
84 https://www.ejast.org

Journal of Animal Science and Technology

RESEARCH ARTICLE
J Anim Sci Technol 2022;64(1):84-96
https://doi.org/10.5187/jast.2022.e6 pISSN 2672-0191  eISSN 2055-0391

Feeding a calcium-enriched fatty 
acid could ameliorate the growth 
performance of broilers under the 
chronic heat stress
Yu Bin Kim1#, Shan Randima Nawarathne1#, Hyun Min Cho1,  
Jun Seon Hong1, Jung Min Heo1* and Jiseon Son1,2*
1Department of Animal Science and Biotechnology, Chungnam National University, Daejeon 34134, Korea
2Poultry Research Institute, National Institute of Animal Science, Rural Development Administration, 
Pyeongchang 25342, Korea

Abstract
The current study was conducted to evaluate the effect of calcium-enriched fatty acid sup-
plementation on the growth performance, blood metabolites, intestinal morphology, carcass 
traits, and nutrient digestibility of broilers subjected to chronic heat stress. A total of 210 one-
day-old broiler chicks (40.12 ± 0.25 g) were randomly allocated to one of five dietary treat-
ments, to obtain six replicates per treatment. Broilers were subjected to chronic heat stress 
from day 21 to day 35, post-hatching, at 34℃ for 9 h per day. The body weight (BW) and feed 
intake of the experimental broilers were recorded weekly, and the average daily gain (ADG) 
and feed conversion ratio (FCR) were calculated accordingly. Rectal temperature was mea-
sured to compare the basal body temperatures between individuals, and blood samples were 
collected on days 21 and 35 to evaluate basal body temperature, serum total cholesterol, and 
the triglyceride content of the broilers. On days 21 and 35, one broiler from each cage (n=6) 
was euthanized to measure carcass trait parameters, nutrient digestibility in digesta, and 
intestinal morphology. On days 14, 28, and 35, the broilers fed 2.0% calcium-enriched fatty 
acids had higher BW (p < 0.05) than those fed the other diets. However, no differences (p > 
0.05) were found in the average daily feed intake (ADFI) between dietary treatments over the 
35 experimental days. On the other hand, on day 21, post-hatching, the broilers fed the 2.0% 
calcium-enriched fatty acid diet had improved (p < 0.05) dietary feed efficiencies compared 
to the other treatments. On day 28, the broilers fed the 5.0% of calcium-enriched fatty acid 
diet also had higher (p < 0.05) dietary feed efficiencies than those fed with the other dietary 
treatments. No effects (p > 0.05) on carcass weight, nutrient digestibility, intestinal morpholo-
gy, or blood parameters were found between broilers fed with dietary treatments. This study 
demonstrated that the inclusion of an additive, containing 2.0% calcium-enriched fatty acid, to 
broiler diet could ameliorate the negative growth performance of broilers; and no interaction 
(p > 0.05) was observed between the calcium-enriched fatty acid and nutrient digestibility, 
digestive anatomy, blood metabolism, and carcass traits of broilers subjected to chronic heat 
stress conditions for 35 days post-hatching.
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INTRODUCTION
Heat challenges and suboptimal thermal conditions critically affect broiler chickens [1,2], because 
they are not be able to control their body heat by sweating, as they possess few sweat glands in their 
skin and a thick layer of insulating feathers over their body [3]. Broilers thermoregulate their bodies 
by panting, which produces evaporative cooling in their respiratory tract [4]. High temperatures 
above 30℃ can lead to heat stress syndrome in broilers [3,5], and heat-stressed broilers exhibit low 
feed intake, weight gain, and high feed conversion ratios (FCRs) [6–8].

The calcium-enriched fatty acid is an additive composed of protective fat, that gets absorbed in 
the small intestine without first decomposing within the stomach of an animal; it helps to produce 
high efficiency growth performance in livestock.  

