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Abstract 
 

This study evaluated the effect of Echinacea purpurea extract in drinking water on the growth, slaughter performance and 
meat quality of broilers. 500 1-day-old broilers were randomly assigned to I) water only, II) 200 mg/L-Astragalus 
polysaccharide, and III) to V) 100, 200, 600 mg/L-E. purpurea extract, respectively. E. purpurea enhanced average-daily-gain, 
evisceration-yield rates, the thigh muscle percentages, but reduced feed-to-gain ratios. Percentage of breast muscle was 
highest (P<0.05) in group IV. At 21-d, E. purpurea increased the lightness (L*) and redness (a*) of breast muscle. At 42-d, the 
L* of breast muscle was less (P<0.05) in group V than in group II, yellowness (b*) was less (P<0.05) in group V compared with 
groups II, III and IV, while the a* of thigh muscle was greater in group V (P<0.05) than in groups III and IV. Dry matter content 
was greater (P<0.05) in group IV than in group I. The drip loss rate of group IV was lower (P<0.05) than groups I and V, and 
greater (P<0.05) in group V than in group II. E. purpurea (200 mg/L) can be natural alternative additives in drinking water to 
improve broiler production and meat quality. 
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1. Introduction  

Echinacea purpurea (E. purpurea) is a perennial medicinal 

herb belonging to the genus Echinacea, containing a multitude 

of constituents including alkylamides, polysaccharides, 

chicoric acid, and caffeic acid derivatives. It has been reported 

that the plant's polysaccharides may promote intestinal 

epithelial proliferation and inhibit LPS-induced IL-1α 

secretion.[1] Chicoric acid has been observed to exert 

anticancer effects, such as decreasing telomerase activity and 

inducing the apoptosis of colon cancer cells.[2] Caffeic acid 

derivatives isolated from E. purpurea have exhibited 

antioxidant activity.[3] Hence, these active constituents of E. 

purpurea have been shown to provide physiological benefits. 

A previous study reported that Echinacea upregulates the 

macrophage function by initiating a signaling cascade through 

both TLR4-dependent and -independent mechanisms.[4] It can 

enhance the activity of neutrophil granulocytes and natural 

killer cells, as well as promote peripheral T lymphocyte 

proliferation, while also enhancing the immune response to 

respiratory, urinary tract and other infections.[5-7] For instance, 

a standardized extract of Echinacea has been reported to have 

direct anti-viral effects against H5N1, H7N7 and H1N1 

viruses.[8] E. purpurea can selectively induce the synthesis of 

pro- and anti-inflammatory cytokines[9] and exert 

therapeutically favorable effects for the management of 

ulcerative colitis.[10] At present, many studies have 

demonstrated that E. purpurea has been a popular herbal 

antioxidant. The study of Lee et al.[11] demonstrated that the 

activity of antioxidative enzymes in liver and spleen were 

higher after being supplemented with EP powder for 35 

days.[11] E. purpurea is mainly used as an immunomodulator 

in livestock production and studies of its effect on meat quality 

are limited.[12] 

With the development of intensive and large-scale 
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breeding modes, breeding with virus has been a common 

occurrence because of immune failures typically in China. The 

presence of a virus reduces the immunity of the body, which 

may seriously affect the growth performance of livestock and 

poultry. Researches on growth promoting additives are often 

focused on some nutritional or antibacterial growth promoting 

directions, while few studies are focused on the growth 

promoting effect of natural plant extracts with an immune 

enhancing effect. With customers’ rising expectations for the 

quality of livestock and poultry products, developping 

Chinese herbal medicine feed additives that promote growth, 

body performance, muscle quality and disease resistance 

without antibiotics, could contribute to the healthy 

development of the poultry breeding industry. E. purpurea, 

known to possess important immune-stimulatory, 

antioxidative and anti-inflammatory properties, can be used as 

an effective alternative for reducing bacterial and viral 

infections and improving meat quality. Therefore, with the 

goal of producing safe animal products and achieving healthy 

livestock breeding, this study evaluates the effect of E. 

purpurea extract in drinking water on the growth, slaughter 

variables, and meat quality in broilers. We present conclusive 

results concerning the value of E. purpurea as a feed additive 

in poultry breeding. 

