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Abstract. This experiment was carried to investigate the influence of using 3 different feed
restriction regimes with or without anise and fenugreek supplemented in the diet on carcass yield, carcass
proportions, and morphological traits of visceral organs of broiler chickens on 2l1st and 42nd days. It
has been used 400 unsexed chicks - one-day old which distributed randomly into 10 groups (40 chicks/
group ( assigned into 2 replications (20 chicks/ replication). Chicks were reared for 6 weeks and divided
from the 2nd week into the following groups: st group (G1): Ad libitum feeding (control), 2nd, 3rd and
4th groups (G2, G3, and G4): quantitative feed restriction (30%), 5th, 6th and 7th groups (G5, G6, and
G7): temporal feed restriction (12 hours/day), Sth, 9th and 10th groups (GS8, G9, and G10): diets dilution
with sand (15%). 1% of fenugreek powder was added to G3, G6, and G9 diets, and 1% of anise powder
was added to G4, G7, and G10 diets. The results showed a significant increase (p<0.05) in carcass yield
for all feed restriction groups except for G5 which did not differ from GI. Low (p<0.05) abdominal fat
content in all experimental groups compared with G1. High increases (p<0.05) in drumstick and back
cuts were achieved by G9 and G8. Also, G9 and G8 caused an augment in heart weight (%). At 21 days, it
was noticed that there significant increase (p<0.05) in the total weight (%) and the total length of gut (%)
for (G5, G8) and (G5, G6), respectively. At 42 days, there was no significant difference between
experimental groups and G1 in total weight and length of gut (%). Stability in most of the visceral organs
in the 21st day except for G9 which caused a high (p<0.05) heart weight (%). Increasing heights (p<0.05)
in pancreas, adrenal glands, and lungs weights (%) were in favor of G10, (G3, G4, G5, G6, GS, G10), G5,
and G9, respectively on the 42nd day. In conclusion, most of the feed restriction groups with dietary plant
extracts or sand increased the carcass yield with a mild effect on carcass cuts. Also, each group has its
own physiological mechanism to appear the changes or stability in morphological trait for each part
visceral organs without any negative influence on bird livability and public health.

Keywords: carcass cuts; feed restriction regimes; sand ; fenugreek; anise.

1. INTRODUCTION

Modern breeds of broiler chickens are characterized by a high growth rate, high feed conversion
ratio at early phase of their lifes due to the intensive genetic selection [1]. This prcedure led to emergence
of many disadvantages that was accompanied with high increase of production such as high mortality rate
which resulted from pathogens, metabolic disturbances, lack of resistance to metabolic diseases and low
level of immunity[2], [3]. Also, this caused to development of ascites and sudden-death syndrome, which
leads to fat deposition in the abdominal cavity [4]. Therefore, researchers had intended to using different
methods for this purpose to reduce the diseases resulting from metabolic processes as well as for lowering
production costs, one of these methods is application various feed restriction regimes [5]. Feed restriction
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regimes are one of important means in improving the production performance of birds and reducing the
production cost through decreasing the amount of feed intake and reduction the fat content in carcass [6].
By early feed restriction regime, it was scientifically proven that birds can compensate for their lost
growth during compensatory growth phase [7],[8]. As a result of ban decision of antibiotics using as
growth promoter in poultry diet [9], this has motivated many researchers to find alternatives, such as of
natural products represented by plant extracts that have no adverse effects on public health. One of the
most important natural products, is fenugreek and anise. Fenugreek (7rigonella foenum-graecum) contains
many medically important active compounds, such as triogonelline, flavonoids and other compounds, as
well as includes proteins, such as albumin, globulin, prolamine and vitamins, unsaturated fatty acids,
essential amino acids and sulfur, in addition to mineral elements involving calcium, iron and phosphorous
[10]. Anise (Pimpinella anisum L.) is a common medicinal plant that contains many active compounds,
including phenols, flavonoids, alkaloids and functional proteins [11]. Scientific reports indicated that
adding anise seeds to the broiler diets caused an increase in growth rate , significant improvement in
productive characteristics [12] and improvement of cellular blood parameters [13]. Sand is non-dissolving
and indigestible materials, although it has been proven that it has a positive role when it is added to
poultry diets in different proportions for improving body weights and carcass cuts [14],[15].

The present study was aimed to explore the effect of using three feed restriction methods (quantitative and
temporal feed restriction and diluted diet with sand) with and without supplementing fenugreek and anise
powder to diet from the 2" week to the 3™ week and its reflection on the carcass cuts and the
morphological traits of visceral organs of birds.