The inclusion of crystalline fat to broiler diets, which protects their intestines, has become a 
means to not only to boost the energy content of feed in tropical regions but to also reduce specific 
dynamic action, which helps broilers survive heat stress and avoid growth depression [6,9]. In 
addition, a previous study [10] reported that a diet containing 5% more fatty acid than a commercial 
control diet could reduce the negative effect of heat stress in broilers reared at 29℃–36℃ by 
reducing heat production in the body; suggesting that fatty acids induce lower heat production 
than carbohydrates or proteins because the high energy content of fat (i.e., carbohydrate: 4 kcal/
g, protein: 4 kcal/g, fat: 9 kcal/g) can reduce metabolic activity. The reduction of feed intake is the 
most important response (factor) in heat-stressed broilers, because a bird’s natural response to heat 
stress is to lower its heat production [11]. However, [12] reported that increasing dietary density 
by replacing the calories from carbohydrates with that from fat did not result in the expected 10% 
decrease in feed intake in either a hot or cool environment. They emphasized that diets with high 
ratios of fat can enhance the metabolizable intake energy of broilers by replacing the calories from 
carbohydrates with those from fat. Other research has also been conducted to evaluate the mortality 
of heat-stressed broilers, in which 33% of their metabolizable energy (ME) was supplied by dietary 
fat; they consumed 10% more ME and 10% more protein, and gained 9% more weight than chicks 
fed a low-fat ratio diet [13].

The purpose of this study was to investigate the effects of calcium-enriched fatty acid broiler diets 
on broiler growth performance, blood metabolites, intestinal morphology, and nutrient digestibility 
under chronic heat stress conditions. We hypothesized that feeding broilers a diet with calcium-
enriched fatty acids would improve productivity, intestinal architecture, and nutrient digestibility 
over those fed a standard diet; and thus, also enhance the growth performance of heat-stressed 
broilers.

MATERIALS AND METHODS
All procedures were approved, and birds were cared for according to the guidelines of the Animal 
Care and Use Committee (Protocol No. 201909-CNU-118), Chungnam National University, 
Korea.

Experimental design and management
The current study was conducted at the research facility of the Chungnam National University, 
Republic of Korea. A total of 210 one-day-old “Ross 308” broiler chicks were obtained from a 
commercial hatchery and randomly distributed to one of five dietary treatments with six replicates 
for 35 days. Seven birds with similar initial body weight (BW) of 40.12 ± 0.25 g (Mean ± SEM) 
were allocated in raised wire floor cages (76 × 61 × 46 cm3). 
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The experimental diets were provided on an ad-libitum basis using metal feed troughs and birds had 
free access to fresh clean drinking water via nipple drinkers throughout the experiment. Lighting 
was continuous and the ambient temperature was maintained 30 ± 1℃ from day 1–3 post-hatch 
and gradually decreased until 25 ± 1℃ on day 25. All the management practices were followed by 
the guidelines of the Ross broiler management handbook [14].

Experimental diets 
A basal diet (see Table 1) was formulated based on the corn and soybean meal to meet or exceed 
the nutrient requirements specified in the Ross 308 Nutrition Specification [14]. All the diets were 
produced in mash form.

The commercial additive of calcium-enriched fatty acid “Yulac” which is ruminant-insoluble fat 
in the form of bed crystals that are specially bound with fat and calcium salts and help to improve 
the growth performance of ruminants especially the cows provided from Young Soo Ltd. (Pocheon, 
Korea) and added as a top dressing to the experimental diets. The feeding regimens were: (1) CON 
(control; basal diet without calcium-enriched fatty acid), (2) basal diet + 0.5% calcium-enriched 
fatty acid), (3) basal diet + 1.0% of calcium-enriched fatty acid), (4) basal diet + 2.0% of calcium-
enriched fatty acid) and (5) basal diet + 5.0% of calcium-enriched fatty acid. In the whole diet, 
0.3% of chromium oxide (Cr2O3: > 99.9%, Sigma-Aldrich, St. Louis, MO, USA) was added as an 
indirect marker for digestibility analysis. Diet samples for chemical analysis were obtained after the 
mixing.