 

2. Material and Methods  

2.1. Reagents 

Soluble E. purpurea extract powder containing 4% chicoric 

acid was donated from the Chinese National Animal Health 

Engineering Research Center. Astragalus polysaccharide 

(APS) was purchased from Shanxi Zhongxin Biotechnology 

Co., Ltd. A combined vaccine against Newcastle disease and 

infectious bronchitis, as well as an attenuated vaccine for 

infectious bursal disease was purchased from Yebio, China. 

 

2.2 Animal and Experimental Design 

The experiment was conducted at the University of Science 

and Technology of Anhui, and the animal protocol for this 

research was approved by the Animal Care and Use 

Committee. Five hundred 1-day-old AA broilers were 

randomly assigned to 5 groups, with two replicates per 

treatment group. Groups I, II, III, IV, and V were treated with 

normal drinking water (control), 200 mg/L APS, 100, 200, and 

600 mg/L of E. purpurea extract, respectively. Both APS and 

E. purpurea were prepared in drink water. At 7-35 d, to ensure 

that broilers consumed water containing the treatment quantity 

of supplement within 3 h, they were deprived of drinking 

water for half an hour before given access to supplemented 

water. The experiment lasted 42 d. Chickens were given a 

basic diet prepared according to NRC (Nutritional Research 

Council) nutrient standards for corn soybean meal (1994). The 

composition and nutritional values of the diet are presented in 
Table 1. Up to the age of 21 days, chickens were raised in 3-

tier cages. Subsequently, they were maintained in free-range 

husbandry and had access to food and water ad libitum. 

Broilers were vaccinated against Newcastle disease and 

infectious bronchitis disease at day 7 and day 28 and against 

infectious bursitis at day 14. The animals were exposed to light 

for 12 hours per day. Further breeding management 

procedures were performed according to conventional broiler 

breeding methods. 

 

Table 1 Composition and nutrient levels of basal diets (air-dry 

basis, %) 

 Items 

Content 

1 to 3 weeks 4 to 6 weeks 

Ingredients 

Corn 59.40 62.50 

Soybean meal 31.60 28.00 

Wheat bran 3.0 5.5 

Fish meal 2.0 0.0 

1) Premix 4 4 

nutrient levels 

ME(MJ/kg)2) 12.13 12.35 

CP 21.00 19.00 

Ca 0.96 0.90 

P 0.70 0.64 

Lys 1.10 0.94 

1) The premix provided the following per kg of diet：VA 5400 

IU, VB1 2 mg，VB2 15 mg，VB12 30 mg，VD3 10800 IU，VE 

1.5 IU，VK3 5 mg，VB3 30 mg，biotin 0.5mg，Ｄ-pantothenic 

acid 25 mg，Fe 80 mg，Cu 10 mg，Zn 64 mg，Mn 134 mg，

Se 1.52 mg，I 1.32 mg. 

2) ME was a calculated value, while the others were measured 

values. 

 

2.3 Performance traits  

Twenty-five broilers from each group were weighed on test 

days 21, 28, 35 and 42. Feed intake was constantly recorded 

to calculate average daily weight gain and feed conversion 

ratios. 

 

2.4 Slaughter variables 
At days 21 and 42, 10 chickens were randomly selected from 

each group, bled via the jugular vein and slaughtered 

according to conventional methods.[13] The whole slaughter 

process followed the guidelines approved by the Animal Care 

and Use Committee of the University of Science and 

Technology of Anhui, China. The slaughter rate, half-

evisceration yield rate, evisceration yield rate, breast muscle 

percentage, thigh muscle percentage and abdominal fat 

percentage were determined.  

 

2.5 Meat quality 
Twenty-four hours after slaughter, brightness (L*), redness (a*) 

and yellow intensity (b*) were measured with a colorimeter on 

a planar cross-section of the left breast and thigh muscles. For 

each sample, three sites were selected, and the average value 

was recorded. At 24 h of storage at 4 °C, pH values of muscle  
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Table 2 Effects of Echinacea extract on feed intake and the ratio of feed to gain of broilers 

 

Ages  

(day) 

 

Items 

Group (raw data ± S.D.)  Group (adjusted data ± S.E.) 

I II III IV V  I II III IV V 

22~28 ADG/g 70.5±5.8 72.5±4.0 65.6±4.6 70.4±6.6 65.6±2.2  70.7±5.

0 

72.5±5.

0 

65.6±5.

0 

70.4±5.

0 

65.3±5.

0 

 ADFI/g 116.2±9.

