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Abstract 

This study was conducted to assess the effect of nettle supplementation on heat-stressed 
broiler performance and physiology. A total of 540 Ross-308 broiler chicks were randomly assigned to 
nine treatments each with six replications of 10 birds. Three contents of nettle were offered in either a 
fermented or unfermented (0, 1.5, and 3 g/kg) diet or in the drinking water (0, 1.5, and 3 g/L). At day 
10, feed intake and FCR increased with nettle content in the diet. Heat-stressed birds that received 
powdered nettle had a better FCR. At day 35, increasing nettle improved the FCR. Nettle-supplemented 
broilers had increased dry matter, protein, and fat digestibility. The interaction of factors indicated that 
a higher NDV titre in birds that received 3% nettle in all forms. A higher NDV titre was found in birds 
that received fermented nettle, whereas a lower titre was found given the nettle extract. Unfermented 
nettle substantially increased the immunoglobulin titre of heat-stressed broilers. The interaction of 
factors indicated an increased total antioxidant capacity (TAC) in birds that received 3% of either 
fermented or unfermented nettle. The TAC was higher with fermented nettle. The activity of glutathione 
peroxidase increased with fermented nettle supplementation. Villi length and villous height/crypt depth 
increased with the supplementation of nettle and was higher in birds that received the unfermented 
nettle. In addition to its growth promoting properties, this study indicates nettle as a potential agent 
against heat stress in broiler production.  
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Introduction  

Nowadays, the effect of climate change is becoming a serious threat to agriculture and food 
production globally. The most common environmental stressor in poultry production is heat stress. 
Climate change and rising global temperatures have intensified the effects of heat stress on most 
poultry enterprises (Lian, 2020). Therefore, adaptation to the current environmental changes with the 
consistent, efficient production has emerged a new challenge for the industry. Rapid growth rate due to 
genetic manipulation for efficient productivity, as well as heat loss limitations caused by feathering, 
sweat glands absenteeism, in addition to intensive production systems, have increased the sensitivity 
of modern broilers to rising temperatures (Emami et al., 2020). Broiler chickens are well-known for their 
high feed consumption and metabolic rates. In response to high environmental temperatures, birds 
reduce their physical activity and feed intake to limit heat production (Renaudeau et al., 2012). The 
consequence of reducing feed intake is insufficient nutrient uptake and utilization, thus decreasing the 
rate of production, causing massive economic problems in poultry businesses (Shokryazdan et al., 

Copyright resides with the authors in terms of the Creative Commons Attribution 4.0 South African Licence. 

See: http://creativecommons.org/licenses/by/4.0/za 

Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and 
the South African Journal of Animal Science. 

mailto:sleman.mohammed@uod.ac


Sadeeq et al., 2024. S. Afr. J. Anim. Sci. vol. 54 198 

 

2017). In addition to the adverse effects on production parameters, heat stress also induces marked 
physiologic and metabolic alterations in the body (Brugaletta et al., 2022). Impaired endocrine and 
metabolism, suppressed immunity (Wang et al., 2018; Hamidi et al., 2022), and acid–base imbalances 
are among the most reported physiological responses of broilers to heat stress. The oxidative stress 
caused by heat stress increases the vulnerability of broilers to various diseases (Rahmani et al., 2017). 
Heat stress also suppresses anti-oxidant defence mechanisms and decreases the antioxidant status of 
poultry (Sahin, 2015). These physiological and biological responses to heat stress lead to reduced 
weight gain and feed intake, increased mortality, and impair the general health status and productive 
performance of birds (Abdel-Moneim et al., 2021).  

Synthetic antioxidants and immunopotentiators have potential to improve the productivity of 

heat-stressed birds. However, due to the side-effects of the residues and metabolites on consumer 

health, the use of synthetic chemicals has been banned in animal nutrition after public concern about 

the safety and quality of food of animal origin (Mokhtarzadeh et al., 2022). In accordance, the use of 

natural products with direct or indirect antioxidant properties, particularly phytogenic products and 

medicinal plants, has attracted interest to ameliorate heat stress in poultry production.  

Stinging nettle (Urtica dioica) is a medical herb that has been frequently added to poultry diets 

as a phytogenic feed additive due to its high pharmacological and nutritional properties (Loetscher et 

al., 2013). Nettle has been confirmed to be of great nutritional value due to its well-balanced protein, 

mineral, and vitamin contents. In addition to its nutritional properties, nettle has garnered medicinal 

attention due to its content of polyphenols (kaempferol, quercetin, caffeic acid, coumarins, and other 

flavonoids) and pigments (beta-carotene) (Said et al., 2015). The nettle plant has been recognized for 

its antioxidant, anti-inflammatory, and antimicrobial properties due to its high content of biological and 

phytochemical active compounds. Dietary supplementation of nettle does improve the welfare and 

general health status of broiler chickens (Kregiel et al., 2018). Various researchers have noticed an 

improvement in performance and antioxidant indices when stinging nettle is added at 2–4% of broiler 

diets (Sharma et al., 2018).  

