscopy

For the Scanning Electron Microscopy
(SEM), a two cm long intestine sample (from
the part next to the samples obtained for histo-
logical examination) was cut open longitudi-
nally, the cut was made very carefully not to
touch the intestinal mucosa, and the mucosa
was washed again with warm phosphate buff-
ered saline. The SEM procedure followed pre-
viously published protocols for birds (14, 15).
Briefly, the samples were immersed in 3% glu-
taraldehyde (in 0.1M cacodylate buffer, pH 7.4)
at room temperature and transported to the
SEM unit (Al-Azhar University, Cairo, Egypt).
Then, the samples were cut into smaller pieces
(approx. 5 mm?) with sharp razor blades and
fixed for an additional one hour in the same
buffer. Then, the pieces were washed with 0.1M
sodium cacodylate buffer (pH 7.4) and post-
fixed with 1% osmium tetroxide (in ice-cold
0.1M sodium cacodylate buffer, pH 7.4) for two
hours. Afterwards, the samples were washed

with pure distilled water and dehydrated in as-
cending concentration of ethanol (50% to
100%, 2 times in each concentration for at least
20 min each). following this, the samples were
critical point dried using liquid carbon dioxide
(Autosamdri®-815, Tousimis,  Maryland,
USA), mounted on aluminum stubs with elec-
trically conducting carbon mounting tabs and
finally sputter-coated (SPI-Module™ Sputter
Coater, Pennsylvania, USA). The arrangement
of the villi and their surface epithelium were ob-
served using JOEL scanning electron micro-
scope (JSM-5500LV, JEOL Ltd., Tokyo, Ja-
pan) at 17-20 kV accelerating voltage.

Statistical analyses

The data collected was evaluated using
ANOVA procedure, post hoc comparisons
were applied, whenever appropriate, using
Tukey’s HSD test. All statistical procedures
were performed using PASW statistics v.18
(SPSS Inc., USA). Statistical significance was
considered at P < 0.05.

Results

Effects of acidifying mixtures on duck’s fi-
nal body weight

The addition of acidifying mixture to duck’s
diet (starter and finisher), greatly improved the
final body weight of the ducks during the 52
days study period (P<0.05, Table 1). With high-
est duck’s weight obtained in the group sup-
plied with 2% organic acids, followed by 1%
organic acids, and the least weight belonged to
duck’s that did not have organic acids in their
diets.

Gross anatomical findings

After measuring the length of the different
parts of the small intestine (duodenum, jejunum
and ileum), the addition of acidifying mixtures
(1% or 2%) resulted in longer duodenum, jeju-
num, ileum and ceca compared to the control
group with no additives (P<0.05, Table 1). In
addition, only in the ileum, the 2% acids mix-
ture resulted in significant longer intestinal
length than in the 1% group (P<0.05).
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Histological findings

The addition of organic acids to the duck’s
diet resulted in significantly different length of
duodenal, jejunal and ileal villi (P<0.05, Table
1). The shape and arrangement of the intestinal
villi in duodenum, jejunum and ileum were also
microscopically changed at 40X (Plate 1). At
higher magnifications (100X, plate 1, and
400X, not shown) there were no observable dif-
ference in the lamina propria or the Crypts of

Lieberkiihn with H&E stain. The addition of or-
ganic acids to the diet increased villus length
(P<0.05) and the villi were less wide than in
ducks fed no organic acids in their diets. The
longest and thinnest duodenal villi were ob-
served in the 1% group, while the longest and
thinnest jejunal and ileal villi were observed in
the 2% group (Table 1). The intervillous space
was similar in duodenum in all groups, and it
was wider in the 1% and 2% groups compared
to the control group with no additives in their
diet (Plate 1, Figs. H, K, I, L, N, Q, O and R).

Table 1: Showing the final body weight, length of different parts of the small intestine (including villus
length, width and muscularis thickness) and length of the ceca of studied Mulard ducks given no (control),

1% organic acids or 2% organic acids in their diets

1% organic acids in 2% organic acids in

Final body weight (gm)
Duodenum length (cm)
Jejunum length (cm)

lleum length (cm)

Cecum length (cm)
Duodenum villus height (um)
Jejunum villus height (um)
Ileum villus height (um)
Duodenum villus width (pm)
Jejunum villus width (um)

Ileum villus width (um)

Duodenum muscularis thickness (um)
Jejunum muscularis thickness (um)

Ileum muscularis thickness (pm)

Control diet diet
24079621 © 26908423 1 2895£93.39 @

2042585 333342172 34,672,262
08.33:5.89 112.3346.38 2 116.3328.71 2
22.33+£3.20°¢ 26.67+4.36°" 30.33+£5.212
9.67+1.45 b 12.6741.33 2 13.3341.672