7 

113.8±5.8 108.5±8.3 115.3±11.

3 

105.9±1.

8 

 115.4±8

.3 

114.0±8

.3 

108.5±8

.3 

115.4±8

.3 

105.5±8

.3 

 F/G 1.7±0.0 1.6±0.1 1.7±0.1 1.6±0.1 1.6±0.0  1.6±0.1 1.6±0.1 1.7±0.1 1.6±0.1 1.6±0.1 

29~35 ADG/g 69.9±0.9 69.7±6.6 81.3±2.6 82.5±6.5 70.3±3.2  70.3±4.

2 

70.1±4.

2 

81.3±4.

2 

82.6±4.

2 

69.5±4.

2 

 ADFI/g 135.5±1

0.8 

127.4±10.

6 

147.2±5.8 149.2±3.3 128.9±6.

0 

 135.3±7

.7 

127.3±7

.7 

147.2±7

.7 

149.2±7

.7 

129.1±7

.7 

 F/G 1.9±0.2 1.8±0.1 1.8±0.1 1.8±0.1 1.8±0.0  1.9±0.1 1.8±0.1 1.8±0.1 1.8±0.1 1.7±0.1 

36~42 ADG/g 60.3±3.1 69.5±6.7 61.0±8.5 60.8±4.6 58.2±2.9  60.4±8.

0 

69.6±8.

0 

61.0±8.

0 

60.8±8.

0 

57.4±8.

0      

 ADFI/g 141.6±1

3.1 

140.5±11.

2 

136.8±16.

4 

134.0±21.

8 

129.5±5.

1 

 141.8±4

.9 

140.7±4

.9 

136.8±4

.9 

134.0±4

.9 

129.2±4

.9 

 F/G 2.4±0.1A

a 

2.0±0.1Bb 2.3±0.1AB

a 

2.3±0.1AB

a 

2.2±0.1A

Ba 

 2.4±0.1
Aa 

2.0±0.1
Bb 

2.3±0.1
ABa 

2.3±0.3
ABa 

2.1±0.1
ABa 

Note: In the same row, values with different  superscript lower case letters signal statiscally significant differences (P<0.05), while 

different capital letters signal even higher statistical significance (P<0.01); the same letter or no marked letters mean that there are 

not statistically significant differences (P>0.05). The adjusted data were analyze considering the initial weight (153.7 g) as covariate. 

 

samples were measured with a pH meter. Approximately 10 g 

of right breast muscle (mass M1) were placed in an inflatable 

Ziploc bag and air-suspended in a 4 °C refrigerator to ensure 

that the muscle fibers were aligned with gravity. After 48 

hours of suspension and after removal of all surface liquid 

with filter paper, the muscle sample was weighed again (mass 

M2).[14] Drip loss was calculated using the following formula: 

drip loss rate = (𝑀1 − 𝑀2)/𝑀1 × 100%. An empty culture 

dish was first weighed (mass W1), then 1.0 g of minced 

muscle (mass W2) was placed into the dish and dried in a 66 ℃ 

incubator. At 24 h, the culture dish and muscle sample were 

reweighed (mass W3). Dry matter content was calculated with 

the following formula: dry matter content = 1 − (𝑊1 +
𝑊2 − 𝑊3)/𝑊2 × 100% . According to a previously 

described method,[15] the left breast muscle was aged for 24 h 

at 4 °C, then a thermometer was inserted into its center. Next, 

the muscle sample was sealed in a Ziploc bag and placed in 

80 °C water for 30 to 40 min until the temperature in the center 

of the muscle reached 70 °C. Each sample was weighed twice 

to calculate its average weight and finally the average weight 

of all samples was recorded. Samples were removed from the 

water bath, allowed to cool down for 30 min, and cut with a 

scalpel along the muscle’s fibers into 2.5 cm × 0.5 cm × 0.5 

cm strips, with three strips per breast muscle sample. A meat 

shear blade was used to make cuts perpendicular to the 

direction of the muscle fibers. Each sample was weighed twice 

to calculate its average weight and finally the average weight 

of all three samples was recorded. Muscle samples of 

approximately 1.0 g and 1.0 cm thickness were obtained from 

the mid-section of the breast muscle and weighed (mass N1). 

