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ABSTRACT

The present study aimed to investigate the efficacy of garlic bulb as natural
antimicrobial agents in improving the performance of broiler chicks compared to that
of other antimicrobial growth promoters, virginiamycin, copper sulfate and citric acid.
The effect on small intestine thickness, pH value of ileal conteni, some blood
constituents and some internal organs were also, examined.

One hundred and fifty unsexed day old Arbor Acres broiler chicks were fed on
basal diet supplemented with 150 mg/kg copper sulfate, 20 mg/kg virginiamycin, 6
g/kg citric acid or 15g/kg garlic bulb, while the fifth group was fed the control basal
diet.

The result indicated that, average body gain was improved by 13%, 15%, 13%
and 6% due to adding copper sulfate, virginiamycin, citric acid or garlic bulb to the
diets respectlively. Feed consumption values were significantly affected by including
copper sulfate, virginiamycin or citric acid to the broiler diets. Feed efficiency ratio
wasn't affected significantly by feeding diets supplemented with the different feed
additives, however virginiamycin-supplemented diet tend to enhance feed efficiency
ratio. Small intestine thickness didn't respond to different antimicrobial growth
promoters. Bursa and spleen weights were positively affected by different dietary
treatments. Both of citric acid and garlic bulb have a lowering effect on pH value of
ileal content. Plasma cholesterol and total lipid decreased significantly due o feeding
dietary copper sulfate or garlic.

The values of plasma total protein, albumin and globulin were not affected by
different treatments.

It can be concluded that, garlic bulb is less effective than the other three growth
promoters in promoting chicks growth. Virginiamycin, copper sulfate and citric acid
have approximately the same effecliveness in improving poultry growth.

Kaywords: Growth promoters - Virginiamycin — Garlic — Copper suifate — Citric acid -

Broiler chicks diet — Body weight gain — lleal pH — Cholesterol.

INTRODUCTION

Tne role of antibiotics, copper sulfate, organic acid and garlic bulb in
improving the performance of broilers has been well documented. Mode of
action of these growth promoters has received much attention,

In this connection, antibiotics have been used to improve the growth rate and
feed efficiency of chicks (Braude et al 1953, Eyssen and De Somer 1967).
Addition of virginiamycin to broilers chick diets improved body weight and
feed efficiency {Miles et al 1984, Leeson 1984) Antibiotics stimulate the
growth by eliminating undesirable microorganisms that irritate and increase
the thickness of the intestine and as a result, decrease the absorption of
nutrients (Stutz, ef af 1983). Similarly copper sulfate has been established as
growth promoter for poultry due to its bacteriostatic properties {Scott, et af
1982), Pesti and Bakalti {1996) stated that, broilers chick growth was
improved by 4.9% due to adding 125mg/kg copper suffate to the diet.

Citric acid (one of organic acids) supplementation to the diets promotes
the growth of broiler chicks (El-Afifi, et a/2001). Citric acid addition had a
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lowering effect on pH vaiue of small intestine and thereby reducing the
number of pathogenic coliforms bacteria, which is partly responsible for
malabsorption syndrome (Tortuero, 1973).

Recently, much attention has been focused on garlic as a natural
growth promoter for broiler chicks. Ei-Nwawy (1981} and E-Afifi (1997)
reported that, garlic-supplemented diets enhanced the growth rate and feed
efficiency of broiler chicks. The growth promoting effect of garlic was
attributed mainly to its content of antimicrabial agent aflicin (EI-Afifi 1997, Ali
et al 2000).

Because garlic bulb possess' antimicrobial properties, it is frequently
suggested to function in a manner similar to that of antibiotics, copper sulfate
and organic acids. Therefore, the current study aimed to investigate the
efficacy of garlic compared to that of virginiamycin, copper sulfate and citric
acid in improving the performance of broiler chicks. As well to study the
effectiveness of these growth promoters in enhancing the growth of broiler
chicks under same conditions of rearing of birds and same diet. Their effect
on some internal organs, blood censtituents and small intestine thickness
aiso, were examined.
MATERIAL AND METHODS

The current study was carried out in poultry experimental taboratory,
of the Poultry Production Department, Faculty of Agricuiture Ain-Shams
University. In this study, two diets were formulated (Table 1) to meet the
nutrient requirements of broiler chicks during the starter (0-3 wks.) and
grower (3-5 wks.) period according to NRC({1394),

Table {1): Composition and caiculated analysis of experimental diet.

