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Abstract
Objective: The objective of this study was  to  evaluate  the  growth  performance,  some  haematological  and  serum immunological
and  biochemical   parameters    of  laying   hens   supplemented   with   whey   (LW)   and   ACIDAL®ML   mixed  in  drinking  water.
Materials and Methods: Seven hundred and fifty Isa Brown hens’ chicks were randomly assigned to five treatments and five replicates
of 150 birds each. The birds were reared for 36 weeks. The treatments were administered in the drinking water at dosages: 250 mL LG1

of LW (Lacto 25) and 500 mL LG1 of LW (Lacto 50) and 1 mL LG1  of ACIDAL®ML (Aci).  A  positive  control  group  (T+)  was  treated  with
500 mg LG1 of Tétracolivit (antibiotic). The negative control group (T-) was offered drinking water only. During experimental period, feed
intake, body weight, average daily gain, feed conversion ratio and mortality were recorded. At weeks 12, 24 and 36, blood samples were
collected from 10 birds of each treatment group for determination of total proteins, albumin, triglycerides, cholesterol, immunoglobulin
(IgA and IgG) concentration and haematological parameters. Results: Supplementation of ACIDAL®ML and LW decreased feed intake and
mortality leading to increased body weight gains and improved feed conversion ratio (FCR). Administration of LW and ACIDAL®ML
increased red blood cells, haemoglobin, haematocrit, serum albumin and IgA values but decreased white blood cells (WBC), lymphocyte
and serum IgG. Conclusion: LW and ACIDAL®ML supplementation in hens’ drinking water, improved growth performance and reduced
mortality. Furthermore, LW and ACIDAL®ML improved hen’s immune status by decreasing serum IgG, WBC and lymphocytes while
increasing serum IgA and albumin content.
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INTRODUCTION

Health is one of the key factors which strongly influence
the production performance of laying hens1. Antibiotics are
thus used in livestock production for therapeutic purposes
and sometimes, to improve performance. As the use of these
drugs in laying hens is increasingly minimized to avoid
potential egg residue and possible antimicrobial resistance
issues, poultry farmers rely on nutritional factors that tend to
improve health status and growth performance2,3. Therefore,
the use of organic acids, prebiotics, probiotics and symbiotics
in the diet of poultry is considered as a suitable alternative to
improve their growth performance and health status.
However, these productsare often synthetic, relatively
expensive and in accessible to farmers, especially in the rural
areas. Thus, there is an on-going search to find natural
alternatives to antibiotics that are available at lower cost.

Many by-products are rejected and discarded by the dairy
industry and these can be recovered and used as additives in
livestock production according to their nutritional values. One
of such by-products is whey: a by-product of the cheese
industry rich in nutrients, mineral salts and vitamins4. Whey
has been considered as a highly nutritive by-product that can
be used to feed farm animals in liquid, condensed or dried
form, or as dried whey products5,6. For many years, whey has
been used in feeding monogastrics7,8. Supplementation of
whey powder has been shown to improve weight gain and
nitrogen retention in turkeys8 and in broiler chickens9,10.
Lactose is a major component of whey and it can be used as
a prebiotic-like compound because it is non-digested by
poultry but may promote the growth of beneficial intestinal
bacteria. To be metabolized, lactose requires the hydrolysis by
the lactase-brush border enzyme in the intestine11. However,
lactase activity in the proximal intestine of birds is negligible12,
entering to the  large  intestine  at  higher  concentrations
than other sugars13.  Thus,  undigested  lactose  is fermented
by large intestinal microbiota14, thus affecting the intestinal
microorganisms’ composition and their fermentation
products15-17. It is known that inadequate high amounts of
lactose might result in formation of gas causing intestinal
discomfort, bloating and osmotic diarrhoea13,18. Nevertheless,
microbial lactose fermentation is considered beneficial to the
poultry host if side effects are avoided by supplementing
appropriate amounts to the diet17. Furthermore, lactose-
induced effects such as the maintenance of the immune
system and the improvement on ileum morphology19 have
also been attributed to microbial lactose fermentation. Few
studies have investigated the use of liquid whey in poultry
diets. The few studies carried out in poultry have clearly