A procedure of chronic heat stress
On day 21 post-hatch, all broilers were subjected to chronic heat stress until day 35 post-hatch 
as follows. The temperature was gradually raised from 25 ± 1℃ to 34 ± 1℃ over 2 h (08:00 h to 
10:00 h) and maintained at 34 ± 1℃ for 9 h (10:00 h to 19:00 h). Afterward, the temperature was 
gradually returned to 25 ± 1℃ within 1 h (19:00 h to 20:00 h) then maintained at 25 ± 1℃ for 12 
h (20:00 h to 08:00 h). The relative humidity was maintained range between 60%–70% during the 
heat stress period.

Measurements
Initial BW of the birds were recorded (pen basis) on day 1 of the experiment. Thereafter, the BW 
of birds was measured weekly (day 7, 14, 21, 28, and 35) until the end of the experiment and the 
average daily gain (ADG) of birds on each replicate was calculated. Subsequently, feed intake 
of each replicate was measured weekly as feed disappearance in the feeder and the average daily 
feed intake (ADFI) of birds was determined. With the usage of this data, the FCR of birds was 
calculated in each replicate from day 1–35 post-hatch every week. The mortality of birds was 
recorded when the death occurred.

Sample collection and post-mortem of birds
All the samples were collected on days 21 and 35 of the experiment. The deep body temperature of 
birds was measured by inserting a thermistor probe (FlashCheck® tip probe thermometer, Weber 
Scientific, Hamilton, NJ, USA) into the birds’ rectum. Furthermore, one bird from each pen with 
the mean BW was selected and blood samples were collected from the jugular vein and carotid 
artery into spray-coated K2 EDTA vacutainer tubes (BD Vacutainer®, Franklin Lakes, NJ, USA). 
The blood samples were sent to the laboratory for plasma separation. Thereafter, selected birds 
were euthanized by cervical dislocation, and the ileum samples between Meckel’s diverticulum 
and the ileocecal junction [15] were collected through the cut made in the abdomen of the bird. 
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Table 1. Composition (g/kg, as-fed basis) of the experimental diets
Ingredients Day 1–21 Day 22–35

Corn 48.51 60.96 

Wheat 8.40 4.12 

Wheat bran 4.10 -

Soybean meal 48% 31.15 27.62 

Vegetable oil 3.30 3.30 

Limestone 1.20 0.95 

Mono-calcium phosphate 1.65 1.39 

Iodized alt 0.30 0.35 

Vitamin-mineral premix1) 0.30 0.30 

Lysine-HCI 0.34 0.30 

DL-Methionine 0.20 0.19 

L-Threonine 0.13 0.11 

L-Cystine 0.12 0.11 

Chromium oxide 0.30 0.30 

Calculated values2)

Metabolizable energy (kcal/kg) 3,050 3,200

Crude protein (%) 22 20

Ca (%) 0.90 0.80 

Available P (%) 0.40 0.40 

Lysin (%) 1.39 1.24

Methionine (%) 0.52 0.49

Methionine + cysteine (%) 0.88 0.82  

Threonine (%) 0.90 0.81

Tryptophan (%) 0.25 0.22  

Valine (%) 0.97 0.89

Arginine (%) 1.34 1.19

Calculated values (SID)

Lysin (%) 1.25 1.12

Methionine (%) 0.48 0.46

Methionine + cysteine (%) 0.80 0.74

Threonine (%) 0.78 0.71

Tryptophan (%) 0.22 0.20

Isoleucine (%) 0.76 0.69

Leucine (%) 1.54 1.48

Valine (%) 0.85 0.78

Histidine (%) 0.50 0.45

Arginine (%) 1.22 1.07
1) Provided per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 2,500 IU; vitamin E, 30 IU; vitamin K3, 3 mg; D-pantothenic acid, 
15 mg; nicotinic acid, 40 mg; choline, 400 mg; and vitamin B12, 12 μg; Fe, 90 mg from iron sulfate; Cu, 8.8 mg from copper 
sulfate; Zn, 100  mg from zinc oxide; Mn, 54 mg from manganese oxide; I, 0.35 mg from potassium iodide; Se, 0.30 mg from 
sodium selenite.

