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ABSTRACT

This study was performed to evaluate the effects of substituting corn grain by reconstituted or un-
reconstituted sorghum grain on small intestine morphometry in Japanese quails. Seven hundred day-old
unsexed quail chicks were fed basal diet and raised in cage system for 20 day. At day 21, 300 male quail
chicks with same weight, selected and reared till 42 days of age. Selected birds were divided into 5
treatments (4 replicates contain 15 birds per pen). Experimental treatments were: (A) diet contains corn
grain and without sorghum (control) (B) replacing 50% reconstituted sorghum (C) replacing 50% un-
reconstituted sorghum (D) replacing 100% reconstituted sorghum and (E) replacing 100% un-reconstituted
sorghum grain in place of corn grain, respectively. According to the results, replacing 100% reconstituted
in place of corn grain significantly increased average villi length in 10% and 70% sections of small
intestine length in day 42 (P<0.05). Furthermore, a significant increase was observed on average depth of
liberkuhn crypts after replacing 100% reconstituted in place of corn grain 10% and 70% section of small
intestine length in Japanese quail (P<0.05). Moreover, a significant decrease was observed on average
villus length and depth of liberkuhn crypts in 10% section of small intestine length in birds fed 100% un-
reconstituted compared to control group (P<0.05). In conclusion, replacing reconstituted sorghum had
better effects than un-reconstituted sorghum on average villi length and average depth of liberkuhn crypts

EFFECTS OF RECONSTITUTION OF HIGH TANNIN SORGHUM GRAIN ON

of Japanese quail.
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INTRODUCTION

Poultry meat industry is greatly dependent on
supply of energy sources from grains that are
known to vary widely in nutritive value. Sources
are varies in the physical and chemical
characteristics e.g. variety, seasonal effects and
growth sites, crop treatment and grain fumigants,
and post-harvest storage conditions and period of
storage as used in poultry diets [1]. Feed is the
principal single cost factor in production of
chicken meat. Variation in the available energy
and protein content of grains can be attributed to
a wide range of anti-nutritive factors such as
non-starch polysaccharides (NSP), Tannins,
inhibitors, alkaloids, phytohaemagglutinins,
saponins, and lathyrogens. The relative
importance of such factors will also differ
according to the type of grain in question [2].
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Sorghum is fairly cheaper and easy to cultivate
than maize. According to Subramanian and
Metta [3], sorghum grain is as ideal as maize for
poultry. Likewise, Augusto et al., [4] reported
that, sorghum can replace in term of maize in
poultry diets provided xanthophylls are added
for skin and egg yolk pigmentation. Also
comparing sorghum with maize was showed that
sorghum had better results than maize grain in
turkey [5].

Sorghum is sole among cereals in that produce
large amounts of tannins [6]. Tannins are plant
secondary metabolites that are characteristically
rich in phenolic hydroxyl groups. Both major
structural classes of tannins are widely
distributed in plants: hydrolyzable tannins (HT)
and condensed tannins (CT). Tannins exhibit a
wide variety of biological effects thought to be
caused by their capacity to bind and coagulate
proteinaceous tissue (astringency) [7]. Mature
grain of sorghum (Sorghum bicolor L.) may
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contain 2% or more CT, while immature grain of
high-tannin sorghums shows even higher levels
of tannin in chemical assays. Hydrolyzable
tannins have not been reported from sorghum.
Under ideal conditions, sorghum tannin is
capable to bind and precipitate proteins 12 times
more than its own weight. Because sorghum
grain contains 10% protein, the grain of high-
tannin cultivars contains more than enough
tannin to bind all the seed protein, thus
profoundly affecting the properties of the protein

[71.