indicated that, taking into the account of lactose intolerance
in poultry, the best way to enhance whey utilization in its
liquid form is to mixit in drinking water10,18,20. However, these
studies have mostly been carried out on broilers or laying hens
during the first egg production phase (for very short periods).
Consequently, the aim of this study was to investigate the
effect of whey and ACIDAL on growth performance, some
haematological, immunological and biochemical parameters
of laying hens from day-old to 36 weeks of age.

MATERIALS AND METHODS

Experimental animals and experimental design: Due to the
lack of an animal welfare committee at the University of Lomé
at the time of this research, the research was conducted in
accordance to the guidelines of the Canadian Council on
Animal Care21.

A total of 750 Isa Brown hens’ chicks at 1 week of age
were purchased from the Laboratory of Poultry Production
Techniques Hatchery of the University of Lomé. The birds were
reared in an open-sided poultry house. Birds were kept in a
deep litter system divided into pens measuring 3.30×2.50 m
with 2.60 m height. Wood shavings were used as litter
materials for the birds. Thirty birds were allocated in each pen
and were randomly assigned to the experimental treatments
as follows:

Chicks that did not receive any supplement of whey,
ACIDAL or antibiotic in the drinking water [Negative control
group (T-)], chicks that received 1 g of Tétracolivit (antibiotic)
in per litre of drinking water [Positive control (T+)], 1 mL of
ACIDAL®ML in per litre of drinking water [ACIDAL group (Aci)],
250 mL of liquid whey in per litre of drinking water (25%)
[Lacto 25 group (Lacto 25)], 500 mL of liquid whey in per litre
of drinking water (50%) [Lacto 50 group (Lacto 50)]. Each
treatment had 5 replicates of 30 birds.

Origin of whey and ACIDAL®ML: Whey was daily obtained
from traditional cheese “wagashi” producers from Badja,
Todomé and Vodomé in Avé prefecture (south of Togo). Cow
milk from these three different farms was obtained to produce
the whey. An aqueous extract of the stems of Calotropis
procera  were added as coagulant. The extract was prepared
by pounding the washed stems in a mortar. Then, the residue
material was mixed with a small amount of water and filtered
with a sieve. Caseins were precipitated by the addition of the
Calotropis  procera  aqueous extracts to the milk. After a
gentle heating coagulation occurred and the curd  formed
was separated from the whey by dripping. The whey was
prepared and used every day and kept in sterilized cans until
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use. ACIDAL®ML (organic acids) used in this study, was
provided by Impextraco, nv, Belgium. The dosage rate 1 mL LG1

of  water  used  in  the  current  study  was  based  on
manufacturer's recommendation and our previous study22.

Supplement administration: Whey was mixed with the water
at two different concentrations: 50 and 25%. The water was
prepared by mixing 50% of water and 50% of whey for one
experimental group and by mixing 75% of water and 25% of
whey for the second experimental group. On the other hand,
ACIDAL®ML supplement was prepared by mixing 1 mL in 1 L
of water, while Tétracolivit supplement was prepared by
mixing 1 g in 1 L of water. The amount of the supplement
ingested per day was calculated by multiplying the daily water
consumption for each treatment by each supplement
concentration. Then the average individual daily supplement
intake was: 130 and 65 mL dayG1, for 50 and 25% whey
treatments, respectively; 0.26 mL dayG1 for the ACIDAL®ML
treatment (over all experimental time) and 260 mg dayG1 for
the Tétracolivit treatment (during 5 consecutive days per
month).