2)The values were calculated according to the values of feedstuffs in NRC [16] and Ross 308 Broiler Nutrition Specification [14].
SID, standardized ileal digestibility.
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Approximately, a 3 cm part of ileum samples were washed inner and outer areas by phosphate 
buffer saline (PBS) at pH 7.4. Cleaned samples were immediately stored in the 10% neutral 
buffered formaldehyde (Sigma Chemical, St. Louis, MO) for fixation before the mucosa architecture 
analysis. The remaining digesta in each ileum was collected and stored at -20℃ until to perform 
nutrient and digestibility analysis. The procedure of collection was conducted according to [17].

Empty BW (without head and shanks), skinless breast meat weight (including pectoralis major 
and minor), and leg meat weight were obtained separately in each sacrificed bird. All the breast and 
leg meat weights were expressed in proportion to the carcass weight.

Sample preparation and laboratory analysis
Blood samples were centrifuged (Micro 12, Hanil Science, Gimpo, Korea) to separate plasma and 
serum at 3,000×g for 10 minutes at 4℃. Serum total cholesterol and triglyceride content in the 
blood were analyzed using Biochemistry Analyzer 7020 (HITACHI, Tokyo, Japan).

Proximate composition in the ileal digesta was determined by using the standard method of [18]. 
Before analysis, digesta samples were dried at 55℃ for 24 h and grounded through a 0.75 mm 
sieve (ZM 200 Ultra-Centrifugal Mill, Retsch GmbH & Co. KG, Haan, Germany). Dry matter 
content, gross energy, crude protein content (“Kjedhal” method; nitrogen content × 6.25), and crude 
fat content (Soxhlet extraction method) were determined from the finely grounded digesta samples. 
Furthermore, nutrient digestibility was analyzed by calculating the chromium oxide concentration 
in digesta samples [19]. The digestibility of nutrients was calculated according to [20] by using the 
following equation. 

Apperent digestibility coeffcient = 1 − [(ID − AF)/(IF − AD)]

Where ID denotes the concentration of an indigestible marker in the diet; AF is the nutrient 
concentration in ileal digesta; IF is the indigestible-marker concentration in ileal digesta; and AD is 
the nutrient concentration in the diet.

Sample preparation for ileum morphology analysis was done according to the methodology 
described by [21] with some modifications. Briefly, ileal tissue samples fixed in 10% formaldehyde 
were taken and ring-shaped portions were excised, dehydrated for 16 hours, followed by embedded 
in paraffin wax. Six transverse sections with 4 to 6 μm of thickness were cut from each of these 
wax cubes and placed on glass slides. Subsequently, glass slides that contained ileal sections were 
heated at 57℃ until dry. Afterward, dried slides were stained with hematoxylin and eosin stain 
besides roofed by another slide. Well-oriented 10 villi and associated 10 crypts were selected for 
taking villus height and crypt depth measurements using NIS-Elements viewer software (Version: 
4.20; NIS Elements, Nikon, Melville, NY, USA) with the aid of calibrated eyepiece of an inverted 
microscope (Eclipse TE2000, Nikon Instrument, Melville, NY, USA) that had a calibrated eyepiece 
graticule. Moreover, by using those ileal morphological data, the villus height to crypt depth ratio 
(V: C) was calculated.

Statistical analyses 
Data were analyzed using the one-way ANOVA, Completely Randomize Design (CRD) by 
using the SPSS software package (Version 26, IBM, Armonk, NY, USA). Tukey’s multiple range 
test was used to determine the significant differences between experimental groups at a p < 0.05 
significant level. A pen was considered as the experimental unit for growth performance measures 
and sacrificed birds were used as the experiment units for analyses of the carcass weight, blood 
metabolism, intestinal morphology, and nutrient digestibility. Moreover, the ratio of calcium-
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enriched fatty acid supplementation was considered as the main effect.

RESULTS
Growth performance
All birds remained healthy and performed well; the mortality rate of the birds was not affected 
by dietary treatments and the mortality rate was below 2% (four of two-hundred and ten birds) 
during the total experimental period. The heat-eliminating behaviors of the broilers were observed 
frequently during the chronic heat stress period. 

