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Abstract

he study sought to explore how various colors of illumination affect the behavior and

productivity of Japanese quails. A total of 192 one-day old Japanese quail chicks were divided
into four groups, with three replicates. The birds in control group were subjected to white light, while
the other groups were exposed to blue, red, and green lights. The experiment lasted for 7 weeks. The
quail’s behaviors were recorded by utilizing a scanning technique. Furthermore, growth performance,
egg quality, hatching performance and carcass traits were assessed. Illumination colors had a
significantly influence (P < 0.05) in most of the Japanese quails ‘behaviors. ingestive, running, flying
and crouching were significantly higher under blue light. While, walking and exploratory behaviors
were significantly higher in red color. The comfort behavior was increased under green color.
Different light color had no an obvious impact on the final body weight, but it was the highest in quail
kept in blue and green light color. In the same line, daily weight gain, feed conversion rate, egg
fertility and hatchability percent were significantly improved under blue light. Birds that received red
light had higher egg weight, egg-shell thickness, shell weight, yolk index and albumen height, than
other treatments (p < 0.05). Dressing weight and Dressing percentage were improved in birds that
received green light than other colors lights (p < 0.05). Consequently, using blue and green lighting
programs in raising Japanese quails is believed to offer good welfare and production benefits.
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harsh environments, exhibiting quick development.
Japanese quails are resilient birds that live in small
cages and on the floor, with minimal rearing costs.
Behavioral expression is an important aspect of

Introduction

Quail is a small avian species that belongs to the
pheasant family. It is a monogamous bird with a fast

growth cycle, reaching mature body weights of 150—
200 g in less than 6 weeks. Gamete production in
both sexes begins at the 5th -6th week of life, and
fertility and fecundity peak at 10-14 weeks. Quail are
reared as dual-purpose birds for meat and egg
production [1]. Both quail meat and eggs make an
important nutritional contribution to food-insecure
people. This is due to their strong resistance to
tropical diseases and pests as well as their high
brooding ability and egg hatchability. Additionally,
they have been recognized for their ability to convert
feed to protein more efficiently than other farm
animals [2]. Providing a cost-effective and high-
quality protein solution to meet the growing demand
for animal protein [3]. This species is well-suited for

animal welfare; as defined by [4], it is the way an
animal acts or behaves in response to a specific
situation. It is often linked to subjective feelings,
such as the need for food, comfort, play, curiosity,
empathy, fear, suffering, or pain. Environmental
characteristics, including lighting, heat, humidity,
and ventilation, may affect subjective states and
behavior expression. Therefore, regulation of
environmental conditions in poultry houses is
important for chick health and productivity [5]. Light
is an important managerial aspect that plays a vital
role in poultry production, reproduction, and welfare
through  adapting  different  behavioral and
physiological pathways [6]. Its effects depend on
illumination length, intensity, and color [7]. Color is
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a physically perceived attribute of the external world
that is determined by the spectral composition of
light close to the perceived object. There are large
discrepancies in color perception and discrimination
abilities between animals. Birds usually have a
tetrachromatic color vision system. Light is required
for birds’ eyesight, as it influences the vision
sensitivity  discrimination of color [8]. Light
environments can reduce welfare in birds by limiting
visual information, affecting their ability to recognize
features, navigate, respond to humans, and see feed
and water [9]. Light color can affect the emotional
and physiological states of animals [4]. Also, growth
and  behavior responses rely on retinal
photoreception. The light condition in Japanese quail
pens can impact the birds' well-being. The color of
light, measured by wavelength, has varying effects
on Japanese quail performance and reproductive
activity [10]. The study explores the influence of
various light colors on quails’ behavior and
productivity. This study hypothesises that different
light colors (white, red, blue, and green) have distinct
effects on the behavior, growth performance,
reproductive parameters, and welfare indicators of
Japanese quails. Specifically, we expect that blue and
green light will enhance growth and welfare-related
behaviors, while red light may improve reproductive
traits such as egg quality.

Material and Methods

Ethical approval

This experiment was performed after the approval
of the Institutional Animal Care and Use Committee
at Zagazig University (ZU-1ACUC)/).