Feeding and management: All birds were fed the same
standard diet, which was formulated to meets their nutritional
needs in terms of energy and protein and according to the
age: starter diet for chicks under 8 weeks of age; grower diet, 

for pullet between 9 and 20 weeks of age; and layer diet for
hens over 20 weeks of age. The nutritional composition of the
experimental diets is presented in Table 1. Feed and water
were provided ad  libitum.

Data collection
Growth performance: Feed intake and body weights of the
birds were recorded weekly in each replicate. During the
laying period, total eggs weights produced per pen were
recorded daily. The average daily feed intake (ADFI), daily
water consumption, average daily gain (ADG) and feed
conversion ratio (FCR) were calculated. From 0-20 weeks of
age, FCR of the birds was calculated by dividing daily feed
intake (g) by daily gain (g) and from 21-36 weeks of age, FCR
was calculated by dividing daily feed intake (g) by the weights
of the eggs laid daily. Mortality was recorded daily and ADG,
ADFI and FCR were corrected for mortality.

Immunological     and      Biochemical      characteristics
determination: At 12, 24 and 36 weeks of age, two 12 h fasted
hens from each replicate were randomly selected (ten hens
per treatment) and blood samples were collected from each
hen through the wing vein using sterilized needles and
syringes into non anticoagulant bottles. Serum were
separated by centrifugation (3000×g for15 min) at room
temperature  and  stored  at  -20EC  until analysis.  Biochemical

Table 1: Ingredients and nutritional composition of the experimental diets
Composition (%)
---------------------------------------------------------------------------------------------------------------------------

Ingredients Starter diets Grower diets Layer diets
Maize 58.00 56.00 58.00
Wheat bran 7.00 18.00 8.00
Spent grain 0.00 0.00 0.00
Soybean meal 10.00 6.00 0.00
Roasted soybeans 18.00 8.00 15.00
Fish meal 0.00 3.50 9.00
oyster shell 2.00 2.00 6.25
Concentrate 4.00 6.00 3.00
L-Lysine 0.50 0.20 0.20
DL-Methionine 0.50 0.30 0.30
NaCl 0.00 0.00 0.25
Total 100.00 100.00 100.00
Calculated and determined composition1

ME (kcal kgG1) 2907.29 2719.66 2832.77
Crude protein 20.78 17.59 17.63
Lysine 1.36 1.06 1.11
Methionine 0.89 0.73 0.71
Meth+cystine 1.11 0.92 0.92
Calcium 1.17 1.45 2.55
Phosphorus 0.41 0.54 0.71
Crude fat 6.37 4.90 6.35
Crude fibre 4.70 5.03 5.19
Ash 1.29 1.41 2.40
Moisture 1.37 2.57 1.78
1Data are based on analysed values of main feed ingredients (i.e., maize, soybean, fishmeal, wheat bran)
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parameters  (total  proteins,  Albumin,  triglycerides  and
cholesterol concentration) of blood serum were determined
using commercial diagnosing kits (SPINREACT, S.A./S.A.U. Ctra.
Santa Coloma, 7 E-17176 Sant Esteve de Bas Spain). Serum
immunoglobulin (IgG and IgA) were determined using a
sandwich enzyme immunoassay kit (ABYNTEK BIOPHARMA
S.L, Spain; ABK1-E7717 and ABK1-E804).

Haematological studies: Blood samples were collected from
2 birds selected randomly from each replicate at  12,  24  and
36 weeks of age. Blood samples were collected from the wing
vein into anticoagulant (heparin) bottles and analysed for red
blood cells, haemoglobin, packed cell volume, white blood
cells, lymphocyte and Neutrophil using a  Haematological
Auto Analyzer (Mindray Automated Haematology Analyzer,
BA-88A).