2. MATERIALS AND METHODS
2.1. Experiment scheme

This experiment was carried out to investigate the effect of conducting different feed restriction
methods with and without adding fenugreek and anise powder to diet during early life (2™ and 3™ weeks)
on carcass cuts and the morphological traits of functional organs of broilers. 400 chicks Ross 308 were
used at 1 day old, with an average initial weight of 42 g, the chicks were distributed randomly among 10
groups, 40 chicks for each group (20 chicks / replicate). The chicks were reared for 6 weeks. Birds were
subjected to feed restriction regime for two weeks only, and then from the beginning of 4™ week to 6™
week were re-feeding as ad libitum (compensatory growth) (tables 1 and 2). The chicks were divided since
the 2™ week into the following: 1% group (G1): Ad libitum feeding (control), 2™, 3™ and 4" groups (G2,
G3 and G4): quantitative feed restriction (30%), 5", 6" and 7™ groups (G5, G6 and G7): temporal feed
restriction (12 hours/day), 8", 9" and 10™ groups (G8, G9 and G10): diets dilution with sand (15%). 1%
of fenugreek powder was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and
G10 diets

2.2. Diet supplemented materials

Fenugreek and anise extracts were purchased from the local markets in Babylon City/Iraq, these
materials were as fine powdery texture with pungent and specific odor to each extract. Sand was used as
dilution material in diet. The active bioactive compounds in powders of plant materials were analyzed in
the Laboratories of the Ministry of Science and Technology/Environment and Water Office, Baghdad/Iraq.
The fenugreek powder contained 135.69 ppm, 20.45 mg/g, and 30.69 mg/g of trigonelline, total flavonoids
and total phenols, respectively, while anise powder contained 33.59% and 52.36% of anethol and
benzaldehyde present in the essential oil, respectively, and 17.25 mg/g and 25.45 mg/g of total flavonoids
and total phenols present in the powder, respectively.
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Table 1. Diet composition used in the experiment with its chemical analysis

Starter diet (% Grower diet (%) | Finisher diet (%)
Feed stuff (1-2 weekg) ) (3-4 weeks) (5-6 weeks)
Soybean meal (46% protein) 30.0 26.5 26.5
Wheat 25.0 28.0 10.0
Yellow corn 20.2 14.70 32.8
Flour 12.5 15.0 15.0
Wheat bran 8.00 9.00 9.00
Premix* 250 2.50 2.50
Limestone 0.80 0.90 0.90
Sunflower oil 0.50 2.70 3.00
Monocalcium phosphate o 0.30 0.20
Anti-fungal agent (MINZEL —_
PLUS) 0.10 0.10
Choline Chloride + Sodium 0.10 — —
Sodium bicarbonate 0.10 0.10 —
Table salt o 0.05 —
Threonine 0.05 — —
Emulsifier (APSA MOS) 0.05 —
Emulsifier (Lysoforte™ Extend 0.04 0.04
0.04
Dry)
Allicine 0.03 — —
Enzyme mixture (Kemzyme® 0.03 — —_
Plus P Dry ) )
Total 100 100 100
Chemical analysis**
Crude protein (%) 21.84 20.55 19.46
Metab"lizabfg‘;nergy (Leezld 3025.3 3094.05 3144.30
Metabolizable energy to crude 138.52 150.56 161.57
protein
Crude fiber (%) 2.73 2.65 2.865
Lysine (%) 1.342 1.248 1.161
Methionine (%) 0.21 0.519 0.470
Methionine + cysteine (%) 0.880 0.862 0.796
Calcium (%) 0.910 0.902 0.810
Available phosphorous (%) 0.791 0.932 0.837

*Produced by Provimi 3110 Company (Jordan) contains 3800 kcal’kg metabolizable energy, 7%
crude protein, 1.1% fat, 15% calcium, 4% lysine, 11% available phosphorus, 4.8% sodium, 5.4%
calcium, 8.5 % methionine, 8.5% methionine + cysteine, 0.55% threonine, 575000 [U/kg vitamin A,
201250 IU/kg vitamin D3, 3000 mg/kg vitamin E, 138 mg/kg vitamin K3, 138 mg/mg vitamin B1,
345 mg/kg vitamin B2, 1840 mg/ kg vitamin B3, 552 mg/kg vitamin BS, 184 mg/kg vitamin B6, 46
mg/kg vitamin B9, 1000 mg/kg vitamin B12, 6900 g/kg biotin, 20000 mg/Kg choline chloride, 2760
mg/kg iron, 3680 mg/kg zinc, 3680 mg/kg manganese, 9.2 mg/kg selenium, 50 mg/kg iodine.
**Calculated by using NCR [16].
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Table 2. Calculated chemical composition of standard starter and grower diets and exposed diets to quantitative feed

restriction and diet dilution by sand

Starter diet Grower .
. . Grower diet
Standar - Starter diet - diet- )
. quantitative | dilution by Standar | quantitative o
Chemical d . . . . dilution by
anlysis* starters restriction | sand (15%) dgrower restriction sand (15%)
y diet (30%) for | for G8, G9 diet (30%) for for G8 G09
G2,G3 and | and G10 G2,G3 and and G1,0
G4 G4
Cr“dfo/f’);"te‘“ 21.84 15.288 18.564 20.55 14.385 17.4675
Metabolizable | 5,5 35 | 5117745 2571.548 3094.05 | 2165.835 2629.943
energy (kcal/kg)
Metabolizable
energy to crude 138.52 138.52 138.52 150.56 150.56 150.56
protein
Crude fiber (%) 2.73 1911 2.3205 2.65 1.855 2.2525
Lysine (%) 1.342 0.939 1.140 1.248 0.873 1.060
Methionine (%) 0.21 0.147 0.178 0.519 0.363 0.441
Methionine + 0.88 0.616 0.748 0.862 0.6034 0.7327
cysteine (%)
Calcium (%) 0.910 0.637 0.7735 0.902 0.6314 0.7667
Available = 1 9, 0.5537 0.67235 0.932 0.6524 0.7922
phosphorous (%)

*Calculated by using NRC [16].