Ingredients Starter diet Grower diet

0-3 Wks. (%) 3-5 Wks %
Yeilow com 54.5 59.65
Soybean meal (44%) 30.15 32.50
Carn gluten meal 8.00 1.00
Vegetable Qil 3.5 3.50
Bone meal a0 2.70 k
Premix® |
Commeon salt |
DI-Methionine \
Lysine {
Total ]
ME (kcalikg)
Protein %
Calcium %

v. Phosphorus %
Meth. + Cyst %
Lysine %

*Vitamins and minerals Premix: each 1kg of supplied the following
per kitogram of diet; vit. A; 5500 lu, vit. D3, 1100 lu, vit E 11 1U,
vit By; 6.6 mg, vit B; 4.4 mg, Choline chloride 220 mg, Copper
3mg, lron 30mg, Manganese 40myg, Zinc 45mg, and Selenium 3mg.
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The basal diets were supplemented with 15g/Kg garlic bulb (on dry

matter basis), 150 mg/ Kg copper sulfate, 20mg / Kg virginiamycin or 6g/kg
citric acid while the fifth diet was represented the control basal diet.
One hundred and fifty unsexed day old Arbor Acres broiler chicks were used
in this experiment. The chicks were wing banded and randomly allocated into
five treatments of 30 chicks each. Each treatment was divided in three battery
cages with 10 chicks to represent three replicate groups.

Electrical heaters were used and artificial lighting was provided
constantly throughout the experimental period. Water and mash feed were
provided ad lib.

The five weeks experimental period were divided into two stages, first
from D to 3 weeks and second stage from 3 to 5 weeks. Weekly body weight
in grams were recorded for each chick and average body weight gain was
calculated for each replicate and treatment group either at week intervals ar
cumulative for each stage of growth. Feed consumption in grams was
recorded weekly for each replicate and treatment group and caiculated
cumulatively for the two stages of growth. Feed efficiency ratio was
calculated for the two stages as number of grams feed per gram gain.

Slaughter traits.

At the end of the first and the second stage, two birds of each
replicate representing the average group weight, were slaughtered, allowed
to bleed, defeathered, eviscerated and internal organs were separated. Liver,
spleen and bursa of fabricius weights were recorded. lleal content samples
were collected and pH value was determined by using pH-meter.

Small intestine thickness.

Small intestine thickness was used as an indicator to the effect of the
tested growth promoters on microorganisms' populations in eliminatory canal.
Small intestine thickness-was determined as the procedures described by
Stutz et af (1983) and calcuiated as small intestine weight (g) / small intestine
length (cm.). ’

Chemical analysis and blood parameters.

Blood samples were collected in a centrifuge tubes with EDTA and
centrifuged immediately for 15 minutes to separate plasma that was decanted
and frozen up to chemical analysis. Plasma total protein was determined
according to Biuret method described by Henery (1964} and albumin was
estimated according to Doumas et al (1972). Plasma globulin was obtained
by subtracting albumin values from total protein values. Plasma total lipid was
determined according o Knight ef af {1872) and total cholesterol according to
Watson (1960).

Statistical analysis.

Statistical analysis was computerized by statistical program SAS
(1988). Duncan's multipte range tests were used to detect significant
differences between means.

RESULTS AND DISCUSSION
1-Body weight gain.
The results of body weight gain of broiler chicks are shown in {Tabie2).
It can be seen that, adding copper sulfate, virginiamycin, citric acid or garlic
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bulb into broiter chicks' diets enhanced the final body weight gain by 13%,
15%, 13% and 6% respectively. This result is well accepted because these
additives have been established as effective growth enhancers. Eyssen et ai
(1962) reported that, addition of 20mg/kg virginiamycin to the broiler diets,
improved body weight gain by 22%. Fisher (1973), and Pesti and Bakalli
{1998) observed an increase in body weight of broiler chicks fed copper
suifate-supplemented diet.

Table (2): Effect of feeding different growth promoters on average body
weight gain at weeks intervals and cumulatively.

