
Introduction
The poultry sector is continuously searching for new feed

additives in order to improve the feed efficiency and the ani-
mal health. The use of feed additives has 2 objectives : (I) the
control of pathogen microorganisms such as Salmonella and
Coliforms, and (II) to enhance the digestive microflora with
beneficial microorganism [17]. Although antibiotics possess
these beneficial effects, their use as growth promoters in the
poultry industry has been intensively controversial because
of the development of bacterial resistance and potential
consequences on the human health. That is the reason why
alternative materials to antibiotics are researched. Among
these compounds, organic acids are promising alternatives
[10].

Dietary organic acids and their salts are able to inhibit

microorganism growth in the food, and consequently to pre-
serve the microbial balance in the gastrointestinal tract. In
addition, by modifying intestinal pH, organic acids also
improve the solubility of the feed ingredients, digestion and
absorption of nutrients [1, 14, 15, 18, 22]. Previous studies
reported that organic acids such as propionic, fumaric, sorbic
and lactic acids and their salts have shown variable effects on
egg production and egg quality parameters. These discrepan-
cies would be related to the source, the amount of organic
acids used and the composition of the diets [9, 12, 25]. On
the other hand, only few data on blood parameters in laying
hens supplemented with organic acids are available. This
study was conducted to determine the effects of different
doses of organic acid mixture on egg production, egg quality
parameters, internal organ weights and blood biochemical
parameters.
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RÉSUMÉ

Effets de l’addition dans la ration d’acides organiques sur la croissance,
la production et la qualité des œufs et sur quelques paramètres sériques
chez les poules pondeuses. Par D. YESILBAG et I. ÇOLPAN.

La présente étude a été conduite afin de déterminer les effets d’une sup-
plémentation alimentaire en acides organiques (0.5, 1.0 et 1.5%) sur les per-
formances zootechniques (croissance, consommation et efficacité de la
ration, production en œufs), les qualités des œufs et sur les paramètres
sériques des poules pondeuses. Au total, 180 poules pondeuses blanches
Lohman LSL âgées de 20 semaines ont été réparties en 4 groupes de 45 ani-
maux. Les poules ont reçu une ration (caractérisée par 17% de protéines
brutes et 2800 kcal/kg en énergie métabolisable) supplémentée par 0%
(groupe contrôle), 0.5% (groupe I), 1.0% (groupe II) et 1.5% (groupe III)
d’un mélange d’acides organiques (acides formique et propionique et sels
ammoniaqués correspondants) pendant 18 semaines. Le traitement en
acides organiques de la ration n’a pas affecté de façon significative les para-
mètres de croissance (poids vif et quantité de l’ingéré), mais il a amélioré
notablement la production en œufs en accélérant la capacité de ponte chez
les poules de 24 à 28 semaines et en prolongeant la période de ponte des
poules de 36 et 38 semaines, ainsi que l’efficacité alimentaire à un moindre
degré. La protéinémie, l’albuminémie et l’activité sérique de l’AST ont été
significativement augmentées alors que les autres paramètres sériques tes-
tés (activité de l’ALT, cholestérolémie, triglycéridémie, lipidémie totale et
concentrations en HDL et LDL) n’ont pas varié. L’ensemble de ces résultats
montre qu’une supplémentation  de la ration en acides organiques peut être
envisagée chez la poule pondeuse afin d’améliorer la production en œufs et
l’efficacité du métabolisme protidique.

Mots-clés : Poules pondeuses - acides organiques - pro-
duction d’œufs - croissance - paramètres sériques.
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SUMMARY

The present experiment was carried out to determine the effects of dieta-
ry organic acid supplementation (0.5, 1.0, and 1.5 %) on performance (body
live weight, feed intake, feed efficiency, and egg production), egg quality
and blood parameters in laying hens. A total of 20 week old 180 Lohmann
LSL white layer hens which were divided into 4 groups each containing 45
hens. The hens were fed with diets (17% crude protein and 2800 kcal/kg
metabolic energy) supplemented with 0% (control group), 0.5% (group I),
1.0% (group II), 1.5% (group III) organic acid mixture (formic and propio-
nic acids, and their ammonium salts) during 18 weeks. The dietary organic
acid supplementation did not significantly affect growth performance (body
weight, food consumption) and egg quality parameters. But this treatment
markedly improved the egg production, by accelerating the laying capacity
and prolonging the laying period in 24-28 week old and 36-38 week old
hens respectively and the feed efficiency at a lesser extend. Serum total pro-
tein (p<0.01) and albumin concentrations (p<0.05) as well as AST activity
(p<0.05) were significantly increased, whereas the other tested serum para-
meters (ALT activity and cholesterol, HDL, triglyceride, VLDL and total
lipid concentrations) were unaffected. From these results, it was concluded
that dietary supplementation with organic acids and their salts could be used
in layer hens with benefit on egg production and protein metabolism effi-
ciency.