2.3.Characteristics studied
The percentages of carcass yield and carcass cuts of broilers which involved the relative weights of

the main parts of carcass (breast, thigh and drumsticks), secondary parts of carcass (back, wings, and
neck) and also edible viscera (heart, liver and gizzard) and abodominal fat were calculated. Weights and
lengths of the visceral organs were measured by using a sensitive scale, measuring tape and vernier scale.
All the calculations were registered based on the equations coined by [17]:

Carcass yield (%) = carcass weight (g) / live body weight (g) x 100

Carcass cut weight (%) = carcass cut weight (g) / carcass weight (g) x 100

Abdominal fat weight (%) = abdominal fat weight (g) / carcass weight (g) X100

Visceral organ weight (%) = visceral organ weight (g) /live body weight (g) x 100

Digestive organ length (%) = digestive organ length (cm) / whole gut length (cm) x 100

2.4. Statistical analysis
A complete random design (CRD) was used in analyzing the experiment data to find the effect of

different groups on variables, and the significant differences among groups averages were compared by
using a Duncan test [18] through application the SAS [19] and on basis of the following mathematical

model:
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Yij = p +ti + eij

3. RESULTS AND DISCUSSION
3.1. carcass yield, carcass cuts, edible organs and abdominal fat

Table (3) indicated that all experimental groups except G5 registered high (p <0.05) carcass yield
(%) compared with G1. There was no significant differences among groups regarding to the breast, thighs
and wings weights (%). On the other hand, high increase (p <0.05) in drumsticks and back (%) was
achieved by G9 and G8, respectively. The results of neck weight (%) showed the that G3, G5, G6 and
G10 had the same significant level (p <0.05) as G1. There was no significant difference with regard to
liver weight (%) between Gl and the rest of the groups except for G2 and G8 which occupied less
significant differences (p <0.05). It was observed that high (p< 0.05) heart weight (%) was in G8 and G9
compared to G1 . G1 did not differ with other experimental groups regarding to gizzard weight (%). The
lowest abdominal fat (p<0.05) was recorded in G2, G3 and G8 compared to G1, which had the highest
percentage in this trait. The increase in carcass yield referred to an increase in weight of carcass to live
body weight and it is one of the economically important markers for expressing the meat quantity that is
related to age, gender and live body weight of birds. These results were in consistent with [20] while
adding anise to deit of broilers also in agrreement with [21] who stated that was an improvement in carcass
yield of broiler subjected to quantitative feed restriction. However, [22] mentioned there was no
significant difference when applying the temporal feed restriction of carcass yield of two chicken strains .
Also, our results did not agree with [23] who concluded that was a superiority in free feeding control
compared with time feed restriction group in carcass yield ratio of broiler chickens. The data were in
agreement with [15] who observed when the feed was diluted with sand at rates of 5, 10 and 15% from (7-
14) days there was an increase in breast cut of broilers at 42 days. Also, [24] noted when the broiler feed
is diluted with wheat bran and sand together at rate (0.7%) in late phase (35 - 45 days) that relative
weights of the breast and thighs did not differ from control at 45 days. The results are also agreable with
[25] [26], who reported that there were no significant differences in the relative weights of the breast and
thigh parts between the early quantitative feed restriction and control at the end of the experiment.
Moreover, [27] and [28] referred that was a significant increase in the percentage of the drumsticks
weight (%) when 1% fenugreek extract spplemented in diet of broilers. With regard to the abdominal fat
weight (%), it was found that feed restriction works to impede the growth of fat tissues by working to limit
the growth of these fat cells, whose numerical rates increase with the increase in the weight of the bird
during free feeding [29]. This coincided with what was proven that feed restriction led to a significant
decrease in the relative weight of the abdominal fat content compared to free-fed birds [6] or during
applying the quantitative feed restriction program [30]. Different from what mentioned by [21] that there
was a significant decrease in the liver percentage when the temporal feed restriction was performed.
Similarly to our data, [31] reported that there was no significant difference in the percentage of liver
weight when adding fenugreek to a broiler diet. Also, [23] stated that was no differences statistically in the
heart weight (%) when performing the time feed restriction for broilers. The present result also
unagreeable with the findings of [32] who indicated that there was a significant increase in the weight of
the gizzard for meat type chickens fed a anise supplemented diet.
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Table 3. The effect of feed restriction groups on carcass yield, carcass cuts, edible organs and abdominal fat (%) for broilers at 42 day (mean +
standard error)