The broad aim of this study was to assess the efficacy of different contents and the form of 

supplementation of nettle on the performance, antioxidant capacity, and subsequent physiology of 

broiler chickens under cyclic heat stress. 

 
Materials and Methods 

This study was conducted at the poultry facilities of the Animal Production department, College 
of Agricultural Engineering Sciences, University of Duhok. The experiment was approved by the Animal 
Ethics Committee of the Department of Animal Production, College of Agricultural Engineering 
Sciences, University of Duhok (Approval No.: UoD AEC120120221). 

This experiment was designed to investigate the effect of nettle supplementation on heat-
stressed broiler performance and physiology. Three levels of nettle were offered in either a fermented 
or unfermented form (0, 1.5, and 3 g/kg diet) or in the drinking water (0, 1.5, and 3 g/L) of broilers (Table 
1). Birds were fed on the standard starter (1–10 d), grower (11–24 d), and finisher (25–35 d) broiler 
diets (Table 2). The nutrient profile of all diets was identical and formulated to meet broiler specifications 
(Aviagen, 2007). A total of 540 Ross 308, day-old broiler chicks were allocated randomly to nine 
treatments that were replicated six times with 10 birds per replicate. Chicks were reared in wood-
shaving-bedded floor pens (100 × 100 cm) and subjected to cyclic heat stress. Throughout the 35 d 
experimental period, the room temperature was fixed at 34 °C for 10 h (from 07:00 to 17:00). Thereafter, 
the temperature was set according to the Ross-308 management guide. Six hours of darkness were 
provided in a day throughout the experimental, apart from days 1 to 7 when 1 h of darkness was 
provided. Ad libitum feed and water were provided to the birds. On days 10 and 35, the residual feed 
and the birds were weighed to measure feed intake (FI), body weight (BW), body weight gain (BWG), 
and feed conversion ratio (FCR). Mortalities were recorded as they occurred and FCR was adjusted 
accordingly. On day 24, approximately 5 ml of blood were collected from the jugular vein of two 
randomly selected birds in each replicate to measure serum lipid profile and antioxidant indices. Then 
the two selected birds were killed by cervical dislocation, the body cavity was opened, and the internal 
organs were removed. Tissue samples were collected from the flushed proximate jejunum and fixed in 
10% formalin for the study of intestinal morphology. Excreta samples were collected in each replicate 
to measure the apparent digestibility of nutrients.  
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Table 1 Experimental treatments*  

Treatment  Form of nettle administration 

T1 Control (no nettle) 
T2 Control diet + 1.5 g nettle/L of drinking water 

T3 Control diet + 3 g nettle/L of drinking water 

T4 Control diet + 1.5 g of unfermented nettle powder/kg diet  

T5 Control diet + 3 g of unfermented nettle powder/kg diet 

T6 Control diet + 1.5 g of fermented nettle powder/kg diet 

T7  Control diet + 3 g of fermented nettle powder/kg diet 

*Each treatment was replicated six times with 10 birds per replicate  

 
Table 2 Composition of the basal starter, grower, and finisher diets (as a percentage) 

Ingredient  Starter Grower Finisher 

Wheat  54.567 59.149 654.47 
Soyabean meal 34.314 30.133 230.01 
Sunflower oil 4.424 5.718 59.47 
Limestone 1.244 1.262 15.04 
Dical Phos (18P/21Ca) 1.459 1.466 5.22 
Xylanase powder (500g/mt) 0.050 0.050 0.50 
Salt 0.362 0.172 2.19 
Na bicarb - 0.200 - 
Broiler premix1  2.500 1.000 25.00 
Choline Cl 60% 0.082 0.074 - 
L-lysine HCl 78.4 0.384 0.288 3.46 
DL-methionine 0.397 0.326 3.00 
L-threonine 0.215 0.162 1.67 