Experimental design and bird management

The study was performed in the experimental
rooms belonging to the faculty of WVeterinary
Medicine at Zagazig University to assess the
influence of various light colors on the behavior,
growth & productive performance, egg quality,
hatching and fertility parameters, and carcass traits of
quail. 192 one-day-old quail chicks were reared for
two weeks before being distributed into four
chambers, where each one represented an
experimental group and was illuminated with one of
the artificial light colors (white, red, green, or blue).
LED lamps were used for each color treatment, and
the light intensity was adjusted and measured at bird
level using a digital lux meter. The intensity was
maintained at 20 lux (20) across all treatments
throughout the experimental period. Every
experimental room was divided into three pens for 3
replicates (16 birds per replicate).

In an artificially lit chamber, birds were kept
under a continuous lighting system (24L) for the
duration of the trial [11] for 7 weeks. The pens were
equipped with 10 cm of sawdust, giving an available
space of 0.038 m2 per quail [12]. The room

Egypt. J. Vet. Sci.

temperature began at 38°C and gradually decreased
to 34°C during the first week, then dropped by 6°C
per week in the second and third weeks. After that,
the temperature remained between 18°C and 20°C
for the duration of the research period. Moreover, ad
libitum was offered for the feed and water.
Ingredients and chemical composition of the
commercial diet for quail during growing and laying
have been summarized in Table 1. At the fifth week,
the sex ratio within each group adjusted to one male
and three females (1:3 sex ratio) according to [13].
Chicks were identified with wing rings.

Data collection
Behavioral assessment

An instantaneous scanning sampling technique
according to [14] was used to report the quail’s
behavior. Each group was scanned twice daily (20
minutes/group/each time) for three days weekly for 5
weeks, once in the morning and the other in the
afternoon to avoid photoperiod effect on behavior
[15] from 7 am to 4 pm. The different patterns of
behavior were recorded based on a standardized
behavioral ethogram in table 2 as defined by [16].

Growth Performance

All the chicks were weighed at 2 weeks of age to
record their initial body weight. The final body
weight, daily feed intake, weight gain, daily weight
gain, and feed conversion ratio were estimated.

Egg quality

To assess egg quality, 30 eggs/group (10 eggs
from each replicate) were collected for three days
after the 7" week of age. The following egg-quality
parameters were measured: egg weight, egg length,
egg width, egg shape index, eggshell thickness, and
eggshell weight, as well as albumen weight, albumen
height, albumen diameter, yolk weight, yolk height,
yolk diameter, yolk ratio, and yolk index [17].

Egg production

Egg production per quail group was recorded
during the first four weeks after sexual maturity [18],
including the estimation of hen-day egg production
(HDEP) for that time.

HDEP% = (Total of eggs produced / Number of live
hens) x 100

Fertility and Hatchability

By placing sixty hatching eggs collected from
each group in an incubator with humidification at
37°C and 70% RH with parameters determined [19]
to evaluate the impact of different light colors on
hatching performance.

Fertility % = (Number of fertile eggs / Total
number of eggs set) x 100
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Hatchability % = (Number of hatched chicks /
Total number of eggs set) x 100

Hatchability of fertile eggs % = (Number of
hatched chicks / Number of fertile eggs set) x 100

Carcass traits

Randomly selecting and weighing 6 birds per
group (2 birds/replicate). The birds were scarified,
defeathered, and eviscerated to evaluate carcass
traits. The dressing percentage was estimated as the
actual carcass weight in relation to the final body
weight, and the relative weight of the liver, heart,
gizzard, and spleen was calculated [20].

Statistical analysis

To analyze the experimental data using SPSS 20.0
software. One-way ANOVA was used, and Duncan
multiple comparisons were utilized to assess the
differences between groups. Data were expressed as
means + SE. A significant difference is present when
P <0.05.

Results

The impact of illumination color on quail’s
behavior is illustrated in Table 3. The use of blue and
red light significantly increased ingestive behaviors
(feeding and drinking) (p < 0.05). In contrast,
standing behavior was notably higher under white
light compared to the other groups. Quails exposed to
red light exhibited greater activity, demonstrated by
increased walking, flying, running, foraging, body
and head shaking, feather ruffling, and wing/leg
stretching. No marked alteration in the resting and
pecking behaviors between groups was noticed.

Table 4 displays the impact of various light
colors on quail body weight. Quails exposed to blue
and green light displayed higher final body weights
than those under white and red light, but the changes
were not statistically significant. Nevertheless, there
was a significant increase in weight gain and daily
weight gain in quail under blue colors in comparison
with other experimental groups. Feed intake was
highest in red-lit chambers.

