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Abstract

Olive cake, sometimes also called spent olive, is a low-energy nutrition source. It possesses various
biological properties that are antioxidant, anti-inflammatory, antimicrobial, and antiviral in property due to its
rich polyphenolic compound content. Mucins can be found in the composition of the mucus that cover the
surface of the gastrointestinal tract. Feed additives can influence the mucin composition, as well as the
height and width of the villi, which are biological appendages tasked to increase the absorption surface in the
small intestinal mucosa. The aim of the present study was to determine the histology of the small intestine in
Japanese quails fed with olive cake. In the study, mixed-sex quails fed with rations containing different
amounts of olive cake were used as the live material. Morphological measurements, Alcian blue/periodic
acid—Schiff, and aldehyde fuchsin/Alcian blue histochemical stains were performed on stomach and small
intestine tissues taken from quails. Significant increases in villus height, villus width, and crypt depth in
duodenum, jejunum, and ileal tissues were determined in control and experimental groups. The increase in
crypt depth was greatest in the ileum. In the jejunal tissue, it was determined that the width of the villus
decreased in groups 1 and 2 but increased in group 3. In the histochemical evaluation, it was determined
that sulphate mucins were intense in the proventriculus, while carboxylic mucins were intense in all three
parts of the small intestine. Considering the physiological functions of mucins, olive cake is thought to play
an important role in the protection of the mucosa in quails.
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Introduction

The use of aromatic plants in poultry nutrition is gradually increasing due to their antioxidant,
antimicrobial, antiviral, antiprotozoal, antidepressive, immunomodulatory, and anti-radiation effects. In addition
to these features, many studies are also reporting the performance enhancing properties of aromatic plants
for farm animals (Bolacali & Irak, 2017; Tufan & Bolacali, 2017).

In Turkey, the use of vegetable production oil industry byproducts (olive cake, hazelnut pulp, sunflower
cake, cottonseed cake, safflower cake, corn gluten meal) to remedy the vegetable protein deficit in poultry
nutrition is becoming ever more prominent (Kutlu & $ahin, 2017). Olive cake is one of the most used aromatic
plant-based feed additives. It is a by-product consisting of the core, skin, and pulp of the olive that remain after
the oil is extracted from it.

Olive cake is a low-energy nutritional source. High oil content after the sieving of the kernel, the
polyphenolic compound-rich structure of the oil, and versatile biological properties of it such as its antioxidant,
antithrombotic, anti-inflammation, hypocholesterolaemic, antimicrobial, and antiviral effects, have all been
demonstrated by various scientific studies (Basmacioglu-Malayoglu & Aktas, 2011). Olive cake has also
become a feed source that has a great potential in increasing the quality of animal products, a property that
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has been emphasized in recent years (Molina-Alcaide & Ruiz, 2008; Cibik, 2014; Ozcan et al., 2020; Ozcan
et al., 2021).

The gastrointestinal tract develops defense mechanisms as it fights against harmful agents such as
pathogenic microorganisms, chemical agents entering from the external environment, along with food and
beverages, and antigens consisting of nutrients, in addition to the normal gastrointestinal flora. One of these
mechanisms is the mucus layer, which has a viscoelastic structure and covers the entirety of the lumen-facing
surface of the system. This layer acts as a barrier against harmful factors in the luminal environment, makes
the surface slick, and also tends to mask some surface antigens (Karakog¢ et al., 2016). Mucus contains
approximately 95% water, fats (such as phospholipids and cholesterol), salts, lysozyme, and proteins that
serve the purpose of defense (such as immunoglobulin and growth factors). High molecular weight mucins are
responsible for the viscoelastic property of mucus. Mucins are secreted by goblet cells in the epithelium
covering the gastrointestinal tract, and by the mucosal glands in the lamina propria of the system (Smirnov et
al., 2006; Karakog et al., 2019). Mucins are divided into two groups as neutral and acid mucins. Acid mucins
are also divided into two subgroups as sulfated (sulfomucin) and carboxylated (sialomucin) mucins (Erdodan
& Sagsoz, 2018).

The efficiency of the barrier function of the gastrointestinal epithelium is determined by the genetic
characteristics of the host, and by the microbiota composition of the environment. A normal microbiota is based
on a balance between bacterial populations. The dynamic between the mucus layer, epithelial cells, microbiota,
and the immune system plays a key role for the barrier function of the intestinal mucosa (Kuter at al., 2020).
Feeds and feed additives have an effect on the mucin composition, as well as on the height and width of the
villi, which are formed to increase the absorption surface in the small intestinal mucosa. Feeds and additives
also influence the crypt depths (Sur et al., 2017).