Nutrient composition    

ME Poultry, kcal/kg 2950 3100 3200 
Crude Protein, % 22.5 21.0 19.5 
d Arg pou, % 1.310 1.140 1.020 
d Lys pou, % 1.310 1.140 1.020 
d Met pou, % 0.679 0.591 0.534 
d M+C pou, % 0.940 0.840 0.760 
d Trp pou, % 0.278 0.257 0.220 
d Thr pou, % 0.830 0.730 0.650 
Calcium, % 0.900 0.900 0.850 
Phosphorus avail, % 0.450 0.450 0.420 
Chloride, % 0.368 0.234 0.368 
Choline, mg/kg 1599.999 1500 1408.814 

1 The broiler premix contained enzymes, vitamins, minerals, and essential amino acids  

 
Two grams of freeze dried Lactobacillus bacteria were mixed with 1000 ml of distilled water and 

30 grams of table sugar and incubated at 39 °C for 24 h. Fresh nettle plant was collected, chopped, 
dried, and ground and transferred into vacuumed bags. Thereafter, samples were inoculated with the 
prepared bacterial suspension at 10 ml /kg (10% cfu/g), sealed, and left for anaerobic fermentation for 
48–96 h. Fresh nettle plant was boiled in water for 10 min. After cooling, the water was filtered and 
offered to the birds at the exact experimental levels.  

 
The collected blood samples were centrifuged and serum was obtained. An ELISA assay was 

used to measure the serum total antioxidant capacity (TAC) and activities of glutathione peroxidase 
(GSH-Px), catalase (CAT), and super oxide dismutase (SOD), following the instructions of the 
corresponding commercial kits produced by Kiazist (Kiazist Life Sciences, Hamedan, Iran). After the 
harvesting of serum, the antibody titres against infectious bronchitis (IBV) and Newcastle Disease Virus 
(NDV) were measured at day 24 using a hemagglutination–inhibition test. For this test, two-fold serial 
dilutions of heat-inactivated (at 56 °C) serum were made in U-bottom microtitre plates with phosphate-
buffered saline (PBS) (0.01 mol/L; pH 7.4) for total antibody determination. 
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On days 33, 34, and 35, excreta samples of each replicate were collected in a plastic container 
and immediately frozen and stored until analysis. All samples were analysed in duplicate. The Agri 
check method using near infrared was applied to determine the protein content of feed samples (AOAC, 
1990) for undigested samples. Nitrogen content of samples was determined using a Kjeldahl nitrogen 
analyser and converted to equivalent CP by a numerical factor of 6.25. The nutrients (dry matter, 
protein, and fat) and apparent digestibility values were determined by subtracting the nutrient content 
in faeces from that of feed. 

Approximately 1 cm of proximal jejunum tissue was taken, flushed with buffered saline, and 
preserved in 10% neutral buffered formalin for morphological study. After being embedded in paraffin 
wax, tissue samples underwent haematoxylin and eosin staining. Thereafter, samples were sectioned 
and photographs were taken under a microscope using a digital camera at 10× magnification (Dino-
Eye Microscope Eyepiece Camera). The morphometric indices of tissue samples were ascertained 
using Dino-Eye software. The villus height and crypt depth were measured using digital images of 7–
10 well-oriented villi in each jejunal section. The apparent absorptive surface area of the villus 
was determined using the formula (Iji et al., 2001):  

 
Apparent absorptive surface area (µm2) = [(villus tip width + villus base width)/2] × villus height  (1)  

 
To determine the main effect of each of the experimental factors and their interactions, 

the General Linear Model (GLM) procedure of Minitab v17 was used (Minitab Inc., Pennsylvania, PA, 
USA). Duncan’s multiple range test was used to determine the differences between mean values. 

 
Results  

There was no interaction between the experimental factors for the feed intake (FI) body weight 
(BW) and feed conversion ratio (FCR) of 10 day-old broiler chickens (Table 3). The content of nettle 
had no marked effect on the above-mentioned performance parameters. However, feed intake and FCR 
values increased with increasing nettle content in the diet. Heat-stressed birds that received 
unfermented nettle consumed less feed (P = 0.043) and had better (P = 0.022) FCR than those that 
were offered the fermented nettle; both groups and the water-supplemented group were similar. Higher 
FI and FCR were recorded in birds that were supplemented with fermented nettle powder. 
 