Groups Carcass Breast Thighs | Drumsticks Back Wings Neck Liver Heart Gizzard | Abdomina
yield 1 fat
Gl 70.20+ 3730+ | 1641+ 11.77+ 16.02 + 10.58 + 559+ 2.64 £ 037+ 1.09 £ 229+
5.01d 1.17 0.88 0.14b 0.20 bed 0.42 0.02 a 0.05 ab 0.01cd 0.00 abc 0.03 a
G2 71.92+ 35.46+ 16.85+ 13.04 + 17.65 + 10.69 = 521+ 2.09 £ 0.38 £ 0.91=+ 1.06 £
349 ¢ 1.26 0.24 0.07ab 0.86 ab 0.20 0.02 ab 0.04 c 0.01 cd 0.13 be 0.54 c
G3 73.94+ 38.17+ 15.25+ 12.16 + 16.51+ 11.27 + 541+ 228+ 0.31 =+ 0.86 £ 1.19+
0.58 ab 0.84 0.47 0.05 ab 0.22 abc 0.23 0.38a | 0.32abc 0.03d 0.05¢ 0.05 be
G4 72.89+ 37.86=+ 15.85+ 12.49 + 15.78 + 1132+ | 492+ 221+ 0.40 + 0.99+ 1.75 +
1.58b 1.52 1.17 0.79 ab 0.20 bed 1.34 0.58ab | 0.09 be 0.02 bed 0.12 abc 0.18 abc
G5 70.61+ 36.23+ 17.45+ 12.94 + 1591 + 1041 + 534+ 2.68 + 043+ 1.15+ 1.67 +
5.73d 0.91 0.39 0.01 ab 0.84 bed 0.29 0.39 a 0.01 ab 0.01 abed 0.08 ab 0.20 abc
G6 +71.00 36.67+ 16.47+ 1432 + 14.09 + 11.04 = 552+ 2.46 £ 0.35+ 0.94 + 1.85+
1.19¢ 1.08 1.52 0.68 ab 0.59d 0.12 0.36a | 0.26 abc 0.00 cd 0.06 abc 0.03 ab
G7 72.31+ 36.21+ 16.88+ 14.45+ 15.36 + 10.00 £+ 517+ 228 043+ 1.01+ 1.90 +
2.04b 2.86 1.87 ab0.50 0.62 cd 0.87 0.29 ab | 0.01 abc 0.03 bed 0.04 abc 0.06 ab
G8 73.34+ 36.01+ 15.46+ 13.56 = 18.19 + 1121+ | 416+ 2.06 + 0.57 0.99 + 1.38 +
1.36 ab 0.76 0.84 0.91 ab 042 a 1.21 0.15b 0.03 ¢ 0.01a 0.02 abc 0.04 be
G9 74.04+ 36.38+ 16.53+ 14.99 + 15.73 + 1038+ | 445+ 275+ 0.54 + 0.91 + 1.52 +
0.58 a 0.30 0.61 0.36a 0.30 bed 0.50 0.41 ab 0.02 a 0.09 ab 0.01 be 0.28 abc
G10 72.54+ 37.81+ 15.29+ 13.65+ 16.11+ 9.80 + 542 + 242+ 0.48 £ 1.17+ 1.89 +
7.14b 3.90 0.15 2.23 ab 0.83 be 0.17 0.28a | 0.18 abc 0.06 abc 0.01a 0.21 ab
Significance * N.S N.S * * N.S * * * * *

The different letters within same column indicate to presence of significant differences. N.S: non significant, * at level (p<0.05), G1: Ad libitum feeding
(control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6 and G7: temporal feed restriction (12 hours/day), G8, G9 and G10:diets dilution with
sand (15%). 1% of fenugreek powder was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and G10 diets.
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3.2. The relative weights of digestive system organs at 21 day

Table (4) showed there is no significant difference among groups in the relative weights of
esophagus, gizzard, small intestine and large intestine. High (p<0.05) wights of crop, glandular stomach
and total weight of gut (%) were in favor of G6, G8 and (G5 and G8), respectively compared with G1. The
reason for the superiority of G6 might be related to content of fenugreek powder in bioactive compounds
which detected in our work such as trigonelline, total flavonoids and total phenols that stimulated the
bird's appetite for feed through its action on the nervous system [33] and as the result is expansion of crop.
The reason for increase of total gut weight in G8 might be due to sand efficiency in diluted diet to
expand the digestive system thus increase the digestive tract absorption of nutrients avialability [34]. The
results were in agreement with what was indicated by [35] that there was no significant difference in the
weight of gizzard when the quantitative feed restriction was carried out at level ( 20, 25, 30, 35)% for
broilers from (14-21) days. Also, [4] stated that was no differences in gizzard weight of broilers exposed
to feed restriction for (8-16) hours during periods (7-14, 14-21 and 21-28 days). Moreover, it was proven
that weights of small and large intestines (%) did not differ siginificantly from control for broiler subjected
to quantative feed restriction [36],[37]. The result are not in consistent with [21] who noticed that there
was no significant difference in the crop weight (%)for broilers fed 2 days followed by 1 day fasting.