The aim of the present study was to determine the histology of the small intestine in Japanese quails
fed with olive cake, as well as to investigate the presence and possible changes in mucin in their stomach and
intestines. This investigation is based on the hypothesis that antioxidant, anti-inflammatory, antimicrobial, and
antiviral properties of olive cake (which is frequently used as a feed additive in quails) might influence their
mucin composition.

Material and Methods

The study was carried out according to the animal experiments manual of the Siirt University Animal
Experiments Local Ethics Committee (Protocol no: 2020-05). In the study, 40 one-day-old, mixed sex
Japanese quail (Coturnix japonica) chicks obtained from Siirt University Wildlife Research and Application
Center were used as animal material. Chicks were grouped with 10 members in each group as follows: the
control group, 0.25% olive cake (Group 1), 0.50% olive cake (Group 2) and 0.75% olive cake (Group 3). The
olive cake used as a feed additive in the research was obtained from a commercial company selling ground
olive cake. Quails were fed with a ration (control group) whose nutrient contents were prepared in accordance
with NRC (1994) between days 1-42 (Table 1). No feed additives were added to the ration of the control group,
while 0.25%, 0.50% and 0.75% olive cake was added to the other three groups, respectively. Quails were
placed in cages with dimensions of 96 x 46 x 25 cm. During the first week the coop temperature was kept at
32-34 °C. The temperature was gradually reduced every day beginning from the fourth day of the study and
was stabilized at 21 °C. A 24-hour lighting program was implemented by daylight and artificial lighting systems
in the coop environment. The research was continued for 42 days. Feed and water were provided ad libitum.

After 42 days, proventriculus, duodenum, jejunum, and ileum tissue samples were taken from
decapitated animals. Tissue samples were fixed with alcoholic formalin for 18 h, passed through a graded
series of ethanol, methyl benzoate, and benzene, and then embedded in paraffin wax. Serial sections of 5 ym
thickness were taken from the prepared paraffin blocks. Crossman's Triple staining was applied to determine
the general structure and the presence of any pathological conditions in the gastrointestinal tract. Periodic
acid—Schiff-Alcian Blue (PAS-AB) (pH 2.5) was applied to the preparations to determine neutral and acid mucin
in glands, and aldehyde fuchsin-Alcian blue (pH 2.5) (AF-AB) stains were applied to determine carboxylated
and sulfated acid mucins (Bancroft & Cook 1984).

Once stained, the preparations were examined, evaluated, and photographed under a research
microscope with a Nikon-Eclipse 400 DSRI Nikon digital camera (NIS Elements Imaging Software-version
3.10) attachment.

Measurements were made on the villi from different parts of each animal. Villus length, villus thickness,
and crypt depth were measured in the intestines. The villi heights were measured as the length from the apex
of the villi to the starting point of the crypts, while the crypt depths were evaluated as the distance from the
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point where the invagination began in the region between the villi to the end of the Lieberkihn glands. Villus
widths were obtained by measurements made from the widest region of the villi (Figure 1) (Sur et al., 2017).

Histochemical staining was performed semi-quantitatively using the intensity score method. In the
intensity score, staining intensities in the cells were evaluated as no staining (-), weak staining (+), moderate
staining (++), and strong staining (+++) (Erdogan et al., 2012; Sagsoz et al., 2013).

The data were subjected to a completely randomized design of the analysis of variance using the
General Linear Models procedure of the SPSS 20.0 statistical program. Significant differences were
determined using a Duncan's multiple range test at the level of P <0.05. A Kruskal-Wallis variance analysis
test was applied to the intestinal measurements. The raw data were analyzed using the Bonferroni-corrected
Mann Whitney U-test thereafter. P-values <0.05 were considered statistically significant.