Table 3 Means (± SE) of feed intake (FI, g/bird), bodyweight (BW, g) and feed conversion ratio (FCR, 
g feed/g weight gain) in 10-day old broiler chickens given different contents of nettle in different forms 
under heat stress 

abc- Differences between means shown in the same column with different letters are significantly different 

Nettle Content (%) Form Response 

  FI BW FCR 

0 
 

236.2 ± 4.16 274.9 ± 4.9 1.034 ± 0.52 

1.5  Water  238.0 ± 12.47 267.1 ± 7.09 1.078 ± 0.56 

3  Water  247.5 ± 7.73 279.3 ± 6.14 1.060 ± 0.015 

1.5  Unfermented  240.6 ± 13.88 280.8 ± 5.63 1.023 ± 0.044 

3  Unfermented  227.7 ± 11.02 267.0 ± 7.77 1.031 ± 0.019 

1.5  Fermented  259.3 ± 9.74 279.0 ± 6.67 1.012 ± 0.043 

3  Fermented  264.5 ± 6.64 276.2 ± 4.69 1.151 ± 0.024 

Main effects     

0  236.17 274.85 1.0345 

1.5  245.97 275.61 1.0737 

3  246.56 274.17 1.0810 

Form      

 Water 240.57ab 273.74 1.0579ab 

 Unfermented  234.81b 274.20 1.0297b 

  Fermented 253.32a 276.68 1.1017a 

Main effect and interaction (P-value) 

Content × Form   0.291 0.305 0.317 

Content  0.289 0.957 0.150 

Form   0.043 0.811 0.022 
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When assessed over the 35-d experimental period, FI and BW were not affected by 
experimental factors or their interaction (Table 4). Although not statistically significant, BW tended to 
increase in all nettle-supplemented birds compared to the control group. Considering the main effect, 
increasing supplementation of nettle improved (P = 0.001) the FCR of broiler chickens.  
 
Table 4 Means (± SE) of feed intake (FI, g/bird), bodyweight (BW, g) and feed conversion ratio (FCR, 
g feed/g weight gain) in 35day-old broiler chickens given different contents of nettle in different forms 
under heat stress 

Nettle Content % Form Response 

  FI BW FCR 

0 
 

2607.1 ± 32.85 1700.8 ± 20.61 1.575 ± 0.02 

1.5  Water  2563.8 ± 37.17 1707.1 ± 18.94 1.543 ± 0.01 

3  Water  2539.3 ± 24.49 1749.5 ± 10.41 1.490 ± 8.66 

1.5  Unfermented  2512.4 ± 55.8 1718.7 ± 18.53 1.502 ± 0.02 

3  Unfermented  2496.2 ± 44.2 1734.8 ± 23.51 1.478 ± 9.32 

1.5  Fermented  2557.4 ± 53.8 1732.2 ± 21.43 1.516 ± 0.019 

3  Fermented  2572.7 ± 54.7 1711.0 ± 32.83 1.545 ± 0.011 

Main effects     

0  2607.1 1700.8 1.5753a 

1.5  2544.5 1719.3 1.5207b 

3  2536.1 1731.7 1.5047b 

Form      

 Water 257.1 1719.1 1.5364 

 Unfermented  2538.6 1718.1 1.5186 

  Fermented 2579.1 1714.7 1.5459 

Main effect and interaction (P-value) 

Content × Form   0.949 0.693 0.124 

Content  0.179 0.220 0.001 

Form   0.588 0.966 0.157 

abc- Differences between means shown in the same column with different letters are significantly different 

 

The interaction of experimental factors tended (P = 0.085) to increase the coefficient of 
digestibility of dry matter in all nettle-supplemented birds compared to the control (Table 5). Regardless 
of the for of nettle supplementation, the apparent digestibility of dry matter increased (P = 0.001) in 
nettle- supplemented broilers. The form of nettle supplementation had no effect on the digestibility of 
dry matter. The interaction of experimental factors had no effect on the digestibility coefficients of protein 
and fat. Irrespective of the form of nettle supplementation, protein (P = 0.014) and fat (P = 0.001) 
digestibility increased in nettle-supplemented broiler chickens. Form of nettle supplementation had no 
marked effect on the digestibility of both protein and fat. 

Jejunum histomorphology of heat-stressed birds on different supplementation and forms is 
shown in Table 6. No interaction was detected between the experimental factors with respect to villous 
height. However, villus length increased (P = 0.001) when the nettle supplementation increased. Form 
of nettle supplementation had no effect on villi length but birds on diets supplemented with fermented 
nettle powder tended (P = 0.072) to have shorter jejunal villi than other groups. Neither the interaction 
of experimental factors nor the form of nettle supplementation had any marked effect on the crypt depth. 
However, crypt area tended (P = 0.08) to get deeper in birds that received 1.5% nettle, followed by 
those that were on diets containing 3% nettle. The villous height/crypt ratio was not influenced by the 
treatments and the form of nettle supplementation. However, the ratio of villous height/crypt depth 
increased (P = 0.033) on the highest supplementation. Although the interaction of experimental factors 
was not statistically significant, the absorptive surface area of villi increased in all treatments compared 
to the control; increasing nettle levels tended (P = 0.059) to increase the absorptive surface area of villi. 
The surface area of absorption was higher (P = 0.007) in birds that received the unfermented nettle 
powder and its extract compared to those that were on diets supplemented with fermented nettle 
powder. 
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Table 5 Means (± SE) of nutrient digestibility of heat-stressed broiler chickens given different contents 