Utilization of energy by the chicken will be
influenced by requirements for growth and
maintenance of the Gastrointestinal tract (GIT)
[1], intestinal epithelium surface and villus
height [8, 9]. The relative opportunities for
contact between ingested food, digestive
enzymes, bile salts and the time available for
contact between digested particles and
absorptive surfaces are likely to influence by
tannins in chicken. Tannins may also bind
endogenous enzymes in the GIT and inhibit their
activity [7]. Growth performance and nutrient
absorption are influenced by rate of passage of
digesta in chickens [10, 11] and rats [12].
Moreover, Welsch et al., [13] demonstrated that
dietary phenolic compounds and tannic acid in
particular, inhibited glucose uptake via Na'-
dependent transport systems in small intestinal
brush border membrane vesicles in rats.
Furthermore, the presence of anti-nutritional
factors such as tannins may also lead to decrease
digestibility [14]. There is evidence that tannins
have a detrimental effect on the GIT digestibility
of protein and amino acids [15, 16]. Therefore it
seems that, lowering tannin content of high
tannin sorghum grain leading to improvement of
GIT performance. Between different chemical
and physical treatment methods, reconstitution is
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an efficient and simple process for lowering
tannin content in feeds in sorghum grain. In this
method, dry matter content of grains decreased
to 70-75% by water adding and then stored in
anaerobic conditions for three weeks [17].

Based on previous studies on effects tannin
containing  foodstuff on  gastrointestinal
physiology in poultry our hypothesis on this
article was to effects of replacing corn grain by
reconstituted (RS) or un-reconstituted (URS)
sorghum grain on average Villi height and depth
of liberkuhn crypts in various sections of small
intestine length in Japanese quails.

MATERIALS AND METHODS

Birds and diets

Seven hundred day-old mixed sex quail chicks
(Coturnix coturnix japonica) were fed same diets
and reared in cage system for first 20 day after
hatch. At 21™ days of age, quails were sexed
based on their breast feather color and 300 male
chicks with same weight raised for 21 day
experimental period (days 21-42). Experimental
birds were divided into 5 treatment groups (4
replicates contain 15 birds per each pen).
Treatment groups were received experimental
diets: (A) diet contains corn grain and without
sorghum grain (B) replacing 50% RS sorghum
grain (C) replacing 50% URS sorghum (D)
replacing 100% RS sorghum grain and (E)
replacing 100% URS sorghum in place of corn
grain, respectively. Isoenergetic and
isonitrogenous diets were formulated according
to nutritional suggestions of NRC [18]. Chemical
composition of reconstituted (RS) and un-
reconstituted (URS) sorghum grain as well as
experimental diets, already published by our
research team in detail [17]. The arrangement of
diets for experimental treatments is shown in
Table 1.

Table 1. Arrangement of diets offered to different treatments of Japanese quails at experimental

period (21- 42 d)

Treatments A B C D E
Main 0% 50% 50% sorghum 100% 100%
Ingredients sorghum sorghum (URS) sorghum sorghum
(Control) (RS) (RS) (URS)
Corn grain 50 25 25 0 0
(%)
Sorghum grain 0 25 25 50 50
(%)

Control: no corn grain replaced by sorghum grain; RS: reconstituted sorghum; URS: un-reconstituted sorghum
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Preparation Sorghum grain

Sorghum grains were purchased from farms of
the Miyaneh region, East Azerbaijan, Iran. Half
of grains reconstituted by adding water to whole
grain to raise the moisture level to 30% (DM
70%), followed by anaerobic storage in sealed
plastic buckets for 21 days at room temperature,
and then the grains were sun-dried, until the dry
matter content reached about 90%. After sun
drying, grains ground for using in diet of
Japanese quails [20].

Intestinal morphology

At the end of the experiment (42 days of age),
about six hours before to start of the killing,
animals were deprived from food. Two birds
from each group with body weight near to the
medium body weight for that group selected and
slaughtered. Animals necropsied, and the entire
gastrointestinal tract was quickly removed for
further studies. Various sections of small
intestine (10, 50 and 70% of small intestine
length) sampled [20], rinsed with phosphate to
measure villi length and depth of liberkuhn
crypts. Each sample was divided into 2 parts.
One part for measuring villus dimensions and
second one for determining depth of liberkuhn
crypts. Each sample was prepared for
microscopically study after staining with
Periodic Acid Schiff Solution (PAS), separating
muscular layer and preparing lamella. In each
sample, villi height was measured from the top
to the bottom of villus. Mean villi heights and
depth of liberkuhn crypts from 2 birds (40 villi
from different sections in each sample per bird)
were attributed as a mean villi height in each
group using the second sample per birds using an
image Analyzer (Nikon Cosmozone 1S; Nikon
Co., Tokyo, Japan) in the physiology laboratory
of Islamic Azad University, Shabestar Branch,
Iran.