As illustrated in Table 5, birds that received red
light exhibited statistically (p < 0.05) higher egg
weight, eggshell thickness, shell weight, albumin
height, and yolk index than other treatments.
Albumin diameter was significantly increased in blue
color. While other parameters were not significantly
influenced (p>0.05) by evaluated light colors.

Table 6 revealed the hen-day egg production
(HDEP %) and hatching performance of Japanese
quails submitted to varied illumination color
treatments for four weeks following sexual maturity.
Blue-parameter-light-treated birds had significantly
higher HDEP percent, fertility, hatchability of the
total eggs, and hatchability of fertile eggs.

Carcass traits of quail that received various
illumination colors are shown in Table 7. Dressing
weight and percentage were significantly increased
under green and blue light compared to other groups
(p < 0.05); however, the relative weights of the
gizzard, heart, and intestine were not significantly
affected, while liver weight was notably greater in
birds under blue light (p > 0.05). In contrast, quails
raised under red light showed significantly lower
values for dressing percentage, carcass percentage,
and average liver weight (161.50+4.85, 73.33+£1.3%,
and 3.29+.156 g, respectively) in comparison with
other light treatments.

Discussion

Light is a powerful stimulus that has profound
effects on behavior. Higher frequencies of ingestive
behaviors were noted in quails exposed to blue and
red light, respectively, which is supported by the
findings of [21, 22, 23, 24]. the increase in ingestive
behavior by birds raised under red color could be
attributed to increasing the attractiveness of food
made by red light. Author [25] found that the feeding
behavior of broiler chicks at the starter phase (14
days old) was significantly higher in the blue color
than in the white and green color. Also,[26] recorded
that male broiler behavior was influenced by blue
and green lights since it was 7 days old, which
increased presence at the bird feeders and decreased
idle time. In contrast, other studies reported that the
influence of various light color on the behavioral
traits (feeding, drinking water) did not reach the
significance level in broiler chickens [27] and
Japanese quails [28]. Light colors had a significant
influence on the kinetic behaviors in quail, such as
walking, flying, and running, as evidenced by the
aforementioned studies by [23, 29, 30], who showed
birds kept under red light have been shown to exhibit
increased activity. On the contrary, [31] recorded that
the blue light color caused a high percentage of
walking behavior. While [28] reported that there was
no significant change.

Regarding comfort behaviour (feather preening),
the quails under the green light color had a non-
significant increase in the feather preening behavior
frequency (13.66 +2.10) compared to the other light
color groups. Furthermore, the frequencies of the
body shaking and feather ruffling were statistically (p
> 0.05) higher under green light colors than the
others. This may be linked to calm feelings and more
comfort in the green light color. The obtained results
are compatible with [23]. The results obtained are not
consistent with [21], who noted that using white light
color showed more stretching activities, ruffling,
body shaking, feather preening, and exploratory
behaviors such as wall and feather attributing that to
the suitability of white color for normal activities.

According to [32], foraging is typically
associated with feeding behavior. Our finding proved
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that the green color exhibited the lowest foraging
behavior which supports our results of the feeding
frequency of the same birds, while the highest
frequency was recorded in the group of red color.
Additionally, quail reared in green and blue light
chambers were more comfortable and calmer, with
increased sleeping and crouching behaviors. This
investigation validated the idea that the green and
blue colors have a calming effect on birds [28].

The exposure to different spectral colors of light
markedly impacts physiological processes in birds,
including protein synthesis and metabolic activity in
Japanese quail. [Hassan 56] revealed that quails
reared under blue and green monochromatic
illumination exhibit superior growth rates, enhanced
feed conversion, and increased behavioral stability in
comparison to those maintained under red or white
light. It has been observed that applying different
light color had no obvious impact on the final body
weight of Japanese quails. This may be linked to no
difference in the daily feed intake among treated
groups.

Based on the statistical analysis, a notable (P >
0.05) increase in the body weight gain and daily
weight gain (163.26 + 3.40 g and 23.32 = 0.48 g,
respectively) in the blue light group in comparison
with other groups. This could be due to
photoreceptors in the hypothalamus area reacting
directly to the light [33]. The findings are in line with
those of [23, 28, 34, 35, 36], who reported the
highest body weight and weight gain under blue and
green color treatments. [37] discovered that quails
subjected to artificial light during the early stage
gained much more weight than those exposed to
natural light. The current findings contradict the
findings of [10, 19, 20], who noted that Japanese
quails under red lights weighed more than those
under blue and green lights. Meanwhile, [38]
indicated that the highest final BW of broiler was
found under the white color. [32] No significant
differences in body weight and growth were found
among broiler chickens under various artificial light
color treatments.