Samples were wrapped in two layers of clean gauze padded 

with 18 layers of filter paper above and below and placed in a 

meat compressor at a pressure of 68.5 kPa for 5 min. The 

weight measured immediately after removal of the pressure 

was recorded as mass N2. The muscle water loss rate was 

calculated with the following formula: water loss rate =
(𝑁1 − 𝑁2)/𝑁1 × 100%. 

 

2.6 Data analysis 

This study was repeated twice with three samples per 

treatment per replication. Raw data were subjected to an 

ANOVA and the adjusted data were analyzed considering the 

initial weight as covariate by using the General Linear Model 

in SPSS 17.0. LSD (Least Significant Difference) was used to 

perform multiple comparisons and the results were expressed 

as the mean ± SEM. 𝑃 < 0.05 was considered significant.  

 

3. Results 

3.1 Effect of E. purpurea extract on broilers’ growth 

performance 

No significant difference (P > 0.05) was observed in ADG, 

ADFI and F/G between groups during the fourth week of our 

study. Compared with groups I and II, groups III, IV and V 

showed increased ADG and decreased F/G values on days 29 

to 35. During days 36 to 42, F/G values of groups III, IV and 

V were lower than those of group I but significantly higher 

than those of group II (P < 0.05). There were no significant 

differences (P > 0.05) in ADG and ADFI values between 

groups (Table 2). 

 

3.2 Effect of E. purpurea extract on broilers’ slaughter 

performance 
As shown in Table 3, the slaughter rates of 21-day-old broilers 

of groups III, IV and V were slightly higher than those of 

group I but did not differ from those of group II. Group IV had 

the highest half-evisceration yield rate while group V had the 

lowest. The half-evisceration yield rate of group V was lower 

than that of other groups (P < 0.05). The evisceration yield 

rate of group IV was greater than those of groups I and III (P 

< 0.05), and that of group V was the most significant (P <  
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Table 3 Effects of Echinacea extract on slaughter performance of broilers (%) 

 

Ages  

(day) 

 

Items 

Group (raw data ± S.D.)  Group (adjusted data ± S.E.) 

I II III IV V  I II III IV V 

21 Carcass 

yield 
92.8±0.5 93.3±0.7 93.6±0.7 93.1±0.8 

94.3±1.

0 

 92.9±0.6 93.3±0

.6 

93.6±0.6 93.1±0.

6 

94.3±0.

6 

 Half 

eviscerate 

yield 

80.6±1.7
A 

80.2±0.6
A 

80.1±0.9
A 

83.1±0.4
A 

76.3±0.

6B 

 80.6±0.7A 81.0±0

.7A 

80.1±0.7
A 

83.1±0.

7A 

76.3±0.

7B 

 Eviscerate 

yield  

62.9±1.9
ABb 

65.0±0.6
Aab 

63.0±1.0
ABb 

66.5±0.1
Aa 

59.8±0.

4Bc 

 62.9±0.6AB

b 

64.9±0

.6Aab 

63.0±0.6
ABb 

66.5±0.

6Aa 

59.9±0.

6Bc 

 Chest 

muscle 

16.3±1.1
ab 

16.6±0.3a

b 
17.6±1.2a 

16.6±1.0a

b 

15.3±0.

5b 

 16.3±0.4ab 16.7±0

.4ab 

17.6±0.4a 16.6±0.

4ab 

15.3±0.

4b 

 Thigh 

muscle 

13.2±1.6
b 

13.5±1.3b 16.3±0.3a 16.1±0.3a 
16.3±1.

1a 

 13.3±0.6b 13.5±0

.6b 

16.3±0.6a 16.1±0.

6a 

16.2±0.

6a 

 Abdominal 

fat 
4.9±1.0 3.9±0.5 4.1±0.5 4.0±0.4 3.3±0.3 

 4.9±0.4 3.9±0.

4 

4.1±0.4 4.0±0.4 3.2±0.4 

42 Carcass 

yield 
93.5±0.3 92.0±0.2 92.2±0.5 92.3±0.4 

93.7±0.

6 

 93.5±0.3 92.0±0

.3 

92.2±0.3 92.3±0.

3 

93.7±0.

3 

 Half 

eviscerate 

yield 

85.4±0.7
a 

82.1±0.8c 
83.0±0.4b

c 

83.9±0.9b

c 

84.7±0.

2ab 

 85.3±0.5a 82.1±0

.5c 

83.0±0.5b

c 

83.9±0.

5bc 

84.7±0.