The effects of enriching broiler diets with calcium-enriched fatty acid feed additives on the 
growth performance of broilers under chronic heat stress conditions, from days 1–35 (post-
hatching) are summarized in Table 2. Broilers fed 2.0% of the calcium-enriched fatty acid diet had 
improved (p < 0.05) BW compared to broilers fed control (CON) diets on day 14. However, on 
days 14, 28, and 35 (post-hatching), broilers fed the 5.0% calcium-enriched fatty acid diet showed 
lower (p < 0.05) BW than broilers fed the 2.0% calcium-enriched fatty acid diet. Similarly, broilers 
fed the 5.0% calcium-enriched fatty acid diet showed reduced (p < 0.05) ADG on day 28 post-
hatching and during the overall experimental period, compared to those fed the other dietary 
treatments. Moreover, no dietary treatment effect (p > 0.05) was observed on the ADFI of broilers 
at 35 days post-hatching. Interestingly, birds fed the 2.0% calcium-enriched fatty acid diet showed 
improved (p < 0.05) FCR during the initial period (1–21 days), compared to the other treatments; 
except for broilers fed the 1.0% calcium-enriched fatty acid diet. 

Rectal temperature
The effect of calcium-enriched fatty acids on the rectal temperatures of broilers under chronic heat 
stress at 35 days, post-hatching, are presented in Table 3. Broilers fed the 5.0% calcium-enriched 
fatty acid diet showed lower rectal temperatures on day 21, post-hatching, than those of the 
heat-treatment broilers fed the 0.5% and 2.0% calcium-enriched fatty acid diet. Nonetheless, no 
interactions (p > 0.05) were observed between the calcium-enriched fatty acid supplementation and 
rectal temperatures on day 35 day old broilers.

Main factors of the euthanized bird
The effects of calcium-enriched fatty acid inclusion on carcass weight, nutrient digestibility, 
intestinal morphology, and blood parameters of heat-stressed broilers are presented in Tables 4, 5, 6, 
and 7. There were no dietary effects (p > 0.05) of the calcium-enriched fatty acid supplementation 
to broilers under chronic heat stress conditions, on the main characteristics of the euthanized birds 
on days 21 and 35 post-hatching. 

DISCUSSION
It is a strong belief that climate conditions, especially hot weather, are the most significant factors 
limiting production in the poultry industry. [22] stated that negative effects of heat stress on 
animals include reduced growth, reproduction performance, and poor carcass traits. Previous studies 
by [6,12,23] reported decrements of 49%–67% in the growth rate ratios of broilers subjected to 
chronic heat stress, due to corresponding reductions in feed intake. In addition, [24] concluded that 
the observed reductions in the growth performance of broilers under heat stress conditions could 
be attributed to a large amount of energy being wasted in adapting to high temperatures. Moreover, 
the excretion of digestible minerals in broilers under ambient temperatures higher than 24℃ 



Effect of inclusion calcium-enriched fatty acid for broiler

90  |  https://www.ejast.org https://doi.org/10.5187/jast.2022.e6

Table 2. Effect of calcium-enriched fatty acid along with chronic heat stress on growth performance in broilers1)

Period CON 0.52) 1.0 2.0 5.0 SEM p-value
BW (g)

Day 1 40.93 41.00 40.83 40.93 40.86 0.050 0.861 

Day 7 163.74 164.83 167.64 169.93 160.33 1.202 0.100 

Day 14 426.24b 440.89ab 454.60a 457.19a 423.21b 3.820 0.003

Day 21 822.38 838.38 852.78 866.05 814.76 6.663 0.077 

Day 28 1,408.53ab 1,436.09ab 1,486.79a 1,507.00a 1,328.00b 16.668 0.001

Day 35 2,027.87ab 2,036.72ab 2,118.18ab 2,161.22a 2,000.56b 18.194 0.014

ADG (g/d)

Day 7 17.54 17.69 18.12 18.43 17.07 0.172 0.101

Day 14 37.50 39.44 40.99 41.04 37.55 0.482 0.020

Day 21 56.59 56.78 56.88 58.41 55.94 0.845 0.932

Day 28 83.74ab 85.39ab 90.57a 91.56a 73.32b 1.842 0.005

Day 35 88.48 85.80 90.20 93.46 96.08 1.759 0.391

Day 1–21 37.21 37.97 38.66 39.29 36.85 0.317 0.077

Day 21–35 86.11 85.60 90.39 92.51 84.70 1.079 0.081

Day 1–35 56.77ab 57.02ab 59.35ab 60.58a 55.99b 0.520 0.014

ADFI (g/d)