Keywords : Laying hens - organic acid - egg production -
performance- serum parameters.
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Materials and Methods

CHICKS, EXPERIMENTAL DESIGN AND DIET

One hundred and eighty, 20 week old, Lohmann LSL
white layer hens were used in the study. Layer hens were
weighed and randomly divided into 4 groups of 45 animals
each one. Each group consisted of 3 subgroups of 15 hens.
The laying hens were fed with the basal diet (control group),
containing 17 % crude protein (CP) and 2800 kcal/kg meta-
bolizable energy (ME), or the basal diet supplemented with
0.5 % (group I), 1.0 % (group II) or 1.5 % (group III) of an
organic acid mixture for 18 weeks. The organic acid mixture
(Biotronic-se Forte, Topkim AS, Istanbul) was a commer-
cially available product that contains formic acid and propio-
nic acids and their ammonium salts. All the diets were pre-
pared as to be isocaloric and isonitrogenous. The ingredients
and chemical composition of diets are shown in Table I, and
the pH of diets declined in experimental diets according to
the organic acid contents added to the ration. The hens were
randomly assigned to cages (40 x 40 x 46 cm), 3 hens per
cage. Feed and water were supplied ad libitum. During the
experiment, hens were exposed to day light plus to a lighting
program of 17 hours by day.

DATA COLLECTION, CHEMICAL AND BIOCHEMICAL
MEASUREMENTS

The proximate analysis of the feeds was performed using
the methods of AOAC [2]. The metabolisable energy level
(ME) of the feeds was calculated by the following formula
which is described in Turkish Standards No: 9610 [20] {ME
(kcal/kg) = 38 (A+B+C+D) + 53} where A: % crude protein
x 1.0; B: % crude fat x 2.25; C: % stark x 1.10; D: % sugar x
1.05. Hens were weighted at the beginning and at the end of
the experiment, when they were 20 week old and 38 week
old respectively. Egg production was recorded daily. Egg
weights, feed efficiency and feed consumption were recor-
ded weekly. Feed efficiency was calculated as gram feed :
gram egg. The pH of the diets was measured using a pH
meter after adding 1 g of diet to 9 ml of glass-distilled water
and mixing for 10 minutes.

Blood samples were collected by venipuncture from the
sub-wing vein and placed in non-additive blood collection
tubes to produce serum from a sub-sample of 9 randomly
selected laying hens from each treatment group at the end of
the trial. Serum was separated by centrifugation at 1800g,
+4°C, for 15 minutes and analysed for total protein, albumin,
cholesterol, HDL (high density lipoprotein), triglyceride,
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TABLE I. — Ingredients and proximate analysis of the control and organic acid supplemented diets (group I by 0.5%,
group II by 1.0% and group III by 1.5% of organic acid mixture that is composed by formic acid, propionic acids
and their amonium salts)

ME : Metabolisable energy , NPN : Non Protein Nitrogen
* : Provided the following nutrients per 2.5 kg diet ; 12.000.000 IU Vitamin A, 2.000.000 IU Vitamin D3, 35.000mg

Vitamin E, 3.000 mg Vitamin K3, 3.000mg Vitamin B1, 6.000mg Vitamin B2, 4.000mg Vitamin B6, 15mg Vitamin
B12, 30.000 mg Niacin, 8.000mg Calcium 10.000mg D- Pantothenate, 1.000 mg Folic Acid, 50.000 mg Vitamin C,
50 mg Biotine, 80.000 mg Manganese, 60.000mg Iron, 60.000 mg Zinc, 5.000 mg Copper, 5.000 mg Iodine, 200
mg Cobalt, 150 mg Selenium,10.000 mg Anticoccidial, 

** : Biotronic-se Forte: The commercial product contains formic and propionic acids and their ammonium salts 
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VLDL (very low density lipoprotein), and total lipid concen-
trations and serum AST and ALT activities by a biochemical
analyser using commercially available kits (Abbott diagnos-
tics, USA). The weights of heart, liver without gall bladder,
spleen and abdominal fat were measured individually in 9
hens from control and treatment groups.    