and forms of nettle 

Nettle Level % Form  Digestibility coefficient 

Dry matter Protein Fat 

0 
 

0.016±  0.646 0.013±  0.525 1.42±  0.656 

1.5  Water  0.017±  0.684 0.033±  0.637 1.40±  0.691 

3  Water  0.019±  0.679 0.031±  0.618 1.02±  0.693 

1.5  Unfermented  0.015±  0.672 0.035±  0.589 2.18±  0.693 

3  Unfermented  0.014±  0.701 0.067±  0.538 1.42±  0.691 

1.5  Fermented  0.036±  0.712 0.023±  0.587 1.59±  0.690 

3  Fermented  0.078±  0.671 0.038±  0.622 1.33±  0.691 

Main effects     

0  0.646b 0.524b 0.656b 

1.5  0.689a 0.604a 0.691a 

3  0.686a 0.592a 0.692a 

Form      

 Water 0.669 0.593 0.680 

 Unfermented  0.675 0.550 0.680 

  Fermented 0.676 0.578 0.679 

Main effects and interaction (P-value) 

Content × Form   0.085 0.598 0.982 

Content  0.001 0.014 0.001 

Form   0.798 0.307 0.868 

abc- Differences between means shown in the same column with different letters are significantly different 

 

Table 6 Means (± SE) of jejunum histomorphology of heat-stressed broiler chickens given different 

contents and forms of nettle  

Nettle Level % Form  Response 

  Villi height Crypt depth Villi/crypt Area 

0 
 

1916.8 ± 20.82 282.3 ± 20.65 6.01 ± 0.28 3.48 ± 0.32 

1.5  Water  2249.0 ± 34.70 324.1 ± 22.45 7.03 ± 0.40 5.24 ± 0.45 

3  Water  2367.1 ± 35.51 307.1 ± 18.16 7.62 ± 0.48 5.88 ± 0.22 

1.5  Unfermented  2528.0 ± 25.31 316.9 ± 20.00 7.64 ± 0.61 6.03 ± 0.31 

3  Unfermented  2450.2 ± 13.88 286.1 ± 8.57 8.80 ± 0.57 5.30 ± 0.65 

1.5  Fermented  2201.8 ± 24.08 313.6 ± 20.73 6.85 ± 0.67 4.37 ± 0.47 

3  Fermented  2184.0 ± 13.06 264.2 ± 15.92 8.55 ± 1.15 4.51 ± 0.79 

Main effects      

0  1916.8b 2823 7.209b 4.178 

1.5  2320.6a 318.2 7.165b 5.211 

3  2323.3a 287.2 8.280a 5.223 

Form       

 Water 2164.0 303.4 7.262 5.041a 

 Unfermented  2254.0 294.9 7.751 5.074a 

  Fermented 2086.9 286.4 7.512 4.338b 

Main effect and interaction (P-value)  

Content × Form   0.381 0.870 0.757 0.251 

Content  0.001 0.080 0.033 0.059 

Form   0.072 0.56 0.431 0.007 

abc- Differences between means shown in the same column with different letters are significantly different 

 
An interaction (P = 0.001) occurred between the NDV titre in birds that received 3% of nettle in 

their drinking water (9839), followed by those that given 3% of unfermented (9723) or fermented nettle 
(9540) (Table 7). Excluding the 1.5% nettle in the drinking water, supplementation of nettle in all forms 
increased the NDV titre of heat-stressed birds. Increasing nettle content increased (P = 0.002) the NDV 
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titre of heat-stressed broilers independent of the form. A higher NDV titre (P = 0.001) was found in birds 
that received fermented nettle whereas a lower NDV titre was found in those that were offered nettle in 
their drinking water. The content and the form of nettle tended to interact (P = 0.055) with the IB titre. A 
higher IB titre was detected in birds that were supplemented with both contents of nettle powder, 
followed by the control group. The interaction of experimental factors tended to decrease the IB titres 
in birds that were offered nettle in their drinking water or as a fermented powder. Although not 
statistically significant, the IB titre decreased with increasing nettle supplementation. Regardless of the 
nettle content, unfermented nettle powder increased (P = 0.016) the IB titre of heat-stressed broilers 
compared to those that were received nettle in their drinking water or as fermented powder.  
 