Statistical   analyses:   All   results   are   expressed   as
Means±standard error of the mean (SEMs). The normality of
variables was assessed using Q-Q graphs. One-way ANOVA
test and a general lineal model were used to determine
differences among the three times (12, 24 and 36 weeks) and
among the five treatments (T-, T+, Aci, Lacto 25 and Lacto 50).
Multiple comparison post-hoc analysis adjusted by Tukey were
done to identify the differences between groups. In all cases,
more than 95% of the data were analysed. A p value <0.05 was
considered significant. All statistical analyses were performed
using the Statistical Package for Social Science (SPSS) version
20.0 for windows (SPSS Inc., Chicago, IL, USA).

RESULTS

Growth parameters and mortality: The effect of LW and
ACIDAL®ML treatment on growth performance of laying hens 

is presented in Table 2. At the end of the first 8 weeks of age,
no differences were observed in the ADFI (p = 0.970) and ADG
(p = 0.243) of the birds.  But,  birds  in  T-group  had  higher
FCR values when compared with the Aci and Lacto 50  groups
(p = 0.016). Average mortality values in T-group was higher
(p<0.0001)  than  those  of  others  groups.  From  9-20th
weeks of age, ADFI values remained unaffected by treatments
(p = 0.526), while ADG was lower and FCR was higher in
negative control group (p<0.001) when compared  with
others groups. Mortality was higher (p = 0.035) in the birds of
T- group than those of Aci group. From 21st week of age
onward, birds in T-group had higher ADFI and FCR values
when compared with the others groups (p<0.001). The
mortality values  were  higher  in  T-group  compared  with  Aci 
group (p = 0.031).
For the entire experimental period, birds treated with

antibiotic, LW and ACIDAL®ML had higher ADG (p<0.001),
lower FCR and mortality (p<0.001) than those in negative
control group. But there were  no  differences  in  the  ADG,
FCR and mortality of the birds offered antibiotic, LW and
ACIDAL®ML. A decrease in ADFI was  observed  in  Aci and
Lacto 50 groups compared with the  negative  control group
(p =  0.014), while no difference was found between others
treatments.

Blood Indices: The effect of different levels of LW and organic
acid in drinking water on some haematological parameters of
the laying hens at different age is presented in Table 3. During
the experimental period, the treatments had no statistically
significant difference (p>0.05) on red blood cell  number
(RBC),  haematocrit  and  haemoglobin  values.  However,  at
12 weeks of age, the number of RBC in Lacto 25 and  Aci
Group was numerically higher than those of other groups. Also

Table 2: Daily feed consumption, daily body weight gain, feed conversion ratio and mortality according to treatments and hens Age period
Treatments1

--------------------------------------------------------------------------------------------------------
Age period (weeks) Parameters2 T- T+ Aci Lacto 25 Lacto 50 SEM3 p-value
0-8 ADFI 35.30 33.80 32.10 33.00 33.20 4.610 0.9700

ADG 8.48 9.52 9.67 9.57 9.94 0.670 0.2430
FCR 4.02a 3.37a 3.13b 3.26ab 3.13b 0.290 0.0160
Mortality (%) 23.30a 2.33b 5.33bc 6.66bc 7.00c 1.550 <0.0001

9-20 ADFI 52.20 53.40 51.30 52.10 51.80 1.240 0.5260
ADG 12.20b 13.60a 13.80a 13.50a 13.60a 0.300 <0.0001
FCR 4.21b 3.55a 3.60a 3.76a 3.44a 0.150 <0.0001
Mortality (%) 5.33a 2.66ab 0.00b 2.66ab 4.00ab 1.600 0.0350

21-36 ADFI 118.00a 113.00b 111.00b 112.00b 111.00b 1.620 <0.0001
FCR 3.31a 2.79b 2.55b 2.58b 2.75b 0.100 <0.0001
Mortality (%) 9.16a 4.66ab 2.00b 4.33ab 4.00ab 2.096 0.0310