EGG QUALITY MEASUREMENTS 

Egg quality parameters (yolk index, albumen index, haugh
unit, shell thickness and shell breaking strength) were asses-
sed once a month 24h after egg collection.  Shell breaking
strength was measured by a specific instrument (DR-
Ing.Georg Wazau, Plus tech., Germany) [16]. Shell thickness
was measured at three locations (air cell, equator and sharp
end) using a micrometer (Mitutoyo, 0.01 mm, Japan) [23].
Albumen height (HA) was measured by a tripod micrometer
(Mitutoyo, 0.01 mm, Japan), albumen length (L) and width
(WA) by a compass (Swordfish, 0.02 mm, China) and then
the albumen index was calculated with the following for-
mula [Albumen index = (HA / {(L+ WA)}) x 100] [5]. The
yolk height (HY) was measured by tripod micrometer
(Mitutoyo, 0.01 mm, Japan) and the yolk diameter (D) by a
compass (Swordfish, 0.02 mm, China). The yolk index was
calculated by the formula [Yolk index = (HY / D) x 100] [5].
Haugh unit was calculated with following formula where the
HA is albumen height and WE is egg weight (Haugh unit =
100 log HA + 7.57 - 1.7 WE 0.37) [5]. 

STATISTICAL ANALYSIS

Statistical analyses of data were performed using the SPSS
10.0 version of Microsoft. One-way ANOVA [19] was used
for the differences between groups. When the P-values were
significant (p< 0.05), a Duncan’s multiple range test was per-

formed [8]. All the data were expressed as means ± standard
errors.

Results
As shown in Table II, dietary organic acid supplementa-

tion did not significantly modify body live weight, feed
consumption or feed efficiency rate, although this last para-
meter tended to decrease in experimental groups. Mean egg
weight and egg quality parameters were comparable in the
control group and in the organic acid supplemented groups
(Table III). The shell thickness, the egg mechanical resis-
tance (evaluated by shell breaking strength and Haugh unit)
and the total egg composition (evaluated by yolk and albu-
men indexes) were not improved by addition of the organic
acid mixture into the diets. The average egg production (cal-
culated from the 18 weeks of experiment) slightly increased
in the experimental groups (91.03 ± 1.65 %, 90.94 ± 1.29 %
and 91.30 ± 1.56 % in groups I, II and III respectively) com-
pared to the control group (85.76 ± 2.08 %), but the diffe-
rence was not statistically significant. However, the egg pro-
duction significantly increased more quickly in dietary orga-
nic acid supplemented groups, when hens were between 24
and 28 week old, than in the control group (Table IV)
(p<0.01 and p<0.05 at the 24th and at the 26th-28th weeks
respectively). In the same way, at the end of experiment
(when hens were between 36 and 38 week old), this parame-
ter remained elevated in the supplemented groups and signi-
ficantly decreased more slowly than in the control animals
(Table IV) (p<0.01 and p<0.05 at the 36h and the 38th weeks,
respectively).The egg production was the highest in the
experimental group receiving 1.5 % organic acid supplemen-
tation (Table IV), although no dose-effect relationship was
evidenced.

NS : Not significant

TABLE II. — Body live weight, feed consumption and feed efficiency rate in the control and the dietary organic acid supplemented.

NS : Not significant

TABLE III. — Egg weight and egg quality parameters in the control and the dietary organic acid supplemented groups during 18 weeks.
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Dietary supplementation with organic acid mixture (1.0%
and 1,5%) significantly increased the serum total protein and
albumin concentrations (p<0.01 and p<0.05, respectively),
as well as AST activity (p<0.05) in laying hens (Table V). By
contrast, slight but not significant decreases of total protein
and albumin concentration were observed in the group II
(0.5% organic acid mixture supplementation). The other
serum parameters (cholesterol, HDL, triglyceride, VLDL,
and total lipid concentrations and ALT activity) were not
significantly different between controls and treated birds
(Table V). Besides, no significant variations of liver, heart,
spleen and abdominal fat weights were recorded according
to the diets of laying hens (Table VI).