Table 7 Means (± SE) of antibody titre of heat-stressed broiler chickens given different contents and 

forms of nettle 

Nettle Level % Form Antibody titre 

  1NDV 2IB 

0  5666 ± 27.76d 5999 ± 22.45 

1.5  Water  5996 ± 33.06d 5337 ± 42.45 

3  Water  9839 ± 24.08a 4404 ± 33.06 

1.5  Unfermented  7043 ± 25.71c 6775 ± 20.00 

3  Unfermented  9723 ± 25.31a 6017 ± 30.61 

1.5  Fermented  7645 ± 20.82b 4808 ± 31.02 

3  Fermented  9540 ± 11.02a 5696 ± 19.59 

Main effects    

0  5666c 5999 

1.5  6895b 5640 

3  9701a 5372 

Form     

 Water 7167c 5246b 

 Unfermented  7477b 6264a 

  Fermented  7617a 5501b 

Main effect and interaction (P-value) 

Content × Form   0.001 0.055 

Content  0.001 0.210 

Form   0.002 0.016 

abc- Differences between means shown in the same column with different letters are significantly different; 1NDV = 

Newcastle disease virus; 2IB = infectious bronchitis  

 
There was an interaction (P = 0.011) between experimental factors indicating a higher total 

antioxidant capacity (TAC) in birds that received 3% fermented nettle powder, followed by those on 3% 
unfermented nettle powder (Table 8). In general, TAC was higher in all nettle-supplemented birds, 
compared to the control. Total antioxidant capacity increased with increasing nettle level, but not 
statistically. The TAC increased (P = 0.011) in birds that were supplemented with fermented nettle 
compared to those that received the nettle extract in their drinking water. A higher glutathione 
peroxidase (GPX) was found in birds that received 1.5% and 3% fermented and 3% unfermented nettle 
powder (P = 0.001). The activity of GPX was higher (P = 0.001) in birds that received 1.5% nettle powder 
compared to the control group and those that received 3% nettle extract in their drinking water. The 
GPX was higher (P = 0.001) in birds that received 1.5% nettle, compared to the control. As a main 
effect, GPX activity increased (P = 0.001) with nettle supplementation. The activity of GPX increased 
(P = 0.001) in birds that were supplemented with fermented nettle compared to those that received 
nettle extract in their drinking water. Experimental factors and their interaction did not affect the activity 
of catalase and superoxide dismutase (SOD) in the serum of heat-stressed broiler chickens. 
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Table 8 Means (± SE) of serum antioxidants of heat-stressed broiler chickens supplemented with 

nettle in different forms 

Nettle content % Form Response 

  1TAC 2GPX Catalase 3SOD 

0 0 956.3 ± 15.51cd 305.6 ± 24.01d 279.6 ± 27.76 1043.8 ± 33.06 

1.5  Water  988.1 ± 33.06bc 478.7 ± 36.25bc 209.5 ± 16.81 1022.8 ± 13.47 

3  Water  855.2 ± 32.25d 417.6 ± 10.04c 284.1 ± 34.29 993.8 ± 14.69 

1.5  Unfermented  962.9 ± 25.31bcd 488.9 ± 4.10b 300.5 ± 38.78 1080.4 ± 33.06 

3  Unfermented  1090.3 ± 38.78ab 636.6 ± 6.63a 275.0 ± 22.04 1052.6 ± 26.12 

1.5 Ferment  1042.9 ± 29.39abc 611.1 ± 1.37a 241.2 ± 25.80 979.1 ± 7.34 

3 Ferment  1156.2 ± 22.04a 636.6 ± 12.08a 261.4 ± 21.88 1019.2 ± 11.02 

Main effects      

0  956.3 305.6b 279.6 1043.8 

1.5  997.4 523.4a 251.0 1030.3 

3  1025.2 542.7a 273.4 1020.1 

Form       

 Water  936.7b 403.0b 257.7 1020.2 

 Unfermented  1004.2ab 477.9ab 285.6 1059.3 

 Fermented  1044.3a 517.7a 261.9 1016.1 

Main effect and interaction (P-value) 

Content × Form   0.011 0.001 0.661 0.540 

Content  0.135 0.001 0.596 0.686 

Form   0.011 0.001 0.613 0.200 

abc- Differences between means shown in the same column with different letters are significantly different; 1TAC = 

total antioxidant capacity; 2GPX = glutathione peroxidase; 3SOD = superoxide dismutase  

 