1T-: Drinking water without antibiotic (Tétracolivit), LW and ACIDAL®ML; T+: Drinking water +500 mg LG1 of antibiotic 5 consecutive days per month, Aci: Drinking water
+ 1 mL of ACIDAL®ML per liter; Lacto 25: Drinking water +250 mL of LW per liter; Lacto 50: Drinking water +500 mL of LW per liter. 2From 0-20 weeks of hen’s age, Feed
conversion ratio (FCR) was calculated by dividing daily feed consumption (ADFI) by daily body weight gain (ADG) and from 21-36 weeks of hen’s age, FCR was calculated
by dividing ADFI by daily produced eggs mass. a,b,cWithin row, values sharing no common letter were significant different according to the treatment (p<0.05). 3Standard
error of the mean
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Table 3: Effect of liquid whey and organic acid on some haematological parameters of the laying hens at different periods
Treatments1

------------------------------------------------------------------------------------------------
Parameters Age (weeks) T- T+ Aci Lacto 25 Lacto 50 SEM2 p-value
White blood cells ×103 :LG1 12 186.00 185.00 178.00 181.00 175.00 4.070 0.0630

24 175.00a 161.00ab 159.00b 155.00b 172.00a 5.490 0.0040
36 175.00a 164.00ab 156.00b 162.00ab 168.00ab 4.280 0.0030

Lymphocytes (%) 12 13.60a 12.70a 9.80b 11.20ab 10.20b 0.930 0.0010
24 12.20a 10.90ab 9.43bc 9.20bc 8.01c 0.730 <0.0001
36 11.20a 6.75b 7.46b 7.90b 7.73b 1.060 0.0030

Neutrophils (%) 12 57.20 54.60 54.40 52.10 54.50 1.980 0.2020
24 58.30 55.60 57.20 54.10 55.20 3.800 0.8150
36 60.20 60.10 56.10 59.40 56.40 1.790 0.0630

Red blood cells ×106 :LG1 12 2.48 2.64 2.63 2.61 2.54 0.080 0.3180
24 2.46 2.36 2.45 2.45 2.56 0.130 0.6990
36 2.45 2.39 2.42 2.66 2.40 0.110 0.1420

Haemoglobin (g dLG1) 12 11.80 12.80 12.00 13.40 12.00 0.720 0.1480
24 10.90 11.30 11.20 11.00 11.70 0.334 0.1450
36 10.80 10.80 10.40 11.50 11.10 0.410 0.1150

Haematocrit (%) 12 32.30 34.90 33.50 34.90 33.60 1.560 0.4330
24 30.40 30.90 31.50 31.40 33.30 1.550 0.4170
36 31.80 31.30 31.00 34.10 32.20 1.240 0.1340

1T-: Drinking water without antibiotic (Tétracolivit), LW and ACIDAL®ML, T+: Drinking water +500 mg LG1 of antibiotic 5 consecutive days per month, Aci: Drinking water
+1 mL of ACIDAL®ML  per liter; Lacto 25: Drinking water +250 mL of LW per liter, Lacto 50: Drinking water +500 mL of LW per liter. a,b,cMean values with different
superscripts in same row are significantly different (p<0.05). 2Standard error of the mean

Table 4: Effect of liquid whey and organic acid on some serum biochemical indices
Treatments1

------------------------------------------------------------------------------------------------
Parameters Age (weeks) T- T+ Aci Lacto 25 Lacto 50 SEM2 p-value
Albumin (g dLG1) 12 2.40 2.38 2.33 2.59 2.46 0.04 0.342

24 1.64b 2.17a 1.84a 1.74ab 1.53b 0.07 0.028
36 1.88 1.99 1.89 1.98 1.72 0.06 0.635

Total protein (g LG1) 12 27.30 27.80 25.40 25.80 20.40 1.05 0.159
24 41.70 34.80 43.40 32.80 41.20 1.57 0.117
36 45.90 41.50 44.80 39.90 42.00 1.30 0.633

Cholesterol (mg dLG1) 12 77.10 75.20 70.80 80.40 76.70 3.29 0.930
24 76.70 60.70 87.60 87.60 71.80 3.89 0.154
36 68.60 68.40 57.20 70.90 56.40 3.01 0.379