Age in weeks |

Additives [ (01 | (1-2) TB-H‘TQ 03 [ (34) T (45 [ (05 |

Body Weight Gain (g) ]

lCopper sulfate 76‘:1.9J 180"45.8 | 328%°t8.4 | 535°414.8 | 326°:8.6 | 372:39 9 1128274548
(122%) (113%)

Virginiamycin | 78.5°x3.1 | 101 4°t7.3 ] 324°t8.4 | 595°412.8 | 327°¢8.4 | 387123 |1309%:31.3
{124%) (115%)

Citric acid 7370%2 3 179°452 | 326°%7 7 ) 578°:11.0 | 308°29) 395+8.5 [1281°+239
{121%) 113%

iGarlic bulb 87°42.1 150°¢5.1 | 313764 | 530792 | 324™%10 | 354£13.2 [12057+10.0
{111%) {106%)

Controf 53°%3.5 | 137°x7.7 [ 288°t11.2 | 478°¢17 0 | 288°t4.7 [ 361150 {1137°136.0
{100%) {100%)

Means 1 STD Error.
a -b within columns, means with no commeon superscripts differ significantly {p<0.05).
*{ } The values as percentage to control

El-Afifi et af(2001) recorded an enhancement in body gain of broiler

chicks by incorperating citric acid in their diets. Ei-Nwawy, {1991) and EI-Afifi
{1997) observed an improvement in body weight gain of broiler chicks by
feeding diets supplemented with garlic bulb.
Also, the results indicated that copper sulfate, virginiamycin, and citric acid
have approximately eguivalent effectiveness in promoting chicks’ growth
{13%, 15% and 13% respectively). This resuit is in harmony with those stated
by King (1972), and Scott et al (1982} that copper sulfate was effective as
antibictics in enhancing poultry growth. Johri et af (1987) reported that,
addition of propionic acid (one of organic acids) had the same effective as
copper sulfate in promoting the growtir of chicks fed moldy or non-moldy
diets.

As well as, garlic bulb was less efficacious in improving body weight
of broiler chicks than the other three additives copper sulfate, virginiamycin
and citric acid (6% vs. 13%, 15% and 13%). That may be due to garlic bulb
as a natural growth promoter contains only 0.03% of antimicrobial agent,
allicin (Sand! and Wagner, 1991) with other fibrous and water contents.
While, the other three additives considered as pure active antimicrobial
substances, thereby they are more effective than garlic bulb in enhancing
broiler growth. The antimicrobiai principle of garlic, allicin, has antimicrobial
activity equivalent to 1% penicillin (EI-Afifi, 1997).

2- Feed consumption.

Feed consumption values (Table 3} for the entire experimental period
{0-5 weeks) were significantly affected by adding copper sulfate,
virginiamycin, or citric acid to the diets of broiler chicks.
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This result is partly in harmony with Stahly et al (1980) who noticed that
dietary inclusion of supplemental copper sulfate or virginiamycin increased
feed consumption of weanling pigs.

The result of citric acid disagreed with those obtained by EI-Afifi et a/
(2001) who reported that dietary supplementation of citric acid had no effect
on feed consumption value. This could be due to different raising conditions
of the birds in the two experiments.
Table {3): Effect of feeding different growth promoters on feed consumption and

feed efficiency ratio of hroiler chicks.

Feed consumption, (g) Feed efficiency (g feed/g gain) \
dditives 0-3) Weeks | (0-5) Weeks | (0-3) Weeks | (0-5) Weeks
opper sulfate B20°+12 2125°+15 1.40°°+0.02 1.65+0.01 |

Virginiamycin 803°10 208921 1.35°20.02 1.60£0.02
Citric acid 807°x13 2109°218 1.40720.01 1.640.04
[Garlic bulb 7557411 1957233 1.41740.03 1.6240.01
Control £85°43.0 1850126 1.43°£0.02 1.6310.04 J

Means t STD Error,
a -b within columns, means with no common superscripts differ significantly (p<0.05).
3- Feed efficiency ratio.

The values of feed efficiency ratio (Table 3) were not affected
significantly by supplementing the diets with different antimicrobial feed
additives. However, virginiamycin-supplemented diet tends to improve feed
efficiency ratio, furthermore, it recorded a significant improvement at the first
stage of growth (0-3 weeks). This result is in agreement with those obtained
by Miles et al (1984), Leeson {1984} that, virginiamycin supplemented diet
improve feed efficiency of broiler chicks,

The result of feed efficiency ratio of citric acid confirms the result of
Brown and Lee (1985} who didn't find any effect cn feed efficiency ratio due
to feeding diets supplemented with citric acid. Concerning feed efficiency
results of copper sulfate and garlic bulb, Konjufca et al (1997) stated that, the
incorporation of neither garlic nor copper sulfate in the diets affected feed
efficiency of broiler chicks.