Statistical analysis

Data were analyzed by one-way analysis of
variance (ANOVA) in a completely randomized
design and treatment means were tested for
statistical significance by Tukey's Range Test
using SAS statistical software [21].

RESULTS AND DISCUSSION

Effects of replacing corn grain by reconstituted
or un-reconstituted sorghum grain on average
villi height and depth of liberkuhn crypts in
various sections of small intestine length in
Japanese quails in day 42 are presented in
Tables 2 and 3. According to the data there was
a significant increase in average villi length in
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10% section of small intestine length after
replacing 100% RS in place of corn grain in
Japanese quails (P<0.05). Furthermore, similar
results was observed after replacing 100% RS in
place of corn grain on average depth of
liberkuhn crypts (10% section of small intestine
length) in day 42 (P<0.05). Moreover, a
significant decrease was observed on average
villus length and depth of liberkuhn crypts in
10% section of small intestine length in birds fed
100% URS compared to control group (P<0.05).
Previously, Uni et al., [22] studied changes in the
structure and function of the duodenum, jejunum
and ileum in broilers from hatch to 14 days of
age. They noted that development of the small
intestine was rapid from day 2 after hatch but
that the rates of development differed between
the segments of the small intestine. Villus
volume in the duodenum reached a plateau after
7 days but continued to increase in the jejunum
and ileum. Indices of tissue activity, ribosomal
capacity, and cell size decreased with age but at
differing rates in these intestinal sections.
Because lack of any published data on the field
of current study, we could not compare our
results with. In case of comparing villi height
and depth of liberkuhn crypts in various sections
of small intestine length in Japanese quails, data
obtained in current study were in line with those
reported by Zahedi et al [23].

As shown in table 3, replacing of any portion of
sorghum  (B-E  treatments)  significantly
decreased on average villus length and depth of
liberkuhn crypts in various sections of small
intestine length (50%) compared to control
group fed corn grain in Japanese quails in day 42
(P<0.05). Tannins have been proposed to
interfere  with intestinal protective mucus
glycoproteins, thus increasing the excretion of
endogenous nitrogen from mucus. It has also
been shown that dietary tannins were able to
bind intestinal brush border proteins as well as
luminal digestive enzymes such as trypsin and a-
amylase [24]. These processes have been
demonstrated in monogastric animals (rats, pigs
and especially chickens with significant damage
to the intestinal mucosa and poor absorption of
amino acids, especially with chickens [25].
Moreover, histological changes including
atrophy and shortening of villi with distortion of
their architecture were observed in the ileal
mucosa of chicks and to a lesser extent in rats
when fed diets containing a freeze-dried tannin
extract (1.6%) from faba beans (Vicia faba L.)
[26]. In this study, replacing of URS showed
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negative effects on average villus length and
depth of liberkuhn crypts in various sections of
small intestine (10, 50 and 70%) compared to RS
sorghum. It seems, the reverse effects were
related to tannin content of untreated sorghum.
Perhaps further researches need to investigate
direct effects of tannin on intestinal morphology
in Japanese quail. Based on our previous
researches there was no significant difference
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after feeding reconstituted sorghum on carcass
yield and carcass components as well as edible
internal organs of Japanese quails. Moreover,
replacing 50% or 100% sorghum grain in place
of corn grain has not adverse effect on carcass
characteristics in Japanese quails [27]. However,
using 100% sorghum grain in place of corn grain
led to decrease growth performance of Japanese
quails [17].