Table 1 Ingredient composition and analyzed content of nutrients of diets used in the trial

Diet
Starter Grower
Ingredient (g kg™)
Yellow corn 450.0 527.8
Wheat 83.1 90.0
Vegetable oil 30.0 10.0
Soybean meal (48% CP) 300.0 270.0
Fish meal (64% CP) 35.0 -
Sunflower meal (32% CP) 80.0 70.0
Limestone 9.5 12.5
Vitamin and mineral premix* 2.5 2.5
Salt 35 3.5
DCP 4.1 13.5
Antioxidant 0.8 -
DL-methionine - 0.2
L-threonine 15 -
Nutritional content (g kg™)

Dry matter 900.5 898.3
Metabolic energy (kcal kg*)? 3,005 2,905
Crude protein 239.0 200.0
Crude fat 46.0 28.0
Crude fiber 44.2 44.5
Crude ash 56.2 61.0
Calcium 8.2 9.2
P 3.7 3.8
Na 2.0 1.8
Cl 2.8 2.6
Methionine + cysteine 8.5 7.1
Lysine 13.0 10.3
Threonine 10.6 7.6
Tryptophan 3.1 2.7

CP, crude protein.

1 Supplied the following per kilogram of diet: 13,000 IU vitamin A; 3,500 IU vitamin D3; 100 mg vitamin E; 3 mg vitamin K3;
3 mg vitamin B1; 8 mg vitamin B2; 6 mg vitamin B6; 30 mg vitamin B12; 30 mg niacin; 8 mg calcium-D-pantothenate; 2
mg folic acid; 70 mg vitamin C; 70 mg D-biotin; 200 mg choline chloride; 2 mg canthaxanthin; 0.75 mg apo carotenoic acid
ester; 120 mg Mn; 100 mg Zn; 90 mg Fe; 16 mg Cu;1.5 mg I; 0.75 mg Co; 0.30 mg Se

2 Calculated according to NRC (1977) table values
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Figure 1 A section of duodenal tissue of an animal belonging to the control group. a: villus height, b: villus width, c: crypts
depth, Crossman’s triple, Bar: 25 ym

Results and Discussion

The villus heights, villus widths, and crypt depths of the small intestine histologies of Japanese quails
fed with rations supplemented with different proportions of olive cake are given in Table 2.
Increases occurred in villus height in duodenal, jejunal, and ileal tissue of the animals in the experimental
groups, depending on the ratio of olive cake added to the ration (P <0.05).
Increases occurred in villus width in duodenal, jejunal, and ileal tissue of the animals in the groups depending
on the ratio of olive cake added to the ration (P <0.05). In the jejunal tissue, it was determined that the width
of the villus decreased in groups 1 and 2 but increased in group 3. However, this increase was found to be
statistically insignificant (P >0.05).
It was determined that increases were caused in villus height in duodenal, jejunal, and ileal tissues of the
animals in the groups depending on the ratio of olive cake added to the ration (P <0.05). It was determined
that the increase in the crypt depth occurred mostly in the ileal tissue.

Table 2 Villus height, villus width, and crypt depth in duodenal, jejunal, and ileal tissue (X + SE)

Duodenum Jejenum ileum
Villus Villus Crypts Villus Villus Crypts Villus Villus Crypts
Groups  height Width depth height Width depth height Width depth
(um) (um) (um) (Um) pm) (Um) (Um) (Um) (Um)

Control ~ 5784,70° 878,402 603,402 2233,40° 599,90 349,902 2266,80° 555,20° 370,402
+439,72  +45,76 +40,27 +157,16 +58,89 +20,45 219,75 +23,16  +25,61
Group1l 6275,40° 1079,80° 614,80° 2269,80° 595,40 360,10° 2709,60* 688,10° 478,40°
+364,58  +42,02 +31,57 +112,14  +49,01 +13,40 244,42 +42,87  +39,96
Group2 5716,80° 999,60° 622,70° 2208,50° 599,10 367,60° 2929,50° 603,20 443,50°
+139,38 52,15 +20,68 +81,20 +28,99 +30,20 234,98 50,90 +25,06
Group 3 8748,30*° 1104.90° 691,10¢ 2681,40* 596,90 389,90° 2892,80° 677,70° 514,80¢
+239,74 27,49 +29,96 +210,62 +46,97 +25,60 221,12 +35,33  +19,37

a-d: Differences between groups with different letters in the same column are statistically different (P <0.05)

In the histological evaluation, it was determined that mucins were regionally expressed in the
proventriculus and all parts of the small intestine, in both control and experimental groups. Expression in the
proventriculus was determined to be located in the cells especially in luminal gastric glands (gll.
Proventricularis superficialis), and in the deep proventriculus glands of the submucosa and lamina propria (gll.
Proventricularis profundum). In the small intestines, mucin expression was determined in goblet cells in the
mucosa, and in the deep tubular glands and ducts.