Day 7 26.60 26.49 25.61 26.38 25.48 0.560 0.959 

Day 14 59.56 61.16 58.73 55.88 58.44 0.696 0.190 

Day 21 80.03 84.54 80.88 77.61 86.29 1.072 0.059

Day 28 130.90 133.58 129.94 132.86 122.97 1.727 0.323 

Day 35 156.11 148.14 140.79 146.54 149.77 1.714 0.066 

Day 1–21 60.91 63.27 61.46 58.54 62.12 0.569 0.094 

Day 21–35 145.67 140.86 135.37 139.70 136.37 1.417 0.149 

Day 1–35 93.06 93.07 89.87 89.35 89.12 1.093 0.642 

FCR (g/g)

Day 7 1.52 1.50 1.42 1.43 1.49 0.034 0.896 

Day 14 1.59 1.56 1.44 1.36 1.56 0.029 0.042 

Day 21 1.42ab 1.49ab 1.43ab 1.33a 1.55b 0.025 0.048

Day 28 1.57ab 1.57ab 1.44ab 1.45a 1.70b 0.032 0.042

Day 35 1.76 1.74 1.58 1.58 1.59 0.035 0.202 

Day 1–21 1.64b 1.67b 1.59ab 1.49a 1.69b 0.018 0.001

Day 21–35 1.69 1.66 1.50 1.51 1.61 0.025 0.034 

Day 1–35 1.64 1.64 1.52 1.47 1.59 0.023 0.072 
1)Values are the mean of six replicates per treatment.
2)The ratio of additive of calcium-enriched fatty acid in diets.
a,bValues in a row with different superscripts differ significantly (p < 0.05).
Con, control diet; SEM, pooled standard error of mean; BW, body weight; ADG, average daily gain; ADFI, average daily feed intake; FCR, feed conversion ratio.

Table 3. Effects of calcium-enriched fatty acid on the rectal temperature in broilers1)

Period CON 0.52) 1.0 2.0 5.0 SEM p-value
Day 21 40.62ab 40.77b 40.66ab 40.75b 40.52a 0.025 0.009

Day 35 40.74 40.79 40.72 40.82 40.84 0.035 0.780
1)Values are the mean of six replicates per treatment.
2)The ratio of additive of calcium-enriched fatty acid in diets.
a,bValues in a row with different superscripts differ significantly (p < 0.05).
Con, control diet; SEM, pooled standard error of mean.
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Table 4. Effects of calcium-enriched fatty acid on carcass weight in broilers1)

Period CON 0.52) 1.0 2.0 5.0 SEM p-value
Empty body weight (%)

Day 21 88.33 88.06 87.92 88.55 87.28 0.173 0.177 

Day 35 86.91 90.13 89.62 94.50 89.34 1.084 0.278 

Drumstick3) (%)

Day 21 9.41 9.07 9.08 9.06 9.12 0.093 0.751 

Day 35 8.79a 9.05a 9.58ab 10.00b 9.27ab 0.147 0.069 

Breast meat3) (%)

Day 21 22.45ab 24.68b 23.53ab 22.76a 22.30a 0.304 0.066 

Day 35 25.55 26.85 27.01 27.07 27.11 0.360 0.640 
1)Values are the mean of six replicates per treatment.
2)The ratio of additive of calcium-enriched fatty acid in diets. 
3)Drumstick and breast meat weights were expressed in proportion to the carcass weight. 
Con, control diet; SEM, pooled standard error of mean.

