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Table 1-The composition and nutrient content of diets (g/Kg).

Item Control MultiAct-L®

0.3% 0.5%
Corn 614.400 614.400 614.400
Soybean meal 241.00 241.00 241.00
Soybean oil 9.00 9.00 9.00
Wheat bran 7.00 7.00 7.00
DL-Methionine 2.00 2.00 2.00
Di-calcium phosphate 18.00 18.00 18.00
Limestone 95.00 95.00 95.00
Salt 2.100 2.100 2.100
NaHCO3 2.500 2.500 2.500
Vitamin & Mineral premix1 4.00 4.00 4.00
Bentonite 5.00 2.00 0.00
MultiAct-L® 0.00 3.00 5.00
Sum 1000 1000 1000
Calculated composition
AMEnN 2660 2660 2660
Crude protein (%) 15.50 15.50 15.50
Digestible Lysine (%) 0.73 0.73 0.73
Digestible Methionine (%) 0.42 0.42 0.42
Digestible Methionine + cysteine 0.64 0.64 0.64
Digestible Threonine (%) 0.50 0.50 0.50
Calcium (%) 4.00 4.00 4.00
Available phosphorus (%) 0.37 0.37 0.37
DCAB 178.16 178.16 178.16
Analyzed composition (%0)
Crude protein 15.31 15.40 15.12
Dry matter 92.57 92.05 92.10
Provided per kg of diet: vitamin A, 659569 IU; vitamin D3, 220956 ICU; vitamin E, 165 IU;
vitamin  B12, 6.60 wg; menadione, 1.15 mg; riboflavin, 4.12 mg; D-pantotheic acid, 6.07 mg; niacin,

19.79 mg; choline, 381.68 mg; Co, 025 mg; Cu, 4.04 mg; I,

48.69 mg.
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1.00 mg; Fe, 50.65 mg; Mn, 64.26 mg; Zn,
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Table 2- Effect of different levels of MultiAct-L® on performance and body weight gain of laying hens subjected

to heat stress.

MultiAct- Initial Final Body Egg Egg Egg Feed FCR Mortality?
L® level (%) weight (g) weight (g) weight production  weight mass intake (%)
gain(g)  (H.D.%) () (@  (g/hen/day)

0 1516.04 1528.33 12.29 64.15° 61.24°  39.34° 99.97° 2.56° 11.11
0.3 1512.10 1545.63 33.53 71.052 65.44*  46.522 108.95% 2.342 1.39*
0.5 1506.46 1547.16 40.70 70.072 65.00*  45.482 108.302 2.382 4.16
SEM 6.30 11.18 11.96 1.04 0.56 0.61 1.30 0.02 15

P-value 0.841 0.770 0.631 0.004 <0.001  0.003 0.034 0.027 0.032

Mean values in each column without similar letters are significantly different (P<0.05).
1. Calculated by the Kruskal-Wallis test.

*Comparisons between 0.3% MultiAct-L and the control group: P <0.036
Comparisons between 0.5% MultiAct-L and the control group: P <0.31

Comparisons between 0.3% MultiAct-L and 0.5% MultiAct-L: P <1.00
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Table 3- Effect of different levels of MultiAct-L® on egg quality parameters of laying hens subjected to heat stress.

MultiAct-L® Abnormal Shape Haugh Yolk Albumen Shell Shell Specific
level (%) egags index unit weight weight weight thickness gravity
(%) (%) (%) (%) (%) (mm) (glcm?)
0 2.67° 75.44 89.66 29.35 61.05 9.48 0.374 1.089
0.3 0.692 74.88 94.46 29.54 60.54 9.70 0.371 1.086
0.5 1.59° 74.32 90.84 27.74 62.74 9.33 0.366 1.088
SEM 0.61 1.12 3.56 0.723 0.822 0.221 0.009 0.002
P-value 0.002 0.541 0.510 0.16 0.14 0.51 0.809 0.443

Mean values in each column without similar letters are significantly different (P<0.05).
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Figure 1- Effect of different levels of MultiAct-L® on Mean Newcastle disease virus antibody titers of laying hens

subjected to heat stress
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Figure 2- Effect of different levels of MultiAct-L® on the blood antioxidant status of laying hens subjected to heat

stress
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metabolites of laying hens subjected to heat stress

MultiAct-L® level (%) Glucose Cholesterol  Triglycerides Uricacid Albumin Calcium  Phosphorus
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (g/dl) (mg/dl) (mg/dl)

0 210.16 120.50 1591 6.62 3.42 26.88 6.10

0.3 221.20 110.00 1648 6.77 3.44 31.68 7.58

0.5 259.00 127.17 1683 8.62 3.42 28.85 6.55

SEM 10.23 5.25 302 0.41 0.07 1.04 0.29

P-value 0.121 0.429 0.883 0.075 0.991 0.166 0.103
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Table 5- Effect of different levels of MultiAct-L® on the intestinal morphology of laying hens subjected to heat
stress

MultiAct-L® level (%) Villus height  Villus width ~ Villus surface area Crypt depth VH/CD