Table 4. The effect of feed restriction groups on organs weights (%) of digestive system for broilers at 21 day (mean =
standard error)

Groups Esophagus | Crop | Glandular | Gizzard Small Large Total
stomach intestine | intestine | weight
Gl 0.54 + 0.55 + 0.46 + 3.06 + 6.83 + 0.68 + 13.73 +
0.23 0.02 b 0.05b 0.23 0.74 0.08 0.54b
G2 043+ 0.69 + 0.64 + 278 £ 5.87+ 0.89 + 12.87 £
0.01 0.09 ab 0.05 ab 0.45 0.27 0.35 0.57 ¢
G3 032+ 0.73+ 0.61 £ 272+ 5.44 + 1.04 + 12.33 +
0.12 0.09ab 0.06 ab 0.21 0.23 0.35 0.52 ¢
G4 032+ 0.72 + 0.50 + 272+ 527+ 0.80 + 12.36 +
0.03 0.06 ab 0.01ab 0.20 0.46 0.12 0.51 ¢
G5 0.54 + 0.56 + 0.56 + 3.65+ 7.40 + 1.15+ 15.99 +
0.02 0.10b 0.02 ab 0.13 1.90 0.06 1.89 a
G6 0.46 + 0.98 = 0.60 + 3.50 + 597+ 0.96 + 1437 £
0.00 0.10 a 0.09 ab 0.19 0.84 0.25 1.14 ab
G7 0.42+ 0.79 + 0.62 + 4.04 £ 536 0.79 = 14.15 +
0.01 0.04 ab 0.05ab 0.80 0.97 0.01 0.30 ab
G8 036+ 0.78 £ 0.71 £ 3.69 + 7.19 £ 1.14 + 15.72 +
0.04 0.19 ab 0.00 a 0.80 0.95 0.40 2.88 a
G9 039+ 0.55+ 0.60 + 335+ 6.74 £ 1.16 + 14.66 +
0.05 0.02b 0.13 ab 0.44 0.71 0.36 2.09 ab
G10 0.49 + 0.65 + 0.48 + 3.03+ 6.07 + 1.08 + 1340+
0.02 0.18 ab 0.03 ab 0.70 1.36 0.17 0.90 b
Significance N.S * * N.S N.S N.S *

The different letters within same column indicate to presence of significant differences. N.S: non significant, * at
level (p<0.05), G1: Ad libitum feeding (control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6 and
G7: temporal feed restriction (12 hours/day), G8, G9 and G10:diets dilution with sand (15%).1% of fenugreek
powder was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and GlO0diets.
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3.3.The relative weights of digestive system organs at 42 day

The results in table (5) declared that no significant differences between exterimental groups and
Gl in esophagus, crop weights (%) and total weight of gut (%) at 42 days. Besides, lack of significant
differences among all groups regarding to other weights of digestive segments (%). These results are in
agreement with other studies which stated that an early quantitative feed restriction had no influence on
the relative weight of the glandular stomach and the small intestine and large intestine at the age of 42
days for broilers [38], [39], [40]. Also, [41] concluded that no significant effect for temporal feed
restriction on the relative weight of the gizzard at the end of the experiment.

Table 5. The effect of feed restriction groups on organs weights (%) of digestive system for broilers at 42" day (mean +
standard error)

Groups Esophagus Crop Glandular | Gizzard Small Large Total
stomach intestine | intestine weight

Gl 0.26 + 0.30 = 0.40 £ 2.02+ 4.04+ 0.81+ 7.12+
0.00 ab 0.01ab 0.04 0.10 ab 0.61 0.09 0.33 ab

G2 0.17 0.26 £ 042+ 1.46 £ 4.68+ 0.68+ 6.47 £
0.05 be 0.05b 0.06 0.34b 0.48 0.18 0.14b

G3 0.12+ 0.19+ 0.50 £ 1.68 £ 4.57+ 0.58+ 6.98 £
0.02 ¢ 0.02b 0.05 0.30 ab 0.02 0.06 0.36b

G4 0.22 + 0.50 £ 043+ 1.84 £ 4.64+ 0.60+ 6.86 £
0.03 abc 0.16 ab 0.11 0.48 ab 0.13 0.09 0.13b

G5 0.24 + 0.36+ 0.47 + 2.07+ 5.18+ 0.74+ 8.11+
0.06 abc 0.02 ab 0.07 0.05ab 0.84 0.16 0.33a

Go6 0.18 £ 0.57+ 034+ 212+ 4.52+ 0.80+ 7.37+
0.05 be 0.04 ab 0.03 0.06 ab 0.51 0.11 0.78 ab

G7 0.25+ 0.52 + 045+ 2.04 327+ 0.65+ 6.44 +
0.01abc 0.15 ab 0.00 0.17 ab 0.79 0.05 0.06 b

G8 0.24 + 0.67+ 0.42 £ 2.44+ 5.06+ 0.75+ 8.03 +
0.04 abc 0.23 a 0.04 0.04 a 0.40 0.03 0.65 a

G9 0.35 + 0.58+ 0.48 = 237+ 5.03+ 0.75 8.56 +
0.0la 0.05 ab 0.10 0.17 a 0.61 0.06 147 a

G10 0.22 + 0.67+ 0.47 235+ 5.29+ 0.68+ 839+
0.02 be 0.11a 0.06 0.23 a 1.19 0.17 1.29 a