Table 2. Effects of replacing corn grain by reconstituted or un-reconstituted sorghum grain on average
villi height (um) and depth of liberkuhn crypts (um) in various sections of small intestine in Japanese

quails at day 42

Of intestine 10% 50% 70%
length (Duodenum) (Jejunum) (lleum)

Treatments Villi Depth of Villi height Depth of Villi height Depth of

height liberkuhn liberkuhn liberkuhn
crypts crypts crypts

(A) control 284.93° 65.68° 221.28° 58.26° 120.01° 53.71°

(B) 50% RS 258.82° 61.33" 147/06° 37.80° 126.00° 32.66°

(C) 50% URS  216.00° 57.04" 162.15"% 52.27% 160.28"° 42.65°

(D) 100% RS  354.42° 92.40° 171.75° 50.94 % 212.57° 44.17°

(E) 100% 262.67™ 53.44° 171.32° 46.10° 152.37° 42.50°

URS

P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

SEM 6.14 2.39 4.28 1..82 4.32 1.99

Control: no corn grain replaced by sorghum grain; RS: reconstituted sorghum; URS: un-reconstituted sorghum.
SEM: standard error of mean. There are significant differences between groups with different codes in a column
(superscript letters a, b, c and d; p < 0.05).

Table 3. Effects of replacing corn grain by reconstituted or un-reconstituted sorghum grain on average
villi height and depth of liberkuhn crypts in various sections of small intestine in Japanese quails at day
42 [presented as relative values (%) compared to the data for the control group]

Of intestine 10% 50% 70%
length (Duodenum) (Jejunum) (lleum)

Treatments Villi Depth of Villi height Depth of Villi height Depth of

height liberkuhn liberkuhn liberkuhn
crypts crypts crypts

(A) control 100° 100° 100° 100° 100° 100°

(B) 50% RS 90.83° 93.38" 66.46° 64.87° 104.97° 60.81°

(C) 50% URS  75.81° 86.84™ 73.28" 89.72% 133.55" 79.41°

(D) 100% RS 124.38° 140.68 77.62° 87.44% 126.96" 82.25°

(E) 100% 92.15" 81.35° 77.43° 79.13" 177.12° 79.13°

URS

P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

SEM 2.16 3.40 1.94 3.12 3.60 3.72

Control: no corn grain replaced by sorghum grain; RS: reconstituted sorghum; URS: un-reconstituted sorghum.
SEM: standard error of mean. There are significant differences between groups with different codes in a column

(superscript letters a, b, c and d; p < 0.05).

In this study, replacing 100% URS instead of
corn grain significantly improved average villi
length in 70% of small intestine length in
experimental birds after 42 days (P<0.05). In

addition, average depth of liberkuhn crypts
significantly diminished after replacing of 50%
RS, 50% URS, 100% RS and 100% RS in place
of corn grain (P<0.05). High levels of CTs are
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detrimental to livestock production. However,
mixed grazing/ browsing has the potential to
reduce total CT intake yet still retain the benefits
of tannins on protein flow to the small intestine
[28]. In previous reports, there were no reverse
effects on small intestine morphometry using
diets containing high or low tannin levels. Also,
a slight lessening was observed on depth of
liberkuhn crypts in broilers [29]. There was a
general trend for villus height to decrease
numerically from the proximal to the distal
section of the small intestine. A similar tendency
for villous height and crypt depth to decrease
distally along the small intestine was observed in
pigs by Van Leeuwen et al., [30]. It seems,
tannin impress its final effects on tissue activity,
ribosomal capacity or on cell size in small
intestine. Condensed tannins are clearly a
“double edged sword” for feeding value. They
are not digested and the carbon skeleton is not
absorbed so high concentrations of CT reduce
the DM potentially available for digestion.
Understanding their effects on digestive
physiology is complex [25]. The impact of
reduced cell turnover on nutrient digestibility in
the small intestine of quail remains unknown and
requires further investigation. These results
indicate that presumably these effects occur
because of tannin content in sorghum grain
replaced in term of corn in quails fed. It seems
that, further researches needs to elucidate the
direct effects of sorghum on villi height and
depth of liberkuhn crypts in quail.

CONCLUSION

As a conclusion, beseems reconstitution of the
high tannin sorghum grain can be results in
improving height of villus and depth of
liberkuhn crypts in various sections of small
intestine length in particular in case of high
substation rate of sorghum (100%) in place of
maize grain in Japanese quail diet. However,
further investigations requires for further
knowledge on precise effects of sorghum tannins
on morphology of small intestine of different
species of poultry.
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