Discussion
Supplementation with organic acids reduced the pH of the

diets according to the added content of organic acids. This

effect was interesting because it would allow an increase of
protein digestibility by enhancing digestive enzyme activi-
ties [13] and the reduction of pathogenic bacteria activity in
the feed. 

The consequent improvement of feed efficiency and the
increase of body live weight were already demonstrated in
broilers and in quail chickens [7, 15, 21, 22, 24].  In laying
hens JENSEN and CHANG [12] have reported a beneficial
effect of dietary 0,4% and 0.8% calcium propionate supple-
mentation on feed efficiency; and GAMA et al [9] have
shown that dietary addition of 0.05% organic acid increased
the body weight. However, in our study, although a tendency
for improvement of the feed efficiency was noted, dietary
organic acid supplementation did not induce any significant
effect in food consumption, feed efficiency rate or in the
body weight.  

CAVE [6] and JACOP et al. [11] reported a decrease in
food consumption in broiler chickens fed with a diet contai-

NS : not significant,    a-b The mean values within the same row with different superscripts differ significantly, * p< 0.05.  ** p< 0.01.   *** p< 0.001.

TABLE IV. — Evolution of the egg production (%) of laying hens in the control and the dietary organic acid supplemented groups.

NS :  not significant,    a-c The mean values within the same row with different superscripts differ significantly,  * p< 0.05,  ** p<0.01

TABLE V. — Serum parameters of laying hens at the end of the experiment in the control and the dietary organic acid supplemented groups during 18 weeks.

NS : not significant

TABLE VI. — Interne organ weights (g/bird) of laying hens in the control and the organic acid supplemented groups measured at the end of the experiment.

Laying Hen age Dietary organic acid supplementation
(in week) Control group 0.5% (group I) 1.0% (group II) 1.5% (group III) P

22 64.76 ± 3.97 70.22 ± 1.69 77.45 ± 5.11 72.37 ± 1.65 NS
24 73.65 ± 1.27a 85.07 ± 2.53b 84.12 ± 2.48b 86.64 ± 1.10b **
26 82.53 ± 1.27a 89.83 ± 2.08b 89.20 ± 2.22b 89.83 ± 1.14b *
28 81.90 ± 2.40a 91.39 ± 2.43b 90.79 ± 0.32b 90.79 ± 1.68b *
30 91.07 ± 0.82 96.13 ± 0.55 92.03 ± 1.93 93.90 ± 3.19 NS
32 93.57 ± 0.63 93.90 ± 0.85 93.27 ± 0.93 94.87 ± 0.82 NS
34 97.08 ± 0.55 97.70 ± 0.85 96.33 ± 0.55 98.33 ± 0.33 NS
36 96.13 ± 0.55a 97.37 ± 0.63ab 98.67 ± 0.67b 98.33 ± 0.33b *
38 91.20 ± 0.70a 96.60 ± 0.63ab 93.67 ± 1.60b 96.63 ± 1.71b **

Average 85.76 ±2.08 91.03 ± 1.65 90.94 ± 1.29 91.30 ± 1.56 NS

Dietary organic acid supplementation
Serum Parameters Control group 0.5% (group I) 1.0% (group II) 1.5% (group III) P
Total protein (g/l) 3.88 ± 0.27a 3.73 ± 0.27a 4.60 ± 0.10b 4.71 ± 0.26b **

Albumin (g/l) 1.43 ± 0.09ab 1.35 ± 0.10a 1.65 ± 0.04b 1.66 ± 0.07b *
ALT (U/l) 120.25 ± 17.86a 134.11 ± 7.37ab 159.66 ± 4.43bc 175.55 ± 16.10c *
AST (U/l) 5.11 ± 1.47 4.44 ± 1.17 7.44 ± 1.96 3.55 ± 0.71 NS

Cholesterol (mmol/l) 124.33 ± 20.22 110.22 ± 13.54 156.22 ± 16.95 112.22 ± 12.01 NS
HDL (g/l) 17.11 ± 3.59 14.00 ± 2.83 17.79 ± 3.24 14.22 ± 2.29 NS