Significanc * * N.S * N.S N.S *
e

The different letters within same column indicate to presence of significant differences. N.S: non significant, * at
level (p<0.05), G1: Ad libitum feeding (control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6 and G7:
temporal feed restriction (12 hours/day), G8, G9 and G10:diets dilution with sand (15%).1% of fenugreek powder
was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and G10 diets

3.4. The relative lengths of digestive system organs at 21 day

It is evident from table (6) that G4, G5, G6 and G7 were superior (p<0.01) in the length of the
esophagus at 21% day. The highest crop length (p<0.01) was recorded in G5, G6, G7 and G8, compared to
the lowest crop length in G1. The results indicate that there is no significant difference between
experimental groups and G1 in relative lengths of the glandular stomach, gizzard, small intestine and the
large intestine. However, the total length of gut (%) was increased (p<0.01) in G5 and G6 compared to G1.
The same data obtained by [36], [37] who stated there was no significant differences in lengths of small
and large intestine (%) or lengths of the glandular stomach, small intestine and large intestine (%) [42]
while applying quantitative feed restriction at levels (5, 10, 15, 20)% for (7-14). Besides, the result agreed
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with [43] who noticed that there was no significant difference in the length of small intestine when adding
fenugreek to abroiler diet . The improvement in birds fed plant extract supplemented diet , for example in
fenugreek, may be due to its important role in activity of the digestive organs through its effect on the
hypothalamus gland that stimulates the satiety or hunger center in the brain and increase the appetite desire
and body weight and thus relex the gut organs morphology[44]. The augement in anise supplemented diet
in gut weight (%) might be propebly belongs to its analysed bioactive compounds such as anethol and
benzaldehyde, total flavonoids and total phenols.

Table 6. The effect of feed restriction groups on organs lengths (%) of digestive system for broilers at 21 day (mean +
standard error)

Groups Esophagus Crop Glandular | Gizzard Small Large Total
stomach intestine | intestine | length

Gl 0.88 £ 0.47 £ 0.38 £ 0.60 + 18.81 + 450+ | 25.66=+
0.05¢ 0.00 ¢ 0.02 0.01 0.46 0.73 1.14b

G2 0.99 + 0.53 + 0.47 £ 0.61 £ 18.72 + 4.09+ | 2543+
0.01 be 0.08 ¢ 0.13 0.05 1.51 0.63 2.41b

G3 1.18 + 0.65 0.38 £ 0.62 £ 20.14 + 405+ | 2705+
0.02 abc 0.07 be 0.09 0.04 1.30 0.24 1.79 ab

G4 1.37+ 0.63 + 043 + 0.61 + 16.59 + 522+ | 2488+
0.02 a 0.04 be 0.02 0.08 0.71 0.19 0.55 ¢

G5 1.48 + 0.89 0.48 + 0.70 = 21.05 + 577+ 30.39
0.06 a 0.03 a 0.05 0.08 0.03 0.66 0.77 a

Go6 1.37 + 091+ 0.49 + 0.68 = 21.28 + 522+ 2998 +
0.07 a 0.05 a 0.00 0.04 2.78 0.29 3.10a

G7 1.22+ 0.83 + 041+ 0.62 18.76 + 533+ 2721+
0.07 ab 0.06 ab 0.03 0.03 2.10 1.04 3.35ab

G8 0.98 + 0.78 = 0.55+ 0.61 + 19.33 + 488+ | 27.16=+
0.01 be 0.12 ab 0.00 0.00 2.33 1.32 3.77 ab

G9 0.93+ 0.46 £ 0.44 + 0.54 £ 18.95 + 4.20 £ 25.53+
0.07 be 0.06 ¢ 0.01 0.03 2.62 0.25 240b

G10 1.003 + 0.65 + 0.36 + 0.53+ 17.04 + 480+ | 2440+
0.24 be 0.02 be 0.00 0.02 0.83 1.32 240c

Significance ok ok N.S N.S N.S N.S o

The different letters within same column indicate to presence of significant differences. N.S: non significant, * at
level (p<0.05), G1: Ad libitum feeding (control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6 and
G7: temporal feed restriction (12 hours/day), G8, G9 and G10:diets dilution with sand (15%).1% of fenugreek
powder was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and G10 diets.

3.5.The relative lengths of digestive system organs at 42 day

It is clear from table (7) that there was no significant difference between all the different feed
restriction groups and G1 with regard to esophagus and total gut length (%). The highest (p<0.01) crop,
glandular stomach and gizzard lengths (%) were recorded in G8. There was lack of significant differences
among all groups in length of the small intestine and large intestine (%). The reason for the statistical
similarity of the total gut lengths (%) between G1 and the remaining groups might be due to the possible
chance for feed restricted birds to obtain their compensatory growth state after the diet restriction
procedure to obtain similar body weights [45] which was positively reflected in the total relative lengths
and weights of the digestive system. Our result was in agreement with [37] who indicated that there was
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no significant difference in the length of the small and large intestines (%) at 42" day when performing
early feed restriction for broilers.