5ab 

 Eviscerate 

yield  
71.1±0.8 70.5±0.9 70.5±0.8 71.8±0.6 

72.4±0.

5 

 71.1±0.5 70.5±0

.5 

70.5±0.5 71.8±0.

6 

72.3±0.

5 

 Chest 

muscle 

23.1±1.9
ABb 

20.9±0.2
Bb 

23.5±0.5
ABab 

26.0±0.6
Aa 

21.5±0.

3Bb 

 23.2±0.6AB

b 

21.0±0

.6Bb 

23.5±0.6
ABab 

26.0±0.

6Aa 

21.4±0.

6Bb 

 Thigh 

muscle 
17.7±1.0 15.8±0.1 16.2±0.5 15.7±0.5 

17.5±0.

8 

 17.7±0.4 15.8±0

.4 

16.2±0.4 15.7±0.

4 

17.5±0.

4 

 Abdominal 

fat 
3.9±0.2 3.8±0.5 4.1±0.4 4.0±0.6 4.0±0.3 

 3.9±0.2 3.8±0.

2 

4.1±0.2 4.0±0.2 3.9±0.2 

Note: In the same row, values with different superscript lower case letters signal statiscally significant differences (P<0.05), while 

different capital letters signal even higher statistical significance (P<0.01); the same letter or no marked letters mean that there are 

not statistically significant differences (P>0.05). The adjusted data were analyze considering the initial weight (153.7 g) as covariate. 

 

0.01). No difference (P > 0.05) was observed between group 

IV and group II. The evisceration yield rate of group V was 

significantly lower than that of group I or III (P < 0.05), while 

groups II and IV exhibited a highly significant decrease (P < 

0.01). The breast muscle percentage was significantly higher 

(P < 0.05) in group III than group V but not significantly 

different (P > 0.05) from the other three groups. Thigh muscle 

percentages of groups III, IV and V were significantly higher 

than those of groups I and II (P < 0.05). Abdominal fat 

percentage decreased with increasing doses of E. purpurea, 

and the effect in group IV was similar to that in group II.  

At 42 days of age, abdominal fat percentages had 

decreased and slaughter rates, half-evisceration yield and 

evisceration yield rates as well as thigh muscle percentages 

increased with increasing doses of E. purpurea. However, 

these differences were not statistically significant compared 

with those in groups I and II (P > 0.05). Breast muscle 
percentages in group IV were significantly greater than those 

in group I (P < 0.05) and the difference was even more highly 

significant relative to groups II and V (P < 0.01). These results 

suggest that a positive effect of E. purpurea extract on 

slaughter performance was observed in groups III and IV. 

 

3.3 Effect of E. purpurea extract on meat quality 

Different doses of E. purpurea extract enhanced breast and 

thigh muscle L*, increased shear force and pH values, and 

reduced water loss and drip loss rates (Table 4) (all at 𝑃 <
0.05 ) . In breast muscle, L* of group V was significantly 

greater (P < 0.05) than that of groups I and II, and a* of group 

V was highly significantly greater (P < 0.05) than that of other 

groups. In thigh muscle, L* of groups III, IV and V were 

statistically significantly different (P < 0.05) from group II. 

Our results indicate that E. purpurea extract might improve 

meat quality during the early development of broilers, and this 

effect was most significant (P < 0.05) in group IV. However, 

hue values are no difference among all tested groups.  

E. purpurea had the effect of improving (P < 0.05) meat 

quality in 42-day-old broilers (Table 5). Breast muscle L* in 
group V was lower (P < 0.05) than in groups II. Breast muscle 

b* in group V was significantly lower (P < 0.05) than in 

groups II, III and IV. No significant differences (P > 0.05) 

were observed in L* of thigh muscle between groups III, IV  
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Table 4 Effects of Echinacea extract on meat quality of 21-day-old broilers 