Triglycerides (mg dLG1) 12 44.50 36.40 43.00 41.20 37.00 2.04 0.689
24 179.00 181.00 150.00 154.00 149.00 10.83 0.816
36 76.20 148.00 67.50 77.40 108.00 13.29 0.379

1T-: Drinking water without antibiotic (Tétracolivit), LW and ACIDAL®ML, T+: Drinking water +500 mg LG1 of antibiotic 5 consecutive days per month, Aci: Drinking water
+1 mL of ACIDAL®ML  per liter, Lacto 25: Drinking water +250 mL of LW per liter, Lacto 50: Drinking water +500 mL of LW per liter. a, bMean values with different
superscripts in same row are significantly different (p<0.05). 2Standard error of the mean

numerically increased RBC number was observed at 36 weeks
of age in Lacto  25  Group  (2.66×106  :LG1)  as  compared to
T- (2.45×106 :LG1), T+(2.39 x 106 :LG1), Aci (2.42×106 :LG1)
and Lacto 50 (2.40×106 :LG1) groups. Overall, a slight increase
was observed in haemoglobin and haematocrit values in the
groups that received whey and organic acid in drinking water.
However, this increase was not significant statistically (p>0.05)
in comparison to the control groups.
With respect to the age of the hens, white blood cell

(WBC) number and lymphocytes percentage decreased in all
treatments from 12-36th weeks of age. WBC number and
lymphocytes percentage were reduced (p<0.05) in whey and
organic acid group in comparison with the negative control

group. In addition, WBC number was increased with whey
level in drinking water. As for the heterophils, their proportion
remained comparable across the treatments during the
experimental period.

Serum immunological and biochemical indices: Table 4
shows the effect of LW and organic acid in drinking water on
some serum biochemical parameters of laying hens. Serum
total protein  level  increased  (p<0.0001)  with  hens’  age in
all treatment groups  but ,was not affected by the treatments.
At 12 weeks of age, serum albumin concentration was
comparable across the treatments. At 24 weeks of age serum
albumin levels decreased in all groups and with regard to the
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Table 5: Effects of liquid whey and organic acid on serum IgA and IgG
Treatments1

----------------------------------------------------------------------------------------------------
Parameters Age (weeks) T- T+ Aci Lacto 25 Lacto 50 SEM2 p-value
IgA (mg mLG1) 12 1.01 1.00 1.14 1.02 1.07 0.02 0.087

24 0.98 1.08 1.04 1.1 1.03 0.03 0.705
36 0.99 1.01 1.26 1.08 1.04 0.04 0.323

IgG (mg mLG1) 12 8.88 8.76 9.77 9.87 8.71 0.36 0.749
24 10.04a 8.66ab 7.26ab 6.26b 7.11ab 0.43 0.033
36 4.46 8.03 4.79 5.73 4.99 0.38 0.061

1T-: Drinking water without antibiotic (Tétracolivit), LW and ACIDAL®ML, T+: Drinking water +500 mg LG1 of antibiotic 5 consecutive days per month, Aci: Drinking water
+1 mL of ACIDAL®ML per liter, Lacto 25: Drinking water +250 mL of LW per liter, Lacto 50: Drinking water +500 mL of LW per liter. a, b,cMean values with different
superscripts in same row are significantly different (p<0.05). 2Standard error of the mean

treatment, albumin value in T+, was higher (p = 0.028) than
those in T- and Lacto 50 groups but was comparable to those
in Aci and Lacto 25 groups. At 36 weeks  of  age,  albumin
levels slightly increased in all treatments but there were no
significant differences (p = 0.635) among the treatments. Total
serum triglyceride and cholesterol were not affected by
treatments in the current study. But, with respect to hen’s age,
total serum triglyceride increased (p<0.0001) in all treatments
during the laying period. Total serum cholesterol  decreased
(p = 0.049) across the treatment groups at 36 weeks of age. In
general, the highest values in triglyceride were obtained at
24th week of age.
As shown in Table 5, there was no effect of treatments on