1184.33 £98.52 "
883.00 £84.21 ¢
393.00 £40.05 ©
145.00 £15.89 2
225.44 £49.02 @
176.00 £18.69 2
469.67 £91.31 2
319.50 £58.52 0

233.50£25.32°

1613.00 +131.552
863.25+110.98 P
671.88 £107.03 °
116.89 +£39.68 ©
206.00 +£38.05 ©
162.00 £16.81 °
419.80 £32.91 °
347.67 £54.38 @

254.33 £28.08 2

1579.75 £82.45 @
901.00 £174.27 2
797.43 £97.03 @
134.83 £16.52°
171.67 £16.50 ¢
143.71 £21.41°¢
373.83 £75.77 ¢
364.00 £46.25 @

258.33 £39.55¢2

Different superscript letters denote statistical significance (P<0.05). Values shown as mean =+ standard deviation
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Scanning Electron Microscopical findings

Results of the scanning electron microscopy
showed the differences in shape and arrange-
ment of the villi in different parts of the duck’s
small intestine in response to acidified diets
(shown in Plates 2, 3, 4). Compared to the con-
trol group the duodenal villi were thinner, more
abundant and interwoven between each other in
the 1% group (Plate 2, Fig. D). While, in the 2%
group they appeared thin, taller and less abun-
dant (Plate 2, Fig. G). At higher magnifications
(800X and 1500X) there were no obvious dif-
ferences in the surface at the tip or sides of the
duodenal villi between the study groups (Plate
2, Figs. B, C, E, F, H, I). In case of the jejunum,
differences were more difficult to be noticed

with the SEM (Plate 3). Only the sides of jeju-
nal villi in the 2% group showed corrugations
(Plate 3, Fig. H), these were less prominent in
the 1% group and difficult to be observed in the
control group. Differences in the ileum, be-
tween groups, were more pronounced than in
the duodenum or jejunum. The 2% group
showed more numerous ileal villi which are
thinner and intermingled (Plate 4, Fig. G) with
fairly corrugated sides at higher magnification
(Plate 4, Fig. H). Whereas in the 1% group the
ileal villi appeared less numerous than the 2%
group and showed corrugated sides at higher
magnification (Plate 4, Figs. D & E). At higher
magnification (>1500X) the surface of the ileal
villi in different groups showed no obvious dif-
ferences (Plate 4, Figs. C, F, I).

wx Duodenum ., wx Jejunum o, ax  lleum 5%
/ B ] \ [» JE
- ; . 2 7 e
. i /

A

Plate 1: Photomicrographs A-R, showing the H&E sections of duodenum, jejunum and ileum in the study
groups given no (Control), 1% organic acids (1% OA) or 2% organic acids (2% OA\) in their diet for 52
days. Different length and arrangement of intestinal villi were noticed in response to the organic acids’
administration is evident at 40X and 100X magnification
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Discussion

Knowledge on duck’s intestinal macro and
microscopic anatomy is much less than the
chicken in the literature, so far it has been given
less attention. The histochemical developmen-
tal changes of the small intestine in ducks was
described for the first time in 2011 (16). We
here showed normal macroscopic and micro-
scopic anatomy of the adult duck’s small intes-
tine, and possible changes that could arise from
using modern feed additives; such as organic
acids.

The present results showed that with chang-
ing the acidity of the diet, by incorporation of
organic acids, the ducks weight improved (Ta-
ble 1) while their feed intake was not changed
significantly (data not shown). Similar im-
provements were detected in Aigamo ducks fed
bamboo charcoal with vinegar (17) or natural

Duodenum
1% OA

2% OA

zeolite including plant extract (18), in chicken
fed organic acids (4) and pigs fed organic acids,
reviewed in (19). Whilst, some studies in
broiler chickens didn’t find changes in final
body weight; mainly because feed intake was
not calculated and no normalization of bird’s
weight to its feed intake was done (6) or due to
the use of single organic acid at a much lower
concentration in the diet (7).

No damage was observed in the epithelium
of the villi by SEM, nor visual differences was
found, this underlines the safety of using up to
2% organic acids in the diet of ducks without
causing any adverse effects. In chicken, organic
acids use was also found to be safe on the intes-
tine and did not cause damage to the villi (6).