(um) (um) (mm?) (um)
0 1514 130.40 0.620 96.80 15.70
0.3 1519 138.33 0.660 95.33 16.15
0.5 1502 132.67 0.625 86.00 17.85
SEM 20.14 1.51 0.01 2.83 0.60
P-value 0.939 0.078 0.208 0.248 0.322
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Introduction: During the last two decades, the use of antibiotics in poultry diets as animal growth
promotors and growth inhibitors of harmful microorganisms has been stopped in different parts of
the world (Roth et al., 2019), which led to a decrease in poultry performance and an increase in the
prevalence of diseases (Jha et al 2019; Adhikari et al 2020). Researchers have proposed various ways
to improve production efficiency, including the use of probiotics, prebiotics, symbiotic, plant extracts,
enzymes and organic acids (Gadde et al 2017; Yadav et al 2019). As the age of laying hens increases,
the quality of the egg shell decreases, which is due to the increases in weight and size of eggs, the
direct effect of age on the structure of the shell, decreased bone calcium uptake and etc (Curtis et al
2005; Curtis 2008). Heat stress has negative effects on the human health and animal performance and
product quality. High ambient temperatures cause reduced egg production, egg weight, egg quality
(especially egg shell thickness and strength), impaired immunity and poor poultry welfare (Elnagar
etal 2010, Ebied et al 2012). The impaired performances of poultry subjected to heat stress (HS) have
been associated with a number of factors, including poor appetite and reduced feed intake (due to
activation of the hypothalamic-pituitary-adrenal axis), impaired digestion and metabolism, altered
endocrine status (increased corticosterone concentration and reduced thyroid hormones
concentrations), metabolic shifts at the systemic and cellular levels and changes in body composition
(Elnagar et al 2010, Azad et al 2010, Ebied et al 2012, Safdari-Rostamabad et al 2017). Therefore, it
is important to design the strategies or ways of minimizing the negative effect of heat stress as part
of methods to maintaining egg production, egg quality and poultry welfare. There are several
strategies to reduce the effects of heat stress in the laying hens, including use of feed additive,
vitamins, organic minerals and antioxidants. In this study, researchers evaluated the effects of
MultiAct-L® (Contains probiotics, prebiotics, organic acids, enzymes, organic form of Zn, Mn, Cu,
Fe, Co, Cr and antioxidants) on production performance, egg quality, Newcastle disease antibody
titer, antioxidant capacity and gut morphology of laying hens subjected to HS in late laying cycle.

Material and methods: Two hundred and sixteen LSL-Lite laying hens (90 weeks of age) were
randomly assigned to three dietary treatments with six replicates and twelve birds in each replicate.
Dietary treatments were: 1) basal diet based on a corn-soybean meal 2) basal diet with 0.3 %
MultiAct-L® and 3) basal diet with 0.5% MultiAct-L®. The birds were exposed to 36x1°C for 6
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hours per day. Egg production, egg weight, feed intake, egg mass and feed conversion ratio were
recorded weekly and mortality was recorded daily. Egg mass was calculated by multiplying the total
number of eggs laid per hens by the average egg weight. At the end of experimental period, one bird
from each replicate (close to cage average weight) was slaughtered, and blood samples were taken
for analysis. Blood samples were collected from the jugular vein and then serum samples were
separated at 3000 xg for 10 min. Total antioxidant capacity, malondialdehyde, glutathione
peroxidase, superoxide dismutase, glucose, cholesterol, triglycerides, uric acid, albumin, calcium and
phosphorus were measured using analytical kits. Serum titer to Newcastle disease virus was
determined by hemagglutination inhibition test. Villus height, villus width, crypt depth, villus surface
area and villus height/crypt depth were measured in the jejunum section of the small intestine. Data
regarding the percentage of abnormal eggs were transformed using a square root transformation. For
this variable, a factor of 0.5 was added to all values before transformation. All data, except mortality
rate, were analyzed using the general linear model procedure of the SAS (2003). The Duncan multiple
range test was used to determine the significant differences between treatment means. Kruskal-Wallis
test was applied to examine differences in mortality rate among dietary treatments, and Dunn's test
was used for post-hoc comparisons.

Results and discussion: MultiAct-L® did not influence the body weight gain of laying hens (P>0.05).
The results also showed that adding MultiAct-L® enhanced the feed intake, egg production, egg
weight and egg mass (P<0.05). Feed conversion ratio was improved and mortality was lower in the
treatments receiving 0.3 or 0.5% MultiAct-L® than the control group (P<0.05). In agreement with our
findings, Deng et al. (2012) and Zhang et al. (2017) reported the significant increase of egg
production, feed intake and egg weight by dietary supplementation of probiotic in laying hens
subjected to HS. Supplementation of 0.3% MultiAct-L® to diet decreased the abnormal eggs
(P>0.05). Shape index, Haugh unit, yolk weight, aloumen weight, shell weight, shell thickness and
egg specific gravity were not affected by dietary treatments (P>0.05). Similarly, Bozkurt et al. (2012)
showed that egg quality parameters weren’t affected by dietary supplementation of essential oil or
mannan oligosaccharide in laying hens subjected to heat stress. MultiAct-L® supplement did not
significantly affect the titer of antibody against Newcastle disease virus at days 10 and 30 post-
vaccination (P>0.05). There was no significant difference in the total antioxidant capacity and
glutathione peroxidase among experimental treatments (P>0.05); however, dietary MultiAct-L®
supplementation had increased the superoxide dismutase levels and decreased malondialdehyde
levels in serum (P<0.05). Serum glucose, cholesterol, triglycerides, uric acid, albumin, calcium and
phosphorus in experimental treatments were not significantly different between the control group and
the MultiAct-L®-treated groups (P>0.05). No significant changes in villus height, villus width, villus
surface area, crypt depth and villus height to crypt depth ratio were observed between three groups at
the end of the 8 weeks experimental period (P>0.05). Similarly, Deng et al. (2012) showed that villus
height, villus width, crypt depth in the ileum weren’t affected by dietary supplementation of probiotic
in laying hens subjected to HS.

Conclusion: As for the results of this study, Multiact-L® could improve laying performance and
antioxidant status in laying hens subjected to heat stress during the late laying period.
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