No notable differences were noted in the daily
feed intake among different color which could be
attributed to the fact that birds are accustomed to
their environment; they may not show a strong
preference for different colors presented, leading to
similar intake levels. This result agreed with [39, 40],
who found feed intake was not affected by different
bulb types and intensities. On the other hand, [20]
stated that light color had a significant impact on
feed intake, where quails receiving green LED light
had the highest values in comparison to red, white,
and blue LED light treatments. Also, [34] recorded
that chicks raised under white light had a higher feed
consumption during the initial phase compared to
other groups (red, green, and blue).
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Quail kept in blue- and green-lit chambers had
better cumulative FCR than those in the red-lit
chamber, which was supported by the results
obtained by [36]. On the contrary, [20] found that the
best FCR was recorded among quails in red light.

Red light treatment increased egg weight in quail
compared to white, blue, and green light colors
(13.91, 13.0, 12.46, and 12.33 g, respectively); this
could be because the specific wavelengths of red
color can impact the shell quality and internal egg
composition, leading to heavier eggs. This outcome
aligns with the findings of [20]. On the other hand,
[10, 39, 41] discovered that egg weight showed a
significant increase under white and green light
compared to red light. Furthermore, [42] found an
increase in the weight of eggs under green light
compared to red light. Nevertheless, some
investigations revealed that illumination color had no
effect on the average egg weight throughout the
laying period [43].

Shell thickness and weight also increased in red
light, potentially due to heavier egg weight [39].
Thin-shelled eggs significantly impact the global egg
market, with 7 to 8% of them breaking during
transfer from poultry houses to consumers [44]. The
eggshell damage occurs due to fractures from
collisions between eggs or the collecting machine, as
well as compressive fractures during the packaging
process.

No significant difference in egg length and width
between light treatments was recorded in our work.
But the egg shape index was significantly altered by
the light processing, with the greatest values
recorded in the white color while the lowest results
were in the blue color group. On the contrary, [10,
45] found that there were no significant changes in
egg shape index among different light colors. Of
note, the yolk index was statistically increased under
blue and red color. Our findings align with those
reported by [20, 40], while at the same time
conflicting with the results of [10], who observed a
higher yolk index in the group exposed to green
light. According to [46], a higher yolk index
indicates better egg quality and freshness. Concisely,
quails reared under red color have the best internal

egg quality.

Concerning egg production, blue-light-treated
quails had significantly higher HDEP percentages
(79.35%), followed by white (76.82%), green
(71.79%), and finally red-light-exposed birds, which
had the lowest percentage (68.46%). The same
results were reported by [40], who demonstrated that
the percentage of laying increased significantly in the
blue color group. However, other reports found that
red light treatments had a considerably greater total
HDEP percentage compared to white and green light
treatments. [10, 42, 47].
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Quails reared under blue color exhibited
significantly higher (P<0.05) fertility, hatchability of
total eggs, and hatchability of fertile eggs. These
results may indicate that the blue color has a calming
effect, reducing stress and promoting better
reproductive performance, potentially by affecting
hormonal levels and stimulating reproductive organs.
These results disagreed with [45], who found that
green-light-treated breeders produced more fertile
eggs, but white-light-reared chicks had higher
hatchability rates. [48] discovered that green light
produced more viable quail eggs than white, red, or
blue LEDs. [10] recorded that higher fertility and
hatchability of quail reared under red and green light
(P<0.05) compared to white light color may be
ascribed to the fact that red light may stimulate
metabolic processes linked to breeding and
reproduction more effectively than other colors.

Quiails in green and blue lit chambers had much
higher dressing weights and percentages due to the
presence of a positive associative relationship
between organ size and body weight size. Our
findings were supported by the previous results [36,
49, 50, 51]. On the other hand, [20] found that quail
kept under red LED achieved the highest outcomes,
with substantially greater live body weight and
carcass weight compared to all other treatments. [52]
determined that carcass yield of Japanese quails was
not significantly affected by light treatment. The
previous results by [53] showed that green and blue

monochromatic lighting during the fattening phase
significantly impacted slaughter-carcass features and
growth. On the other hand, broilers raised in a
combination of green and blue lights were found to
be highly scared.