Plate 2: Photomicrographs A-I, showing the SEM scans of duodenum in the study groups given no (Con-
trol), 1% organic acids (1% OA) or 2% organic acids (2% OA\) in their diet for 52 days. Different arrange-
ment of intestinal villi was noticed in response to the organic acids’ administration were noticed
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Jejunum

Plate 3: Photomicrographs A-I, showing the SEM scans of jejunum in the study groups given no (Control),
1% organic acids (1% OA) or 2% organic acids (2% OA) in their diet for 52 days. Different arrangement
of intestinal villi was noticed in response to the organic acids’ administration were noticed

Ileum

1% OA

2% OA
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Plate 4: Photomicrographs A-1, showing the SEM scans of ileum in the study groups given no (Control),
1% organic acids (1% OA) or 2% organic acids (2% OA) in their diet for 52 days. Different arrangement
of intestinal villi was noticed in response to the organic acids’ administration were noticed
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The length of the intestine in ducks, and
poultry in general, is directly proportional to the
absorption and utilization of digested feed (20).
Consequently, our results showed that by add-
ing organic acids in duck’s diet, longer intestine
with longer villi were obtained which resulted
in substantially increasing the surface area of
absorption, and therefore, increased feed utili-
zation with achieving higher final body weight.
Longer intestinal villi with organic acids ad-
ministration were also recently reported in
broiler chickens (4).

The ileum in poultry; ducks is no exception,
has a characteristic ileal digestion (21), it was
described to increase with addition of a single
organic acid to the diet (7). The current results
showed longer ileum and ileal villi with more
organic acids in the diet, which implies that the
utilization of feed is at its maximum, and this
was reflected on the weight of reared ducks; as
observed in our 2% organic acids group com-
pared to the other groups. In addition, a higher
dose of organic acids ensures that their favora-
ble effects reach to the jejunum and ileum, thus
guaranteeing maximum benefit from its actions
throughout most of the small intestine; similar
observations were previously reported in pigs
(19).

From our results, the 2% group ducks had
the highest final body weight and this group had
longer duodenum, jejunum and ileum, also with
longer villi, than the remaining groups. Alt-
hough, it is difficult in this study to clearly de-
termine whether the body weight was increased
due to longer intestinal parts or the longer intes-
tinal parts are a consequence to higher body
weight, either ways the result is higher duck’s
weight and thus profitability in duck farming.
In the 1% group these findings were also pre-
sent but to a lower extent compared to the 2%
group. This also highlights that the observed
weight improvement and histomorphological
changes in this study are dose dependent.

The arrangement of the villi was also differ-
ent between groups with addition of organic ac-
ids to the diet. In the duodenum the villi became
interwoven or zigzag-like and it was difficult to
obtain a single straight villus in the H&E sec-
tion (Plate 1, Figs. B & E) this was very clear

with the 1% group and less clear in the 2%
group compared to control ducks. While in the
SEM the 2% group showed zigzag arrangement
of jejunal villi (Plate 3, Fig. G). This could
mean that different concentrations of organic
acids can change the intestinal morphology.
This interwoven or zigzag pattern of villus ar-
rangement was mentioned in broiler chickens
after giving organic acids in their diet (4); how-
ever, the authors failed to show any pictures of
such arrangement in the published paper. The
interwoven or zigzag arrangement of intestinal
villi reported in the present study and in others
suggests a more efficient nutrient absorption; as
nutrients will have more contact time with the
intestinal villi epithelium (22). Possible expla-
nation to these changes in the arrangement of
the villi could be due to either increased villus
length (as seen in the present H&E results) or
changes in the number of villi per square cm of
intestine (as seen in the present SEM results).
This was evident in both H&E stained sections
and SEM images of the different intestinal
parts; however, the exact mechanism needs fur-
ther investigation.

It has been previously noticed that the intes-
tinal villi shape and length changed in response
to feed additives. For example, changes in vil-
lus height and cell mitosis rate was seen in re-
sponse to dietary bamboo charcoal with vinegar
(17) and to dietary natural zeolite including
plant extract (18) in Aigamo ducks. Also, simi-
lar intestinal villi changes were seen in broiler
chickens in response to addition of formic acid
(7, 23), organic acid salts (24), organic acids (4)
and aflatoxins (25) in their diet. In addition,
similar differences were observed by compar-
ing village chickens to commercial broilers in
Malaysia (26).

Finally, from the previous studies and our re-
sults, one can hypothesize that any changes or
even small amounts of additives to bird’s diet
can greatly alter the intestinal length and villus
morphology. An important question could arise
from this point, as changing a single constituent
of the diet (addition of organic acids or simply
changing the pH of the diet) caused changes in
intestine’s anatomy, histology and SEM within
the same animal species. Therefore, could the
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anatomical differences in the digestive system
(macro and microscopic anatomy) between dif-
ferent species of birds be attributed to its feed
habits rather than species-related differences?
Answers to this question are unavailable in the
literature and this needs further investigation.

Conclusions

The present results indicate that the addition
of up to 2% organic acids to duck’s diet in-
creased small intestine’s length and increased
the length of intestinal villi without adverse ef-
fects on their microscopic structure. This evi-
dently led to larger surface area for digestion
and absorption of the feed, and, therefore,
greatly improved the final body weight of the
study ducks. It is, therefore, recommended to
use 2% organic acids in duck’s diet.
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