Items 
Groups 

I II III IV V 

Chest muscle L* 48.82±0.34b 49.05±1.12b 51.20±0.78 ab 49.08±0.78ab 51.95±1.06a 

a* 4.22±0.73Bb 4.85±1.11ABb 4.72±0.47ABb 4.01±0.27Bb 6.54±0.34Aa 

b* 16.85±0.22 18.13±0.53 15.04±0.75 15.59±1.44 17.27±1.32 

 Hue 32.75±0.50 32.37±0.62 30.50±0.68 32.36±0.75 28.88±0.56 

Thigh muscle L* 52.84±1.35ab 50.44±0.87b 54.00±1.05a 53.90±0.66a 53.91±1.54a 

a* 10.27±0.64 10.70±1.85 8.26±1.22 9.5±0.93 10.01±1.08 

b* 18.47±1.62 19.76±1.35 20.35±0.56 18.67±0.97 20.82±1.60 

 Hue 24.42±1.02 24.94±1.25 25.41±1.72 25.56±0.92 26.47±1.32 

Dry matter/% 20.37±0.58 20.09±0.28 20.09±0.46 20.06±0.62 20.61±0.63 

Shear force 12.93±1.02 17.51±1.86 14.48±1.56 15.41±1.46 17.84±3.89 

Water loss rate/% 51.63±4.88 54.38±1.05 50.16±1.78 49.18±2.53 47.50±2.07 

Drip loss rate/% 3.03±0.15 2.81±0.09 2.91±0.15 2.87±0.13 2.92±0.18 

pH value 5.83±0.18 5.99±0.17 5.86±0.18 5.95±0.10 5.95±0.19 

In the same row, values with different  superscript lower case letters signal statiscally significant differences (P<0.05), while 

different capital letters signal even higher statistical significance (P<0.01); the same letter or no marked letters mean that there are 

not statistically significant differences (P>0.05).  

 

Table 5 Effects of Echinacea extract on meat quality of 42-day-old broilers 

In the same row, values with different  superscript lower case letters signal statiscally significant differences (P<0.05), while 

different capital letters signal even higher statistical significance (P<0.01);  the same letter or no marked letters mean that there are 

not statistically significant differences (P>0.05).  

 

and V, while a* of groups III and IV was significantly different 

(P < 0.05) compared with group V (P < 0.05). Thigh muscle 

b* was slightly increased (P > 0.05) in groups IV and V. Like 

the 21-day-old samples, hue values are no difference among 

all tested groups. 

The dry matter contents of groups III, IV and V were higher 

(P < 0.05) than in group I, and the difference between group 

IV and I was statistically significant (P < 0.05). Compared 

with groups I and II, the shear forces of groups IV and V were 

slightly reduced (P > 0.05), and the water loss rates of groups 

III, IV and V were decreased (P < 0.05). Compared to group I, 

the drip loss rates of group II and IV were highly significantly 

(P < 0.01) and significantly (P < 0.05) reduced, respectively. 

Group V had a higher (P < 0.05) drip loss rate compared with 

group II (P < 0.01) and group IV. No differences (P > 0.05) 

were observed in pH among groups. These results demonstrate 

that supplementation of water with 200 mg/L E. purpurea was 

best for improving the meat quality of broilers during their late 

development. 

 

Items 

Groups 

I II III IV V 

Chest muscle L* 47.60±0.71ab 49.65±1.49a 47.73±1.09ab 48.37±0.68ab 46.24±0.97b 

a* 4.06±0.60 5.31±0.47 5.51±0.45 4.11±0.31 3.93±0.42 

b* 11.48±0.68ab 13.17±0.81a 12.69±0.62a 12.66±0.98a 10.69±0.56b 

 Hue 29.00±0.64 27.81±0.62 26.98±0.52 28.96±0.83 28.54±0.59 

Thigh muscle L* 55.02±1.11a 49.55±1.81b 50.89±2.10ab 51.11±1.57ab 52.28±2.14ab 

a* 6.29±0.73ab 5.34±0.60ab 5.24±0.74b 5.23±0.37b 7.27±0.68a 

b* 14.84±0.47 13.45±0.77 14.09±0.98 15.14±0.93 15.83±0.67 

 Hue 27.32±0.68 27.88±0.82 28.64±0.78 28.50±0.98 27.51±0.62 

Dry matter/% 26.17±1.05b 27.39±0.52ab 26.60±0.22ab 29.73±2.48a 26.97±0.48ab 

Shear force 14.57±0.92 15.07±1.15 14.62±0.57 13.52±0.40 13.95±0.74 

Water loss rate/% 38.58±5.14 39.41±2.06 37.75±4.12 37.32±3.36 37.11±3.89 

Drip loss rate/% 2.89±0.29Aa 1.43±0.02Bb 2.15±0.36ABab 1.86±0.06ABb 2.81±0.29Aa 

pH value 5.69±0.13 5.68±0.24 5.82±0.16 5.71±0.18 5.55±0.18 
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4. Discussion 