Effect on small intestine thickness.

The thickness of intestiral wall is consideréd as a good indicator for
the number of microbial populations in intestinal lumen. The presence of
undesirable bacteria may induce a chronic inflammation, resulting in a
thickening of the intestinal wall {(Krinke and Jamroz, 1996).

The small intestine thickness (g. weight/ cm. length) wasn't affected

by adding different antimicrobial feed additives te the broiler diets (Table 4)
and the results facked significance at the final stage of experimental period
{0-5 weeks).
These results didn’t agree with those obtained by the previous studies on
antimicrebial growth promoters, who reported that, small intestine wall
thickness can be reduced by adding copper sulfate (King ,1972),
virginiamycin (Stutz and Lawton ,1984) or garlic bulb (EI-Afifi ,1997). On the
other hand the lacking effect of citric acid on small intestine thickness was in
a good agreement with the results of Waldroup et al {1995) and EI-Afifi et a/
(2001) who stated that, small intestine thickness was not affected by feeding
dietary organic acids.

3427



E[-Afifi, Sh. F.

Tabie (4): Effect of feeding different growth promoters on smalil intestine
thickness and weight of liver, spleen and bursa of slaughtered
chicks at 3 and 5 weeks of age,

Additives Liver | Spleen | Bursa_ [*Sm.lIntes. Thick. g./c
At 3 weeks of age

Copper suifate 22.6741.6 0.63°:0.03 | 1.8°£0.13 0.104°£0.001
Virginiamycin 20.1°t1.5 0.38°:0.14 | 1.7°20.31 0.707°5 10 002 /
Citric acid 21.2%17 0.73%+0.14 | 1.93°%0.00 0.114™£0.006

arlic bulb 21.3%1.4 0.6670.09 | 1.50°+0.11 0.116°40.005
Control 16.2°+1.3 0.40°+0.04 [ 130"£0.29 0.109°£0.003 |

At 5 woeks of age ]

ICopper sulfate 30.4"£2.0 1.67+0.16 3.25+0.48 01030006 |
Wirginiamycin 28.8°£1.0 1.334¢0.17_ [ 2.0710.23 0.093+0.005 |
KCitric acid 31.3%3.1 1.52¢0.11 2.1320.32 0.095+0.007
(Gartic bulb 27.4°+0.8 1.770.14 2.45:0.23 0.10420.004 1
Control 23.8":0.69 1.37+0.06 2.00£0.31 0.1010.004 i
Means £ STD Error.

a -b within columns, means with no common superscripts differ significantly (p<0.05).
*Small intestine thickness = small intestine wt. (g) / small intestine length (cm.).
Effect on spleen, bursa and liver weight.

Both of bursa and spleen weights (Table 4) were positively affected
by adding copper suifate, virginiamycin, citric acid or garlic bulb into broiler
diets. These resuits confirmed the results of the previous studies, which
indicated that, bursa and spleen weights were increased by feeding different
antimicrobial agents, antibiotics (Dafwang et al. ,1885), garlic bulb {EI-Afifi
,1897). Dafwang et al (1985) demonstrated that, the increase in bursa and
spleen weight may reflect an improvement in chicks’ immunity due to feeding
antimicrobial agent.

Absolute liver weight increased significantly by feeding different
antimicrobial growth promoters. The increment in liver weight may be related
to the proportional increase in body weights of growth promoters feeding
groups.

Effect on ileal pH.

The pH values of ileal content were illustrated in Table (5). ltis
evidence that, the pH value cf ileal content were significantly reduced by
adding citric acid into diet. Burnell et af (1988) reported that, supplementation
of citric acid into diet lowered the pH value in small intestine. The reduction in
fleal pH may be responsible for promoting the growth of broiler chicks due to
its modification effect on microbial populations in intestinal lumen {Patten and
Waldroup, 1988). Also, the ileal pH vaiue of garlic feeding group was
significantly lower at the first stage of experiment (0-3weeks). This result
confirms the result of EI-Afifi (1997) who cbserved a significant reduction in
pH value of ileal content by adding minced garlic to the broiler chicks diet.