Triglyceride (mg/l) 1418.78 ± 85.09 1436.89 ± 69.15 1604.0 ± 29.40 1369.44 ± 99.25 NS
VLDL (g/l) 283.66 ± 16.97 287.33 ± 13.88 320.77 ± 15.90 273.88 ± 19.80 NS

Total lipid (mg/l) 1843.11 ± 94.14 1847.22 ± 71.56 2060.22 ± 33.68 1781.78 ± 109.60 NS

Dietary organic acid supplementation
Serum Parameters Control group 0.5% (group I) 1.0% (group II) 1.5% (group III) P

Heart weight 6.73 ± 0.30 7.18 ± 0.21 7.44 ± 0.32 7.41 ± 0.22 NS
Liver weight 36.82 ± 0.90 37.80 ± 1.13 38.06 ± 1.53 36.18 ± 0.82 NS

Spleen weight 1.58 ± 0.06 1.53 ± 0.05 1.71 ± 0.1 1.58 ± 0.06 NS
Abdominal fat weight 41.00 ± 8.29 44.22 ± 4.40 32.33 ± 3.99 39.77 ± 4.56 NS



ning 3% and 7.5% lactic acid respectively compared to
controls. It can be postulated that this high amount of organic
acid supplementation may reduce the feed consumption,
because of changes in diet palatability. In the present study,
the 1.5% addition of organic acid mixture to diets was suc-
cessfully tolerated by the chickens. 

By contrast, dietary organic acid supplementation has
accelerated the egg production increase in 24-28 week old
laying hens compared to control birds and extended the per-
iod of egg production. Indeed, 36-38 week old supplemented
hens exhibited a highest laying capacity than the not supple-
mented females. Albeit the average egg production was
more elevated in experimental groups, the difference with
the controls was not significant. Nevertheless, in agreement
with previous studies [9, 12] it can be concluded that organic
acid supplementation has positive effects on egg production
in laying hens. On the other hand, organic acid dietary regi-
mens have no significant effect (p>0,05) on egg weight and
on egg quality parameters (shell breaking strength, yolk
index, albumen index, haugh unit, shell thickness).  In agree-
ment with our results, the addition of different organic acids
(propionate 0.1-0.8%, lactate 0.5-1.0%) into diets has not
significantly modify the egg weight in laying hens [4, 9, 12,
25].

By contrast, YALÇIN et al. [25] reported significant diffe-
rences in albumen index (p<0.01), yolk index (p<0.01) and
haugh unit (p<0.05) in layer hens supplemented with 1 %
lactic acid. GAMA et al. [9] reported a slight decline of
haugh unit in hens receiving 0.05% organic acid supplemen-
tation.

In the present study, although abdominal fat accumulation
tended to decrease in groups dietary treated by 1.0% and
1,5% organic acids, no significant variation of the interne
organ weights (heart, liver and spleen) was evidenced. In the
same way, JENSEN and CHANG [12] have observed no
significant effect of calcium propionate on liver weight in
hens. 

Only few studies looking for the effect of dietary organic
acid supplementation on blood parameters have been
conducted on laying hens. ARSLAN and SAATÇI [3] have
reported that serum cholesterol concentration was not chan-
ged whereas total protein concentration significantly increa-
sed in Japanese quails receiving bacteria (Lactobacillus bul-
garicus) able to produce lactic acid as probiotic. In our study,
among the different serum parameters measured, serum total
protein and albumin concentrations and also AST activity
were significantly enhanced at the end of the experiment in
laying hens receiving the highest dosages of organic acids
(1.0% and 1.5%) whereas lipid metabolism markers (choles-
terol, HDL, LDL, triglyceride and total lipid concentrations)
were unaffected. This effect of organic acid supplementation
on protein metabolism may be related to improvement of
intestinal amino-acids absorption in acidic conditions that
consequently enhances protein synthesis.

In conclusion, this study has shown that dietary organic
acids supplementation induced positive effects on egg pro-
duction and feed efficiency, and affected protein metabolism
at a lesser extend in laying hens. By contrast egg weight and
egg quality criteria and some blood parameters (ALT acti-
vity, cholesterol, HDL, triglyceride, VLDL and total lipid
concentrations) were not significantly affected by treatment.
In the light of these findings, it is thought that organic acids

may be beneficial when used in laying hen diets. However,
further investigations are needed for evaluating metabolic
effects of organic acids in laying hens.
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