4.1 Effect of E. purpurea extract on broilers’ growth 

performance 

Several recent studies reported effects on broilers performance 

where treatment of plant extract was evaluated in drinking 

water. Hernàndez-Coronado et al. reported that feeding 

oregano essential oils from Lippia berlandieri Schauer in 

Ross-308 broilers for 20 days resulted in lower (P < 0.05) feed 

and water intake but similar (P > 0.05) weight gain compared 

to the controls.[16] Adaszyńska-Skwirzyńska and 

Szczerbińska[17] found that feeding Ross-308 broilers with 

drinking water containing natural lavender essential oil 

resulting averaged 6.35% more of the weight compared to the 

control (P < 0.01) and positively affected weight gains and 

feed conversion ratios (P < 0.01) from days 22 to 24. Another 

study[18] concluded that including 90 mL/L of Aqueous 

Moringa oleifera leaf extract in the drinking water reduced the 

feed intake by 12.83% and improved feed conversion 

efficiency by 9.11% in broiler chicken. Shokraneh et al. found 

that supplementation of 0.5% and 0.75% Aloe vera gel into 

drinking water significantly improved (P < 0.05) feed-to-gain 

ratio of broilers during the entire experimental period than the 

controls.[19] Our study found that E. purpurea had a weak 

growth-promoting effect during early development and 

improved quality during late development. The supplement 

may enhance broilers’ ADG and reduce F/G, in accordance 

with previously reports.[20-21] The findings of Lee et al. agree 

with the present study and showed that the addition of E. 
purpurea to broilers feed can increase the feed conversion 

ratio.[11] The growth-promoting effect of E. purpurea and 

increased feed conversion ratio may be associated with the 

proliferation of the gut flora, the metabolism of active 

components of polysaccharides and the enhancement of 

antioxidant activity.[22-24] In the current study, different doses 

of E. purpurea had distinct effects on growth performance of 

broilers. The growth-promoting effect was mediated best by 

low doses, whereas high doses were optimal for increasing the 

feed conversion ratio. There are several reports on the effect 

of APS on the growth performance of broilers.[25-26] APS was 

used as a control in the present study and E. purpurea had a 

better growth-promoting effect than APS in 29- to 35-day-old 

broilers, but APS had a greater effect in 36- to 42-day-old 

broilers, indicating that the application period of E. purpurea 

as a feed additive needs to be extended. Water supplemented 

with 200 mg/L E. purpurea had a better effect on growth 

performance as indicated by ADG and F/G.  

 

4.2 E. purpurea extract on broilers’ slaughter variables 

Effects exerted by distinct doses of E. purpurea on broilers’ 

slaughter performance varied during different development 

phases. The present study showed that the addition of 200 mg 

E. purpurea significantly enhanced slaughter performance, 

whereas supplementation with 100 mg E. purpurea had a 

minimal positive effect. The half-evisceration yield and 
evisceration yield rates were significantly reduced in 21-day-

old old broilers receiving 600 mg E. purpurea, while the 

evisceration yield rate was increased in 42-day-old broilers. E. 
purpurea enhancement of broilers’ slaughter performance may 

be due to protection of intestinal epithelial cells,[27] increased 

alkaline phosphatase activity, enhanced antioxidant capacity, 

boosted protein metabolism, and augmented conversion and 

absorption of nutrients; [11] however, further studies are  

required to understand the precise mechanism. In addition, our 

results indicate that during early development of broilers E. 

purpurea extract mainly promotes thigh muscle growth and 

reduces abdominal fat percentage, while promoting breast 

muscle growth during late development, especially when 

supplemented at a dose of 200 mg/L. Skomorucha et al. 
reported that the supplementation of drinking water with the 2 

mL/L mixed herb improved the muscle antioxidant status 

(higher superoxide dismutase, catalase and reduced 

glutathione content) and reduced lipid peroxidation in the leg 

muscles of the broilers with lower level of malondialdehyde.[28] 

 