Table 7. The effect of feed restriction groups on organs lengths (%) of digestive system for broilers at 42" day (mean +
standard error)

Groups Esophagus Crop Glandular | Gizzard Small Large Total

stomach intestine | intestine lenght

Gl 0.65 + 0.26 + 0.19 0.26 + 7.81 % 2.06 + 11.25+
0.04 ab 0.01 be 0.01b 0.02 be 0.84 0.10 1.05 ab

G2 0.54 0.20 + 0.18+ 024+ 7.02 1.78 = 9.98 +
0.00 b 0.00 ¢ 0.00b 0.00 ¢ 0.13 0.05 0.18b

G3 0.54 0.30 + 021« 027+ 8.10 2.03 £ 9.987+
0.12b 0.01b 0.00 ab 0.01bc 0.10 0.12 0.10 ab

G4 0.57+ 0.24 + 022+ 027+ 7.72 2.06 + +11.11
0.01b 0.02 be 0.04 ab 0.04 bc 0.80 0.46 1.34 ab

G5 0.60 =+ 0.25+ 0.20 0.27 + 7.29 + 2.03 + 10.67+
0.02 ab 0.00 be 0.00 ab 0.01 be 0.30 0.00 0.32 ab

G6 0.64 0.30 + 0.19 + 0.29 + 8.01 £ 2.10 + 11.55+
0.00 ab 0.00 b 0.02b 0.01 abc 0.00 0.02 0.01 ab

G7 0.76 + 0.31+ 025+ 030+ 8.59 + 236+ 12.58 +
0.02 a 0.00 b 0.00 ab 0.00 abc 0.38 0.04 0.41ab

G8 0.69 + 0.40 + 027+ 0.34 + 8.86+ 243 + 13.02 +
0.01 ab 0.0l a 0.02 a 0.00 a 0.02 0.12 0.09 a

G9 0.61 + 0.27 + 0.18 + 031+ 8.14 £ 239+ 11.93 +
0.04 ab 0.02 b 0.01b 0.01 ab 0.26 0.17 0.04 ab

G10 0.66 + 0.31+ 0.18+ 0.28 + 822+ 2.01+ 11.69 £
0.05 ab 0.04 b 0.02 b 0.01abc 1.69 0.28 1.54 ab

Significance * ok * * N.S N.S *

The different letters within same column indicate to presence of significant differences. N.S: non significant, * at
level (p<0.05), G1: Ad libitum feeding (control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6 and G7:
temporal feed restriction (12 hours/day), G8, G9 and G10:diets dilution with sand (15%).1% of fenugreek powder
was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and G10 diets.

3.6. The relative weights of visceral organs at 21 day

Table (8) revealed that there is no significant difference between the different feed restriction
groups and G1 in weights (%) of pancreas and kidneys at 21% day . The results also indicated that there
absence of significant differences among all groups weights (%) of the adrenal glands, lungs, bursa of
Fabricius, thymus, spleen and liver. G9 had a significant level (p<0.05) in heart weight (%) compared to
G1. This was in disgreement with [46] who noticed that was a significant increase in weights of liver and
pancreas during exposure the birds to temporal feed restriction. However, our data agreed with [47] who
indicated that there was no significant differences in the weights of the bursa of Fabricius and spleen (%)
for Japanese quail fed restrictively via applying temporal feed restriction regime. The stable heart weight
(%) for the most experimental groups might be reflected on stable health case for birds as compared with
G1. The result did coincide with [41], [48] who stated that a significant decrease in the weight of heart
(%) for broiler subjcted to temporarily restricted diet.
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Table 8. The effect of feed restriction groups on visceral organs weights (%) for broilers at 21 day (mean +
standard error)

Groups Pancreas Adrenal Kidneys | Lungs | Bursaof | Thymus | Spleen Heart Liver
glands Fabricius

Gl 034+ 0.01+ 0.52 + 0.66 + 0.24 £ 0.14+ 0.05+ +0.00 3.63+
0.01 ab 0.00 0.00 ab 0.05 0.04 0.02 0.00 0.50b | 0.26

G2 0.30 + 0.01+ 042+ 0.62 + 0.19+ 0.12+ 0.06+ 0.49 + 3.88+
0.06 ab 0.00 0.04 ab 0.06 0.01 0.00 0.01 0.04b 0.19

G3 023+ 0.01+ 0.34 + 0.56 £ 0.20 + 0.15+ 0.09+ 0.50 + 372+
0.05 ab 0.00 0.09b 0.19 0.00 0.03 0.01 0.04 b 0.05

G4 0.20 + 0.01+ 0.47 + 0.63 £ 0.24 £ 0.15+ 0.07 £ 0.59 + 3.72+
0.04b 0.00 0.20 ab 0.00 0.04 0.03 0.00 0.06 ab 0.45

G5 037+ 0.01+ 0.42 + 0.58+ 0.27 + 0.13+ 0.08+ 0.54 + 374+
0.10 ab 0.00 0.09 ab 0.04 0.00 0.00 0.00 0.00b 0.24

G6 0.30+ 0.01 + 0.40 + 0.59 + 0.23+ 0.19+ 0.07 + 0.50+ 3.04 £
0.01 ab 0.00 0.03 ab 0.08 0.01 0.01 0.01 0.01b 0.24