the serum IgA content during the experimental period. But a
numerically increase (p = 0.078) in serum IgA contents was
observed in ACIDAL®ML group compared to the negative
control  group.  On  the  other hand, serum IgG contents
(Table 5) at 12 and 36th weeks of age was not affected by the
treatments but at 24 week of age the use of liquid whey at
25%  in  drinking  water,  reduced  the  content  of serum IgG
(p = 0.033) compared with the negative control. In general,
the use of organic acid and LW in drinking water, reduced the
content of serum IgG (p = 0.010) compared with the negative
control. According to hen’s age, serum IgG contents decreased
in all treatments group during the laying period. In this study,
serum IgA and IgG content were not affected by LW levels in
drinking water of laying hens.

DISCUSSION

Supplementation of organic acid and whey in poultry
drinking water or diets have been reported to modify gut
microflora population10,23 and stimulate the digestive system24,
ultimately improve growth and health of birds. Organic acids
and prebiotics supplementations have the capacity to
stimulate growth performance19, nutrient utilization25,26 and
health of the birds27. The current study showed that,
supplementation of ACIDAL®ML and liquid whey (LW) through

water, decreased feed consumption (from week 21-36) and
mortality (throughout the experimental period), leading to
increased body weight  gains  (from  week  9-36) and
improved feed conversion ratio (FCR). The  reduction  in feed
intake could be attributed to the improved feed retention in
the gastrointestinal tract (GIT) and increased nutrient
utilization28,29 as a result of a better GIT milieu enabled by
beneficial microorganisms26,30. Zarei et al.31 observed a similar
trend when dried whey was fed alone or in combination with
probiotic to broilers. Moreover, similar results were also found
by Wang et al.32 when encapsulated essential oils and organic
acids were fed to hens during the early laying period. The
improvement in the average daily gain (ADG) was also found
by Majewska et al.33 who reported that the inclusion of fresh
acid whey or lactic acid at the rate of 4 mL LG1 of water, twice
a week for 4 h sustained overall production results and
contributed in particular to a decrease in mortality. It is well
known that organic acids improved nutrient digestion and
availability34,35. It is therefore expected that ACIDAL®ML
supplementation should supply more nutrient for hen’s
metabolism and lead to a better growth performance. Also,
the lactose contained in LW is not absorbed in the hen’s
intestine but it is fermented to short chain fatty acids
(SCFAs)19. High energy metabolites such as SCFAs would
supply more energy for poultry metabolism30,36 and enhance
growth performance. Similar results  were  reported  by
Marlina et al.37 in a study where, Dairy Wastewater Sludge was
offered to broiler chickens and resulted in a significant higher
body weight gain and suppressed the growth of pathogenic
bacteria. The records of mortality in this study were found to
be higher in the negative control group. One function of
prebiotic and organic acid is to improve gut health by
enhancing beneficial microorganisms associated with health
and well-being35,38. The better GIT environment of the birds
administered with ACIDAL®ML and LW would have enhanced
health status and reduced mortality rate. Besides that, in the
present study, the number of RBC in Lacto 25 and Aci Group
was  numerically  higher  than  those  of  others  groups and a
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slight increase was observed in haemoglobin (Hb) and
haematocrit values in the groups offered LW and ACIDAL®ML.
These findings are in agreement with the observations of
Nyamagonda et al.39 who found that the mean total
erythrocyte count in Group supplemented with prebiotic,
probiotic or symbiotic were numerically higher than that of
the control group. This improvement in RBC could be
attributed to improved health status and physiological well-
being of  the  birds  administered  with  ACIDAL®ML and LW at
25%. Better health status has thus resulted in mortality
reduction in these groups. The slight increase in Hb and
haematocrit   concentration   in   the  hens  supplemented
with ACIDAL®ML and LW may be due to the better GIT
environment enabled by ACIDAL®ML and LW. The improved
GIT environment might have enhanced better iron salt
absorption in the small intestine and consequently enhanced
blood-forming processes. Also, in the present study, there was
a significant decrease in WBC counts and lymphocyte in
ACIDAL®ML and LW supplemented groups. The lower white
blood cells and lymphocyte counts in organic acid and LW
supplemented birds may be due to the antimicrobial activity
of ACIDAL®ML and the effect of LW on the GIT harmful
bacteria35. It is well known that high WBC and lymphocytes
count is associated with bacterial40 infection, or the presence
of foreign body or antigen in the circulating system. The
increased WBC and lymphocytes count observed in the
negative control hens, in the present study, may thus indicate
a greater phagocytic and humoral immune activity in these
hens due to the presence of harmful bacteria41. This might
have caused the poor performance of the birds observed in
this group42. It is  known  that  activation  of  immune  cells is
an energy-consuming process43. Khiaosa-Ard and Zebeli44