4.3 Effect of E. purpurea extract on broilers’ meat quality 

The use of plant extracts in drinking water to improve meat 

quality of broilers has been well documented in the study of 

Hernàndez-Coronado et al., who found that oregano essential 

oils from Poliomintha longiflora Gray presented the highest 

values (P < 0.05) for breast-meat redness, shear force, odor, 

taste, and overall sensory acceptability after applied in 

drinking water for 40 days.[16] There are few reports regarding 

the effect of E. purpurea extract on broilers’ meat quality. In 

the present study E. purpurea not only improved muscle color 

but also mediated additional modulatory effects. The L* value 

indicates muscle brightness and is positively correlated with 

the drip loss rate, while the a* value is determined by changing 

concentrations of muscle myoglobin and hemoglobin, and the 

b* value reflects fat deposition between muscles.[29-31] Our 

study observed that E. purpurea extract may increase L* of 

breast and thigh muscles in 21-day-old broilers. Addition of 

100 mg and 200 mg E. purpurea extract to drinking water 

enhanced breast muscle L*, a* and b*, and reduced thigh 

muscle L* and a* as measured after 42 days, while 600 mg E. 
purpurea (no side-effects) significantly reduced breast muscle 

L* and b* and increased thigh muscle a*. Therefore, based on 

muscle color indicators, E. purpurea extract may promote the 

rapid growth of muscle fibers during early chick development, 

thus yielding an increased muscle fiber diameter and reduced 

tenderness, which was best noted after water supplementation 

with 600 mg/L E. purpurea. However, during the later phase 

of development, high doses of E. purpurea showed a poor 

effect on muscle color; this may be because the modulatory 

effect only occurs within a certain dosage range, and high 

doses may lead to side effects.[26] As a result, feed 

supplemented with 200 mg E. purpurea extract was better for 

improving muscle color. 

Total nutrient concentration in muscle increases with 

increased dry matter content. We demonstrated that 

supplementation with 200 mg E. purpurea extract 

significantly increased dry matter content during the later 

phase of broiler development. Water loss rates represent the 
ability of muscle proteins to retain water, and higher water loss 

rates correspond to lower water retention and tougher muscles. 

Hence, E. purpurea extract enhanced muscle tenderness by 

reducing water loss. Although it has been shown that APS can 
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reduce drip loss rates,[26] we have observed that the drip loss-

reducing effect of 200 mg E. purpurea extract was 

approximately the same. The ability of E. purpurea to reduce 

drip loss rates may be mediated by its antioxidants, such as 

chicoric acid, which may not only inhibit hyaluronidase and 

decrease the concentration of free radicals but also affects 

enzyme activity such as bromelain in tissue membranes, 

enhances cell membrane integrity and decreases membrane 

permeability, resulting in lowered water loss and drip loss 

rates.[10, 32] A previous study by Feng et al. reported that the 

strip-like structure of myofibril in golden pomfrets 

(Trachinotus blochii) was considerably degraded by 

bromelain and the granulation of protein after 20 min of 

reaction to improve the meat tenderness.[33] They also reported 

that bromelain reduced the hardness, chewiness and gel 

strength significantly but increased the resilience of golden 

pomfret fish balls.[34] Furthermore, an increased pH might also 

result in an enhanced water holding capacity and a reduced 

drip loss rate, and this may explain how E. purpurea was able 

to significantly reduce water loss rates. In summary, 200 mg 

E. purpurea best enhanced muscle tenderness and nutrient 

concentration, but further studies will be required to 

understand its mechanism and the essential relationships 

between the uptake of Echinacea purpurea extract and 

chemical components of broiler meat muscle protein that has 

certain properties to improve meat quality.  

 

5. Conclusions 
Results of this study indicate that 200 mg of E. purpurea 

extract could be added as a feed supplement in drinking water 

during broiler production to improve the growth development 

and meat quality of broilers by enhancing average-daily-gain 

and evisceration-yield rates, reducing feed-to-gain ratios, 

increasing redness and decreasing drop loss of broiler muscles. 

This is the first study to evaluate the effect of E. purpurea in 

drinking water on growth performance and meat quality in 

broilers.  

 

6. Limitations and Future Plan of the Current Study 
Based on the results of the current study, our future related 

studies will address 1) the understanding of the chemical 

structure of main components of the Echinacea purpurea 

extract; 2) investigate the effects of monomeric compounds on 

meat quality; and 3) use the metabolomics approach to 

understand the residual metabolic components and potential 

chemical structural changes in the different parts of the meat 

including muscle protein, fiber, and lipids. We will also 

include pictures of broiler meat samples from each treatment 

and their corresponding histograms.  
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