G7 0.39+ 0.01+ 0.57 + 047+ 0.27 + 0.19+ 0.07+ 0.56 + 359+
0.05 a 0.00 0.01 ab 0.06 0.03 0.03 0.03 0.06 ab 0.29

G8 031+ 0.01+ 0.53 + 0.49+ 0.26 + 0.20+ 0.09+ 0.61+ 3.75+
0.06 ab 0.00 0.09 ab 0.04 0.09 0.09 0.03 0.03 ab 0.31

G9 033+ 0.01+ 0.64 + 0.52+ 0.24 + 0.14+ 0.09+ 0.02 + 390+
0.00 ab 0.00 0.01 ab 0.04 0.03 0.01 0.02 0.70 a 0.06

G10 0.33+ 0.01+ 0.68 + 0.54 + 0.28 + 0.20 + 0.07+ 0.64 + 328+
0.04 ab 0.00 0.00 a 0.07 0.06 0.03 0.00 0.08 ab 0.30
Significan * N.S * N.S N.S N.S N.S * N.S

ce

The different letters within same column indicate to presence of significant differences. N.S: non significant, * at level
(p<0.05), G1: Ad libitum feeding (control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6 and G7: temporal
feed restriction (12 hours/day), G8, G9 and G10:diets dilution with sand (15%). 1% of fenugreek powder was added to G3,
G6 and G9 diets and 1% of anise powder was added to G4, G7 and G10 diets.

3.6. The relative weights of visceral organs at 42 day

Table (9) showed an increase (p<0.05) in weight (%) of pancreas for G10 at 42 days. In the same
table, it is evident that there was a significant increase (p<0.05) in adrenal glands weights at a level
(p<0.05) in G3, G4, G5, G6, G8 and G10. Lack of significant differences is obvious among all groups in
kidneys, bursa of Fabricius, thymus and spleen. Besides, G5 and G9 had high (p<0.05) lungs weights
(%).The current data was in agreement with [29],[49] who indicated that there was no significant
difference in the relative weight of the bursa of Fabricius at the end of the experiment (compensatory
phase) when conducting the quantitative feed restriction either at 7-28 days or at 8-21 days.

4. CONCLUSIONS

Most of the experimental groups has high value of carcass yield with mild effect on carcass cuts.
Each group of feed restriction whether using alone or accompanied with dietary fenugreek, anise or sand
had special mode of action to cause pivotal roles for changing or stability of anatomical weights and
lengths of visceral organs without any clear adverse effect.
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Table (9) The effect of feed restriction groups on visceral organs weights (%) for broilers at 42 day (mean + standard

error)
Groups Pancreas | Adrenal Kidneys Lungs Bursa of Thymus Spleen
gland Fabricius gland

Gl 0.13+ 0.01+ 0.44 £ 0.50 £ 0.10+ 0.12 £ 0.11 £
0.01 be 0.00b 0.02 0.00b 0.04 0.02 0.06

G2 0.12+ 0.01+ 043 + 0.59 + 0.11+ 0.12+ 0.12 +
0.00 ¢ 0.00b 0.00 0.14 ab 0.05 0.03 0.03

G3 0.17+ 0.02 + 0.47 + 0.61+ 0.18 £ 0.12+ 0.15+
0.03 abc 0.00 a 0.13 0.05 ab 0.03 0.00 0.01

G4 0.14+ 0.02 + 0.40 + 0.64 + 0.11+ 0.16+ 0.11+
0.00 be 0.00 a 0.00 0.04 ab 0.00 0.04 0.00

G5 0.23 + 0.02 + 041+ 0.74 + 0.15+ 0.10+ 0.20+
0.03a 0.00 a 0.08 0.00 a 0.02 0.03 0.06

G6 0.14+ 0.02 + 0.51+ 0.66 + 0.10+ 0.10+ 0.13+
0.00 be 0.00 a 0.03 0.01 ab 0.03 0.02 0.03

G7 0.23 + 0.01 + 0.50 + 0.58 + 0.13+ 0.10+ 0.23 +
0.00 a 0.00b 0.03 0.00 ab 0.01 0.03 0.06

G8 0.20 £ 0.02 + 0.53 + 0.59 + 0.16+ 0.12+ 0.10+
0.01 ab 0.00 a 0.00 0.07 ab 0.02 0.00 0.00

G9 0.14 0.01+ 0.54 £ 0.76 £ 0.11+ 0.13+ 0.11+
0.04 be 0.00 b 0.04 0.04 a 0.00 0.03 0.07

G10 0.22 + 0.02 0.55 + 0.62 £ 0.16+ 0.12+ 0.23+
0.01a 0.00 a 0.11 0.02 ab 0.00 0.02 0.01
Significance * * N.S * N.S N.S N.S

The different letters within same column indicate to presence of significant differences. N.S: non significant, *
at level (p<0.05), G1: 4d libitum feeding (control), G2, G3 and G4: quantitative feed restriction (30%), G5, G6
and G7: temporal feed restriction (12 hours/day), G8, G9 and G10:diets dilution with sand (15%). 1% of
fenugreek powder was added to G3, G6 and G9 diets and 1% of anise powder was added to G4, G7 and G10
diets.
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