Neither copper sulfate nor virginiamycin affected pH value of ileal
content, this result confirms the resuit of Leeson et a/ (1997) who reported
that, copper sulfate had no effect on pH value of cecal content.

Effect on some blood constituents.

Table {5) included data of blood total cholesterol, tofal lipid, total

protein, albumin and globulin.
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It is clear that, plasma cholesterol was reduced significantly by
incorporating both copper and garlic bulb {131, 135 vs. 168mg/100ml for the
control) to the broilers chick diets.

Table (5): Effect of feeding different growth promoters on ileal pH and some
blood constituents of slaughtered chicks at 3 and 5 weeks of age.
Cholesterol| Total lipid | Total protein | Albumin| Globulin
mg/100mi | g/100ml g./M100m! | g/100ml | g/100ml
At 3 weeks of age
Copper sulfate  [5.777°£009] 117°+14.2 | 5.70+0.56 | 3.85+£0.22 [1.96+0.22] 1.89+0.40
irginiamycin__ | 5.84°£0.02 | 167~+2.90 | 6.85£0.33 | 3824024 11.93+0 17| 1.89+0.36

Additives lleal pH

Citric acid 5.25°40.10 [ 148%49.70 | 5.70+0.35 | 3.7320.21 |1.9620.05 1.77:0.18
Garlic bulb 562°0.03 | 137%°+104 [ 5.53+0.26 | 3.9210.52 |1.89+0.14| 2.0310.51
Control 6.00°+0 06 | 165°+4 90 | 6.23+0.34 | 3.50£C.22 |1.93£0.19 1 574019

At 5 weeks of age
Copper sulfate | 5.567£0.14] 131°27.7 | 8173017 | 4.35'4015 12.17£0.15] 2.190.24
irginiamycin | 5.637°£0.05] 1527£9.5 | 6.9240.12 | 3.97°%0.16 |2.07£0.11] 1.910 21

Citric acid 52474011 | 145°26.2 | 6.20%0.19 | 3.83°+012 [2.00:0 07| 1.8310.14
Garlic bulb 5 417°+0 10| 135°24.6 | 6.14%0.39 | 4.16°20.15 [1.990,06] 2.17£0.19
[Control 5.83°+011] 168792 | 725:0.21 | 3.70°+0.23 [2.02+0.06| 1.68+0.26

Means t STD Error.
a -b within columns, means with no common superscripts differ significantly (p<0.05).

Virginiamycin and citric acid didn't affect plasma cholesterol level.
Konjufca et al (1997) reported that feeding copper sulfate and garlic resulted
in lower levels of cholesterol in the plasma.

This reduction in plasma cholesterol of copper sulfate and garlic
feeding groups may be related to the reduction of 3hydroxy-3methylglutaryl
(HMG-COA) reductase and cholestero! 7a hydroxylase enzyme activities,
which are responsible for cholesterol biosynthesis in chicken liver (Konjufca
et al 1997). Similarly, plasma total lipid values were reduced by adding
copper sulfate, garlic bulb and citric acid to the diets. Konjufca et al (1997)
stated that the activity of fafty acid synthesis was decreased in birds fed
copper sulfate. Qureshi et al (1983) observed a reduction in biood total lipid
due to adding garlic to the diet. El-Kerdawy (1996) reported that, blood total
lipids reduced by including citric acid into rabbits diet.

Plasma total protein, albumin and globulin were not affected by
feeding diets supplemented with copper suffate, virginiamycin, citric acid and
garlic bulb. These results didn't agree with those obtained by Ei-Sherbiny et
al {1890} who reported that, supplementation of antibiotics to the diet tended
to increase plasma tota! protein, albumin and globulin. El-Afifi et al (2001)
observed a significant reduction in blood tota! protein and albumin due to
feeding dietary citric acid. Concerning garlic bulb the result obtained confirms
the finding of EI-Afifi (1997) who didn't find any affect on plasma total protein,
albumin and globulin due to feeding garlic.

CONCLUSION

In spite of the findings that, garlic bulb enhance the growth of broiler
chicks. but it is still less effective than virginiamycin, copper sulfate or citric
acid in promoting broiler chicks' growth.
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Virginiamycin, copper sulfate and citric acid have approximately
equivaient effectiveness in promoting the growth of broiler chicks.

However, addition of garlic bulb in chicks diet is more effective in
lowering blood cholesterol and total lipid compared to virginiamycin and citric
acid.
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