Moreover, [54] reported that green-blue light
increased carcass weight and quality of broilers by
raising pH and water holding capacity (WHC). GIT
organ weights were not impacted by the exposure to
different colors except for the liver. Our results were
confirmed with the findings by [39, 55].

Conclusion

Based on these findings, the study indicates that
utilize blue light during the developmental phases
and red light to enhance the quality of eggs.
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TABLE 1. Composition and Nutrient Content of the Basal Diets

Ingredients (g/kg as fed)

Growing phase

Laying phase

Yellow corn

Soybean meal (44%)
Concentrate (52%)
Vegetable fat

Di-calcium phosphate
Limestone
DL-methionine

Lysine

Vitamin and trace mineral
Premix

Coccidostate

Antioxidant

Calculated analysis

ME (MJ/kg)

Crude protein (%)
Calcium (%)

Available phosphorus (%)
Lysine (%)

Methionine (%)

51.84 64.50
26.63 20.50
16.00 10.00
1.27 -
1.50 231
1.03 0.96
0.09 0.09
0.08 0.08
0.30 0.30
1.06 1.06
0.10 0.10
0.10 0.10
12.45 11.93
24.00 20.00
0.80 2.50
0.72 0.66
1.30 1.00
0.50 0.45
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TABLE 2. Ethogram of behavior

Behavior Description

Ingestive behavior

Feeding Head extended towards available feed troughs
Drinking The beak of bird in or above the drinkers

In active behavior
Standing behavior
Kinetic Behavior

Standing Idle not engaged in any activity, locking about or with eye closed.

Walking Walking at least two successive steps.

Running Moving rapidly not walking.

Flying By forcing wings displacement from one place to another.

Resting Behavior

Crouching Laying or sitting breast on the floor, locking about or with closed eye, no other behavior.
Sleeping Bird’s neck is fully recumbent and the eyes permanently closed while lying.

Exploratory behavior

Foraging birds pecking food from the ground

Pecking Birds show strong motivation to investigate environmental content.it includes (trough

pecking, wall pecking and feather pecking).
Comfort Behavior
Preening Birds clean and groom their feather with the beak while standing or crouching.
Other comfort behavior Include wings and legs stretching; wing ruffling, head and body shaking.

TABLE 3. Impact of different light color on the frequency Japanese quails’® behavior /Lhour (Mean £SE).

Behavior Control (white) Blue Red Green
Ingestive behavior

Feeding 8.26 +2.35% 9.20+1.292 8.80+1.75% 4.06 +0.88°
Drinking 6.26+0.68" 11.06+1.862 10.06+1.30 % 8.60+1.43 %
Inactive behavior

Standing 55.80+6.60 2 36.13+2.68" 31.20+2.92" 34.20+4.32°
Kinetic behavior

Walking 26.20+2.20° 27.66+2.62% 36.06+3.65°2 22.26+3.50°
Running 0.20£0.14° 1.00+0.36° 1.00+0.41 2 1.1340.79°
Flying 0.46+0.13° 1.21£0.38°2 1.35+0.38°2 0.80+0.38 %
Resting behavior

Crouching 7.86+1.53 % 11.13+2.46° 8.25+2.03% 11.13+2.11°
Sleeping 0.26+0.11 0.6620.21 0.26%0.11 0.80+0.38
Exploratory behavior

Foraging 4.20+1.01% 5.46+1.17% 6.26+1.33 2 2.860.63°
Pecking 0.20£0.14 0.60£0.23 0.730.31 0.20£0.14
Comfort behavior

Preening 10.86+1.16 9.33+1.27 10.80+1.48 13.662.10
Leg & wing stretching 1.42+0.42 1.60+0.53 1.80+0.39 1.53+0.29
Shaking &ruffling 2.93+0.47° 3.660.76° 4.06+0.86° 7.13+1.13°2

a0 Means within the same row carrying different superscripts are sig. different at P < 0.05 based on Duncan multiple
Significant Difference test.

TABLE 4. Impact of different light color on growth performance of Japanese quail.