Table 5. Effects of calcium-enriched fatty acid on nutrient digestibility in broilers1)

Period CON 0.52) 1.0 2.0 5.0 SEM p-value
Dry matter (%)

Day 21 78.1 78.9 80.0 78.7 77.1 0.38 0.476

Day 35 80.5 80.0 79.9 79.3 81.5 0.51 0.532

Crude protein (%)

Day 21 66.6 67.1 69.3 69.1 68.2 0.58 0.490

Day 35 69.6 69.7 70.4 69.5 65.5 1.17 0.551

Crude fat (%)

Day 21 66.0 66.5 67.3 68.4 66.6 0.71 0.848

Day 35 66.1 66.6 65.7 65.9 66.4 0.45 0.969

Energy (%)

Day 21 75.6 76.3 77.5 77.6 76.5 0.58 0.818

Day 35 78.9 79.5 79.7 77.6 79.7 0.44 0.538
1)Values are the mean of six replicates per treatment.
2)The ratio of additive of calcium-enriched fatty acid in diets. 
Con, control diet; SEM, pooled standard error of mean.

Table 6. Effects of calcium-enriched fatty acid on intestinal morphology in broilers1)

Period CON 0.52) 1.0 2.0 5.0 SEM p-value
Day 21

Villous height (µm) 366.0 374.5 378.1 387.4 364.7 4.06 0.400

Crypt depth (µm) 57.7 58.3 58.0 58.2 58.2 0.31 0.908

V:C ratio3) 6.3 6.4 6.5 6.7 6.2 0.07 0.347

Day 35

Villous height (µm) 461.4 447.4 474.7 452.4 455.0 3.97 0.260

Crypt depth (µm) 76.3 77.4 77.3 76.8 75.6 0.38 0.537

V:C ratio 6.1 5.8 6.1 5.9 6.0 0.07 0.455
1)Values are the mean of six replicates per treatment.
2)The ratio of additive of calcium-enriched fatty acid in diets. 
3)Values are the mean of villous height divided by crypt depth.
Con, control diet; SEM, pooled standard error of mean.
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which was potentially a cause of nutritional imbalance [25]. Therefore, preventing heat stress in 
broilers, which causes them to have reduced productivity and nutritional imbalances, is an essential 
requirement.

The present study [26] hypothesized that the inclusion of dietary additives composed of 
calcium-enriched fatty acids in broiler diets could prevent growth reduction and improve growth 
performance and immunity in broilers under heat stress conditions. [22] reported that high-
temperature stress in broilers increases the lipoprotein lipase levels in their adipose tissue, which 
improves their capacity to absorb and store hepatic-derived triglycerides; thus, alterations in 
their lipid metabolism can improve their energy balance and nutritional condition. This is strong 
confidence that the high-temperature stress in broilers can be reduced by including calcium-
enriched fatty acids in their diet. The results of the current study revealed that the supplementation 
of broiler diets with 2.0% calcium-enriched fatty acids had a positive influence (p < 0.05) on the 
BW of broilers under chronic heat-stress conditions, as observed on day 14. Our results are in 
agreement with those of previous studies by [27], who reported that the incorporation of high 
energy soy and palm oil into the diet of heat-challenged broilers significantly promoted (p < 
0.05) their growth, due to decreased feed integrity (or “dustiness”), lower increments in body heat 
production, and improved feed palatability. Similarly, [23] obtained a significant increase (p < 0.05) 
in the BW of broilers under the chronic heat stress conditions of 26 ± 2℃; by increasing energy 
levels through the incorporation of prebiotics and probiotics to their diets from day 21 to 42, 
post-hatching. Furthermore, the current study revealed that the broilers fed a diet comprising 2% 
additives showed improved FCR compared to broilers fed CON diets during the starter period (1–
21 days). On the other hand, there were no significant effects on the broilers fed the 5% calcium-
enriched fatty acid diet. This was a similar result to those of several studies that fed broilers diets 
containing low energy; the broilers exhibited high efficiencies in growth performance, in contrast 
to the broilers fed low energy diets, and it was concluded that a high energy diet prevents the loss 
of energy in adaptation to high temperatures [27–29]. Consistent with this interpretation, [30]  
demonstrated that adding a high ratio of fat to broiler diets would improve the metabolic efficiency 
and reduce their feed intake requirements, leading to reductions in metabolic activity. Additionally, 
[31] reported that dietary supplementation with rich sources of n-3 polyunsaturated fatty acids 
could have a beneficially modulating influence on broiler immune systems, and it appeared to 
decrease inflammatory immune reactions and simultaneously improve specific immunity indices.