reported that the activation of the immune response diverted
energy away from production. Furthermore, the nutrient
transport function of the gastrointestinal tract (GIT) decreased
when the intestine is under prolonged inflammatory or
metabolic stress45. The use of ACIDAL®ML and LW in drinking
water tended to increase serum IgA content and decreased
IgG content. Elevated serum IgA antibody titers, may indicates
beneficial effects46 of supplemental organic acid and LW on
birds’ immune system. The presence of IgA is one of the most
important factors in intestinal mucosal immunity because IgA
protects the host against various pathogenic invaders47.
Supplementation of drinking water with organic acid and LW
significantly  reduced  the content of serum IgG, indicating
that organic acid and LW could alleviate the immune stress.
Indeed,    higher    pathogenic   exposure   is   often  associated

with higher immune response. Ahiwe et al.42 reported an
increase in serum IgG  on  day  24,  when  broiler chickens
were   challenged   with   salmonella    lipopolysaccharide
(LPS). Repeated exposure to endotoxin may  result  in
immunosuppression and low resistance against secondary
infections.   In  the  current  study,  increased  IgA production
in  treated  groups  would  supply  boosted  mucosal
immunity, which reduced immune system activation and IgG
production46. Currently, information on the effect of whey on
immune function in laying hens is scarce but many studies
have reported that organic acids and prebiotics could alleviate
the inflammatory response induced by endotoxin. The results
of the present study agree with the earlier findings48.
Furthermore, present study showed that the lower
concentration of serum IgG in hens during laying period, may
be due to the transportation of circulating IgG into the yolk of
the ovum49. The lower serum albumin in T- and Lacto 50
groups could be explained by the increase of serum IgG
content in T-group and serum IgA content in Lacto 50 group
which could have balanced the serum total proteins level
which was similar in all groups. Indeed, according to
Tennant50, the level of albumin can decrease as a result of
certain infections without affecting the value of the total
protein because of the increase in gamma globulin. In the
present study, there was no significant change in the
triglyceride and cholesterol of the birds due to the treatments
but with respect to the age of hens. Triglyceride increased
during the laying period. The high level of triglyceride in
circulating blood during egg production may be attributed to
the fact that hepatic lipid metabolism increases considerably
in laying hens during egg production period51.

CONCLUSION

Addition of LW and ACIDAL®ML in drinking water
improved growth performance and reduced mortality rate of
hens. Furthermore, addition of LW and ACIDAL®ML improved
hens’ immune status by decreasing serum IgG and increasing
serum IgA and albumin.

SIGNIFICANCE STATEMENT

The study revealed that the liquid whey and ACIDAL®ML
(organic acid) improved the growth performance and feed
conversion ratio of hens which indicates the possibility of
lower cost of poultry production. This study has also shown
the prebiotic effect of liquid whey on hen’s growth
performance and immune status.
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