Growth performance Control (white) Blue Red Green

Initial body weight(g) 92.39+1.29 93.58+1.18 94.00+1.43 93.87£1.47
Final body weight (g) 249.10+4.10 251.36+6.05 244.84+4.09 251.11+3.37
Weight gain (g) 156.07+2.65 163.26 +3.40° 152.18+2.98" 157.40+3.36%
Daily weight gain(g) 22.29+0.37 23.32+0.48° 21.74+0.41° 22.48+0.48%®
Daily feed intake(g) 25.48+1.41 25.03+1.31 26.93+1.63 25.69+1.56
Feed conversion rate(g) 1.1620.047° 1.07+0.008 1.24+0.031° 1.14+0.057°

4% Means within the same row carrying different superscripts are sig. different at P < 0.05 based on Duncan multiple
Significant Difference test.
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Table 5. Impact of different light color on egg quality of Japanese quail.

Traits Control (white) Blue Red Green

Egg weight (q) 13.00+ 0.24° 12.46+0.31° 13.91+0.192 12.33+0.31°
Egg length (mm) 32.94+0.24 33.70+0.34 33.82+0.34 33.14+0.32
Egg width (mm) 26.48+0.17 26.40+0.19 26.42+0.14 25.98+0.166
Egg shape index (%) 80.46+0.902 77.64+1.18° 78.17+0.68 78.41+.65%
Shell thickness (mm) 0.218+0.004 ¢ 0.234+0.0028% 0.235+0.004 0.224+0.0041"
Shell weight (g) 1.84+0.024° 1.73+0.043°¢ 1.93+0.0152 1.84+0.024 %
Albumin weight (g) 7.11+0.132 7.11+0.169 7.27+.078 7.16+0.156
Albumin diameter (mm) 58.75+0.771° 61.52+1.116 2 58.07+.691° 57.80+1.000°
Albumin height (mm) 4.59+0.112" 4.56+0.111° 5.08+0.1502 4.70+0.115°
Albumin ratio (%) 54.72+0.557 55.11+0.356 50.07+4.049 55.52+0.218
Yolk weight (g) 4.04+0.142 4.06+0.123 4.160.174 3.90+0.141
Yolk diameter (mm) 24.92+0.224 24.28+0.208 24.73+0.378 24.67+0.218
Yolk height (mm) 10.62+0.253 11.11+0.149 11.15+0.144 10.93+0.164
Yolk ratio (%) 31.06+0.651 31.44+.431 31.31+0.536 30.16+0.469
Yolk index (%) 42.58+0.885 ° 45.78+0.593 2 45.21+0.977° 44.45+0.569 °

A% Means within the same row carrying different superscripts are sig. different at P < 0.05 based on Duncan multiple
Significant Difference test.

TABLE 6. Impact of different light color on reproductive performance of Japanese quail.

Parameters Control (white) Blue Red Green

Hen day egg production 76.82+.1.53% 79.35+0.3.7° 68.46+.4.13" 71.79+.1.68%
(HDEP %)

Fertility % 89.61+0.87° 93.07+0.58° 92.32+0.66 2 88.33+0.57"
hatchability of total egg % 72.88+0.57°¢ 88.13+0.57°2 84.21+0.57" 71.00+0.57°¢
Hatchability of fertile egg % 81.000.57 94.54+0.572 90.56+0.57° 79.24+0.57°

4% Means within the same row carrying different superscripts are sig. different at P < 0.05 based on Duncan multiple
Significant Difference test.

TABLE 7. Impact of different light color on carcass traits of Japanese quail.

Carcass traits Control (white) Blue Red Green

Live body weight (g) ~ 227.50+9.37% 240.00+4.472 215.0046.05° 236.66+7.60%
Dressing carcass 170.16+7.35% 181.50+7.55% 161.50+4.85° 184.16+7.82°
weight (g)

Carcass percent (%) 74.76+0.22 % 75.21+1.82 73.33+1.30° 77.64+0.982
Liver (g) 3.68+0.35% 4.29+0.265% 3.29+0.156" 3.97+0.300%°
Gizzard (g) 3.71+0.225 4.11+0.165 3.75+0.237 3.60+0.134
Heart (g) 2.14+0.093 2.29+0.012 2.14+0.104 2.19+0.063
Intestine (g) 6.03+0.294 6.3020.184 6.22+0.336 6.10£0.162

3% Means within the same row carrying different superscripts are sig. different at P < 0.05 based on Duncan multiple
Significant Difference test.
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