Discussion 

This experiment assessed the supplementation of nettle in the diet or in the drinking water of 
heat-stressed broilers. The results of the current study clearly demonstrated the positive effects of nettle 
supplementation on broiler performance under heat stress. Although not significant at the earlier ages, 
body weight, weight gain, and FCR of heat-stressed broiler chickens improved when the accumulative 
effect of nettle supplementation was assessed throughout the experimental period. This concurred with 
the findings of Meimandipour et al. (2017), who reported that the addition of nano-encapsulated nettle 
extract in diet substantially improved feed conversion efficiency in broiler chickens. Increased body 
weight was also reported by Kwiecien & Mieczan (2009) when 2% nettle was added to the broiler diet. 
In contrast, Seyed et al. (2018) found that supplementation of nettle leaf extract had no marked effect 
on the performance of broiler chickens. The negative impact of heat stress was obvious on the control 
group. This was reflected in lower body weight, weight gain, and poor FCR.  

Performance and blood metabolites of animals can be modified by heat stress (Habashy et al., 
2017). The consequences of heat stress in broilers are high mortality, decreased body weight, poor 
FCR, and inefficient production (Uerlings et al., 2018). Elevation of the core body temperature, sharp 
increase in the circulation of blood and peripheral blood flow, and low blood flow to the visceral organs 
are some of the physiological responses of birds to heat stress. These physiological effects may limit 
feed efficiency and nutrient utilization and subsequently decrease the production performance of heat-
stressed birds (Mashaly et al., 2004). Heat stress may also make the body secrete excessive 
glucocorticoids, which can promote the body’s decomposition of proteins and thus cause cell damage.  

Nettle is a good source of vitamin C, which can regulate the secretion of glucocorticoids and 
relieve the cell damage caused by heat stress (Yin et al., 2013). Dietary supplementation of phytogenics 
has demonstrated an anti-stress effect through the restoration of serum corticosterone, heterophil/ 
lymphocyte ratio, and the thermoregulatory mechanism in heat-stressed broilers (Ramasamy et al., 
2018).  

In the current study, there was an improvement in the digestibility of dry matter, protein, and fat 
due to the supplementation of nettle to heat-stressed broilers. Dietary herbal plants and their extracts 
have been confirmed to improve the secretion and activity of digestive enzymes and increase the 
intestinal digestion and utilization of nutrients (Marzoni et al., 2014). The inclusion of medicinal herbs 
reduces the proliferation of pathogenic bacteria in the gastrointestinal tract, which increases intestinal 
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health and favours higher digestibility of nutrients (Hassan et al., 2015). The results disagree with 
Aroche et al., (2018) who found that dietary inclusion of phytochemical components has no effect on 
the total and apparent ileal digestibility of dry matter and nitrogen in broilers. Rebekah et al. (2022) 
reported that the ileal digestibility of dry matter was highest in birds offered the recommended nutrient 
specification diet, compared to that of birds offered medicinal plants. Poor nutrient digestibility was 
obvious in the control in the current study. Poor digestibility of protein, fat, and starch was observed in 
heat-stressed broilers (Bonnet et al., 1997). The negative impacts of heat stress on nutrient digestibility 
can be explained by decreasing the expression and the activity of most digestive enzymes such as 
trypsin, chymotrypsin, lipase, amylase, and maltase in broilers (Al-Zghoul et al., 2019).  

In the present study, nettle supplementation was effective in improving the intestinal 
morphology of birds under heat-stress conditions. It is well known that intestinal damage is a primary 
response to heat stress, including compromised intestinal integrity and barrier function (Varasteh et al., 
2015). This was confirmed in the current study in which the heat-stressed group of broilers recorded 
poorer jejunum morphology. Nettle supplementation reduced the negative impacts of heat stress on the 
intestinal morphology. This was evidenced by longer villi and a higher absorptive surface area of villi of 
heat-stressed broilers supplemented with nettle. Urtica dioica possess phytochemicals such as 
phenolic compounds, which have been shown to be effective in scavenging free radicals (Akbay et al., 
2003). Dietary antioxidants protect gut epithelial cells from pro-apoptotic oxidant stress, which results 
in increased epithelial cell growth (Miller et al., 2001). The improved development of intestinal 
morphology due to nettle consumption can be attributed to greater efficiency in the utilization of feed 
(Apajalahti et al., 2004). The findings concur with those of Hedayati & Manafi (2018), who reported that 
villus height increased and crypt depth decreased in the ileum and jejunum of medicinal plant-
supplemented broilers. Furthermore, longer ileal villi were found in medicinal plant-supplemented 
broilers (Fascina et al., 2017).  