In PAS/AB (pH 2.5) staining, both PAS (+) and mixed staining cells were determined in the corpus
glandule and ducts of the luminal and deep glands in the proventriculus. It was revealed that the glands on the
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surface showed strong AB (+), while the deep glands showed a weak reaction. It was also revealed that PAS
(+) reacting cells showed an intense reaction in luminal glands and a weak reaction in deep glands. Another
revelation was that, especially goblet cells in the duodenum showed strong AB (+) and weak PAS (+) reactions.
In the jejunum and ileum, although goblet cells gave a strong AB (+) reaction as in the duodenum, the PAS (+)
reaction was found to be moderate. Findings were similar in both control and experimental groups (Table 3,

Figure 2).

It was determined by AF/AB (pH 2.5) staining that the AF reaction in the proventriculus was localized
in both luminal and deep glandular epithelial cells and the reaction was strong. AB (+) reaction was found to
be weak. In contrast to the proventriculus, the AB (+) reaction was strong, and the AF (+) reaction was weak
in goblet cells in the duodenum, jejunum, and ileum. Findings were similar in both control and experimental
groups (Table 3, Figure 3).

Table 3 Histochemical reactions in secretory cells in the gastrointestinal tract

Regions
Proventriculus
Duodenum
Jejenum

fleum

Control

+++M
+PAS

+++M
+PAS
+++M
++PAS
+++M
++PAS

PAS/AB (pH 2.5)

Group 1

+++M
+PAS

+++M
+PAS
+++M
++PAS
+++M
++PAS

Group 2

+++M
+PAS

+++M
+PAS
+++M
+PAS
+++M
+PAS

Group 3

+++M
+PAS

+++M
+PAS
+++M
+PAS
+++M
+PAS

Control

+++AF
+AB

+++AF
+AB
+++AF
+AB
+++AF
+AB

AF/AB (pH 2.5)
Group1l  Group 2
+++AF +++AF
+AB +AB
+++AF +++AF
+AB +AB
+++AF +++AF
+AB +AB
+++AF +++AF
+AB +AB

Group 3

+++AF
+AB

+++AF
+AB
+++AF
+AB
+++AF
+AB

AB = Alcian blue; AF = aldehyde fuchsin; M = mix reaction; + = weak; ++ = intermediate; +++ = strong
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Figure 2 Mucin profile is located in the proventriculus and regions of small intestine (PAS-AB staining). Red arrow: mixed
mucin and sulphate mucin in goblet cells, black arrow: carboxylated mucin in goblet cells, Bar: (E,l) 25 pm, (B,C,D,G,P)
50 pum, (A,F,H,J,K,L,M,N,O) 100 pm.
L: lumen, ml: muscular layer, C: crypts (gll. intestinalis), vi: villi intestinalis, gps: glandula proventricularis superfacialis, gpp:
glandula proventricularis profundum
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Figure 3 Mucin profile in located in the proventriculus and regions of small intestine (AF-AB staining). Red arrow: sulphate
mucin in goblet cells, black arrow: carboxylated mucin in goblet cells, Bar: (I,M,P) 25 um, (A,C,E,H,O0) 50 pm,
(B,D,F,G,J,K,L,N) 100 pm.

L: lumen, ml: muscular layer, C: crypts (gll. intestinalis), vi: villi intestinalis, gps: glandula proventricularis superfacialis, gpp:
glandula proventricularis profundum

The development of intestinal villi is dependent on the intake of nutrients. The absorption of ingested
nutrients depends on the functional capacity of the villi. Crypts are sites where epithelial cell proliferation
occurs. Consequently, crypt development directly affects villi development and the intestinal absorptive
surface. Studies have shown that feed additives introduced to the ration of poultry animals in order to increase
feed efficiency can result in increases in the villi heights and crypt depths in the small intestines (Shafey et al.,
2013; Hassan et al., 2014; Shiraze et al., 2017; Sur et al., 2017).

In a study investigating the effects of organic mixtures containing acid and essential oils in broiler
nutrition, it was reported that significant differences were observed in villus height and crypt depth in other
groups compared to the control group (Stamilla et al., 2020). Shiraze et al. (2017) reported in their study on
broiler chickens that olive leaves added to the ration at different rates caused an increase in villus height, villus
width, and crypt depth in the small intestines. In the present study, it was determined that, depending on the
ratio of olive pulp added to the rations, significant increases occurred in villus height in duodenum, jejunum,
and ileum tissues of the animals in the experimental groups (Table 2, P <0.05).