This study observed the rectal temperature of broilers with a strong confidence in predicting the 
average body temperature of the birds under high-temperature conditions. The results also revealed 
an interaction between the ratios of calcium-enriched fatty acids in a diet and the average rectal 
temperature of broilers at days 21 and 35, post-hatching.  Furthermore, it was lower than the rectal 

Table 7. Effects of calcium-enriched fatty acid on blood parameters in broilers1)

Period CON 0.52) 1.0 2.0 5.0 SEM p-value
Day 21

Total cholesterol (mg/dL) 95.3 96.1 98.5 99.9 98.7 0.76 0.311

Triglyceride (mg/dL) 40.0 41.6 42.3 42.9 44.3 0.72 0.447

Day 35

Total cholesterol (mg/dL) 91.8 96.1 97.4 95.0 94.7 0.92 0.373

Triglyceride (mg/dL) 38.7 40.6 39.2 41.2 42.1 0.59 0.408
1)Values are the mean of six replicates per treatment.
2)The ratio of additive of calcium-enriched fatty acid in diets. 
Con, control diet; SEM, pooled standard error of mean.
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temperature reported by [32] which found a broiler rectal temperature of 42.57℃ under heat stress 
conditions (32℃, 40% relative humidity). Broilers fed the 5% calcium-enriched fatty acid diet 
showed lower rectal temperatures on day 21 compared to broilers fed the 0.5% and 2.0% calcium-
enriched fatty acid diets. It is anticipated that heat generation in the body of broilers can be reduced 
by including more than a specific amount of calcium-enriched fatty acid additives to their diets.

The proportion of edible meat in an animal body is an index of productive efficiency, and 
previous studies have focused on increasing broiler meat weight for a long time [33]. Broiler meat is 
divided into various sections for the commercial market, which favors breast meat; while drumsticks 
are widely preferred as nutritionally superior foods that contain essential levels of nutrients: 
carbohydrates, proteins, fats, minerals, and vitamins, along with a specific taste [34,35]. Previous 
studies have observed a low proportion of breast meat, a high proportion of thigh meat, and 
reduction of muscle protein synthesis in broiler meat under high-temperature conditions, compared 
to the standard housing temperature for broilers [36,37]. Contrary to the results of [38], who 
observed a negative effect on the proportions of broiler meat under heat stress (high-temperature 
conditions), calcium-enriched fatty acids did not affect carcass proportions; including empty body, 
breast meat, and drumstick weights of the broilers, from hatching to 35 days of age. However, other 
studies have reported that the chronic exposure of broilers to a high ambient temperature is highly 
correlated to increased ratios of abdominal, subcutaneous, and intermuscular fat deposits [39,40]. 
Our results indicated that chronic heat stress reduced muscle protein, but that the average broiler 
carcass weight was supplemented with fat deposits.

Contrary to the results of [37], who described the effects of dietary methionine isomers on 
broilers under acute heat stress conditions, the current study did not find any significant effects 
on nutrient digestibility, intestinal morphology, and blood parameters. The broilers in this study 
were fed with calcium-enriched fatty acid additives and subjected to chronic heat stress conditions. 
Apart from the calcium-enriched fatty acid, the feed fed to the broilers in this study had identical 
nutrients. [41] concluded that the villi height and ratio between villi heights and crypt depth of 
broilers could be affected by including the fat from tallow and dietary oil in their diet; however, 
this study did not find any significant effects of the dietary inclusion of calcium-enriched fatty 
acids on the intestinal morphology of broilers. Likewise, there were no significant effects on blood 
parameters due to the inclusion of calcium-enriched fatty acid to broiler diets; contrary to [42], who 
reported that probiotic supplementation to broilers reduces their serum cholesterol levels.

In conclusion, over the five weeks of the experimental period, broilers fed a diet containing 
calcium-enriched fatty acid additive showed improved growth performance under chronic heat 
stress conditions. On the other hand, the inclusion of calcium-enriched fatty acid additives to the 
diet of broilers did not influence nutrient digestibility, intestinal morphology, and blood parameters 
of broilers examined on days 21 and 35, post-hatching.
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