In the present study, nettle supplementation to heat-stressed birds improved antibody 
production against NDV and IB. Dietary supplementation of phytogenics enhances immune responses, 
thereby increasing bursal cortical area and antibody titres against NDV and reducing gut lipid oxidation 
(Fascina et al., 2017). The higher antibody titres may be attributed to the impact of antioxidants and 
essential amino acids (Ahmad et al., 2018). Phenolic compounds, such as thymol and carvacrol, which 
are present in plants, enhance the immune response of broilers (Manafi, 2015). Lans et al. (2011) 
reported that nettle can enhance immune responses in poultry. Similar immune enhancement due to 
nettle consumption has been noticed in fish (Ngugi et al., 2015). In contrast, Hashemi et al. (2018) 
reported that antibody titres of broilers against diseases were not influenced by dietary supplementation 
of nettle. Similar results have been reported by Seyed et al. (2018), where the extract of nettle leaves 
was offered to broilers. Sharma et al. (2018) found that nettle had no effect on antibody titres against 
ND.  

Poor antibody production was evidenced in the non-supplemented, control group of broilers. 
This concurred with Mashaly et al. (2004), who reported that high temperatures adversely influenced 
the immune functions of layer chickens, reducing the total count of white blood cells and inhibiting 
antibody production. Heat stress decreases immunocompetence in chickens, including a decline in the 
weight of immune organs (Calefi et al., 2016) and decreasing antibody production against antigens 
immunized (Hajializadeh et al., 2017). Heat stress also deteriorates the morphology of the thymus 
cortex and bursal follicles, which are the primary sites of T and B cell functional maturation. B cells and 
CD3+ T cells were severely depressed and an undeveloped germinal centre, which is critical for the 
proliferation of B cells, were reported in the spleen of heat-stressed broilers (Hirakawa et al., 2020).  

Heat stress promotes the production of reactive oxygen species (ROS), which causes oxidative 
damage and decrease antioxidant capacity (Song et al., 2018). High ambient temperatures disrupts 
lipid metabolism in broilers, thereby inducing oxidative injury in liver tissues (Emami et al., 2020). Free 
radicals increase, whereas antioxidant enzymes activities and free radical scavenging capacity decline 
in heat-stressed broilers (Miao et al., 2020). Supplementation with exogenous antioxidants, such as 
herbal plants, can support the endogenous antioxidant system to prevent health disorders (Ognik et al., 
2016). In the current study, nettle supplementation markedly increased the TAC and the activity of GPx 
in heat-stressed broilers. Phytochemicals have a strong effect on heat stress as natural antioxidants.  

Polyphenols are abundant in a variety of plants and have been used for various purposes 
because of their strong antioxidant ability (Crozier et al., 2009). The presence of phenolic compounds 
in the extract or essential oil of these herbal medicines often demonstrates their potent antioxidant and 
antimicrobial properties. Herbal medicines are often preferred due to their lower toxicity and side effect 
-free nature, as compared to synthetic antimicrobial agents. Bioavailability is the primary essential 
measure for assessing the health benefit of herbs. It has been reported that the stinging nettle extract 
contains antioxidants (Gülcin, 2004). The results concur with Toghyani et al. (2015), who found that 
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serum antioxidant capacity of broilers was substantially elevated by nettle or ginger. Daramola (2019) 
reported that lipid peroxidation decreased and the activity of GSH increased when herbs or medicinal 
plants were offered to broiler chickens. In contrast, Daramola (2019) found that herbs or medicinal plant 
intake increased the activity of catalase and SOD in the serum of broiler chickens. Heat stress may also 
make the body secrete excessive glucocorticoids, which can promote the decomposition of proteins 
and thus cause cell damage. Nettle it is a good source of vitamin C, which can regulate the secretion 
of glucocorticoids and relieve the cell damage caused by heat stress (Yin et al., 2013).  

 

Conclusions  

The present study indicated that nettle supplementation was effective in improving the 
productive performance of heat-stressed broiler chickens, thus reducing the negative impacts of heat 
stress. Nutrient digestibility and intestinal morphology of heat-stressed broiler were also improved by 
nettle supplementation. Antibody production against NDV and IB improved with nettle supplementation. 
The achieved outcomes of this study suggest that nettle would be beneficial to ameliorate the negative 
impacts of heat stress by efficiently enhancing the performance, nutrient digestibility, intestinal 
morphology, and antioxidant indices of heat-stressed broilers. In addition to its growth promoting 
properties, this study indicates nettle as a potential agent against heat stress in broiler production.  
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