Saki et al. (2017) reported that another property that influences the absorptive level in the intestines is
the width of the villi. In the present study, it was determined that depending on the ratios of olive pulp added
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to the rations, significant increases in villus width in duodenal and ileal tissues were observed in the birds in
the groups (Table 2, P <0.05). It was determined that there was no significant increase in villus width in the
jejunal region (P >0.05).

Sur et al. (2017) reported in their study that the increase in the depth of the crypts is an indicator of
the cell renewal rate in the intestinal epithelium, and deep crypts also mean long villi. The ileal
histomorphometry showed that crypt depth and the villus height to crypt depth ratio in groups that received
2.5% and 5% olive oil “decreased” and “increased” respectively, compared to the control group (P <0.05)
(Soroush et al., 2020). In the current study, it was determined that, depending on the ratio of olive cake added
to the ration, a significant increase in crypt depth occurred in all three parts of the small intestine (Table 2, P
<0.05). It was determined that the most affected part of the intestine was the ileum, the magnitude of change
being depending on the amount of olive cake added.

Many studies have been conducted on the composition and expression of mucins located in the
stomach and intestines of humans, mammals, and other species (Schumacher et al., 2004; Senol et al., 2014;
Godwin et al., 2016; Karakog et al., 2016; Vila et al., 2018; Karakog et al., 2019). It has been revealed in these
studies that mucins are found in the lamina propria in the stomach and in the gland epithelial cells and goblet
cells in the intestines. Studies have shown that acidic, neutral, and sulphated mucins exist in the stomach
(Hassa et al., 1976), and neutral, acidic, and mixed mucins exist in the intestines (Godwin et al., 2016; Nasser
& Khaleel, 2021) of various poultry. In the present study, as in other species, neutral, acid, and mixed mucins
were detected in the proventriculus and small intestine of Japanese quails.

Karakog et al. (2016) reported in their study on adult rams that, while neutral mucins on the surface
and strong sulphated mucins in the deeper tissues are dense in the abomasum, carboxylic mucins are sparse.
Senol et al. (2014) reported in their study on different vertebrate species that sulphate mucins were found
intensively in the submucosa and lamina propria glands in the proventriculus of quails.

In the present study, it was determined that mixed mucins in the Japanese quail proventriculus were
weak in the luminal glands and intense in the deep glands, while sulphated mucins were intense in the luminal
glands and weak in the deep glands. In addition, carboxylic acid mucins stained weakly in the proventriculus.
It was determined that there were no changes in the composition and expression of mucins synthesized in
either of the control or experimental groups.

Godwin et al. (2016) reported in their study on crow small intestines that there were mixed mucins in
the crypts of Lieberkiihn and goblet cells in the duodenum, ileum, and jejunum. Nasser & Khaleel (2021)
reported in their study on adult male turkeys that the presence of both neutral and acidic mucins was revealed
in the crypts of Lieberkilhn and goblet cells in the duodenum, ileum, and jejunum. Simsek et al. (2012)
investigated the effects of various feed additives on mucin in the small intestine of quails and observed that
acidic and neutral mucins were found in goblet cells in the duodenum and ileum. In the present study, it was
determined that mixed, neutral, and acidic mucins were found in all three parts of the small intestine, where
carboxylated acidic mucins stained intensely, and sulphated acidic mucins stained weakly. Neutral mucins
were found to be more concentrated in the ileum and jejunum. It was determined that there was no difference
in the composition and density of the mucins synthesized in both the control and experimental groups.

Conclusion

It is known that the feed additives that are introduced to the ration of poultry in order to increase feed
efficiency work in different pathways to provide the targeted benefit. The basis of these pathways is the small
intestine and its mechanism of absorption. It is an important indicator of the efficiency of an additive that the
villi and crypt structures are positively affected in the small intestines to increase the absorption and utilization
of nutrients.

In this study, the effects of olive cake added to the ration in different proportions on the histology of
the small intestine of quails were investigated. In the histological and statistical evaluations made with the
results obtained, it was determined that olive pulp had positive effects on the parameters that lead to an
increase in absorption. In addition, it was determined that mucins were expressed in different intensities in the
stomach and small intestines of quails, as in other species. It was determined in the histochemical evaluation
that sulphate mucins were intense in the proventriculus, and carboxylic mucins were intense in all three parts
of the small intestine. Considering the physiological functions of mucins, they are thought to play an important
role in the protection of the mucosa in Japanese quails. More studies are needed, both histomorphologically
and histochemically, on feed additives, which have an important place in poultry nutrition.
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