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Abstract
This experiment was conducted to investigate the effect of Cordyceps militaris with probiotics 
(CMP) supplementation on the growth performance, meat quality and storage characteristics, 
and cordycepin content in the meat. Sixty one-day-old broilers (Ross 308) were allotted to two 
treatment groups of 30 each. In addition, six broilers were randomly assigned to a cage in the 
two treatment groups. The two dietary treatments were as follows: Control (CON) and basal 
diet + 0.5% of CMP. Body weight and feed intake were measured on the 1st, 14th, and 28th 
days from the start of the experiment. On days 1 - 14, the supplementation of CMP improved 
(p < 0.05) the body weight gain (BWG) and feed conversion ratio (FCR). Additionally, the 
feed intake (FI) and FCR scores in the CMP groups improved (p < 0.01) compared to the CON 
during the entire period. For the meat quality characteristics, water holding capacity (WHC), 
cooking loss (CL), redness (a*) in meat color value, and shearing force (SF) for the CMP group 
were improved (p < 0.01) compared to the CON group. For the meat storage characteristics, 
pH and thiobarbituric acid reactive substances (TBARS) were improved (p < 0.01) when the 
broilers were fed CMP compared to the CON group. Broilers fed CMP had a higher (p < 0.01) 
cordycepin content in the meat compared to the CON group. In conclusion, CMP improves 
the growth performance and meat quality of broilers.
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Introduction
Herbal feed additives in broilers feed have been reported to have beneficial non-nutrient roles 

such as pH, growth, and metabolic modifier (Hashemi and Davoodi, 2010). Cordyceps militarys 

is a type of mushroom that grows parasitically in the body of insects in winter and grows like grass 

as a host in summer. It contains carbohydrates, protein, essential fats, iron, vitamin A, vitamin C, 

and B12, cordycepin, and ergosterol, a precursor of vitamin D (Ohmori et al., 1989; Shimizu, 1997; 
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Shim et al., 2000; Choi et al., 2004; Koo and Lee, 2004). Cordyceps militaris is known to have numerous pharmacological 

and therapeutic effects, and has been prescribed for a long time in oriental medicine for the treatment of weakness, chronic 

bronchitis, asthma, tuberculosis, and anemia (Zhu and Liu, 1992; Yong-Lu et al., 1997; Jeong and Choi, 2015). It has also 

been reported to have antibacterial, immune function enhancement, and anticancer effects (Ying, 1987; Kuo et al., 1996; Lin 

et al., 1999). For instance, Joshi et al. (2019) reported that Cordyceps militaris extract had antibacterial effects against E.coli 
and S.aureus. Cordycepin (3’-deoxyadenosine) which is isolated from Cordyceps militaris, is a novel metabolite (Park et 

al., 2005; Cheng et al., 2016) that have been reported to inhibit cancer cells such as prostate cancer, colon cancer, and liver 

cancer by activating reduced immune function while being involved in the genetic information of cells (Wang et al., 2005; 

Lee et al., 2013a; 2013b), have antibiotic, anti-inflammatory and antioxidant effects (Won and Park, 2005; Lee et al., 2006). 

These outstanding biological and pharmacological has seen its listing as a physiologically active substance in the second 

class by the Ministry of Food and Drug Safety, Korea. Interestingly, Cordyceps militaris has been reported to have a similar 

positive effect on poultry, pigs, and cattle. The addition of Cordyceps militaris to the weaning piglets feeds improved growth 

performance and intestinal environment (Boontiam et al., 2020). Han et al. (2015) reported that fermentation products of 

Cordyceps militaris had a positive effect on growth in a broiler. In addition, Cordyceps militaris has shown positive effects 

in Nile tilapia (Van Doan et al., 2017). However, there are limited studies on the antioxidant and antibacterial effects of 

Cordyceps in animals. Therefore, this study was conducted to investigate the effect of Cordyceps militaris, as a feed additive, 

on broiler growth performance, meat quality, and storage characteristics. In addition, we investigated cordycepin content in 

the broilers’ breast meat and to confirm the possibility of producing functional chicken meat containing cordycepin.

Materials and Methods
The experimental protocol of this study was approved by the Institutional Animal Care and Use Committee of Chungbuk 

National University, Cheongju, Korea (CBNUA-1477-20-02).

Cordyceps militaris with probiotics (multi-species probiotics, cordyceps militaris)

The manufacturing method of Cordyceps militaris with probiotics (CMP), probiotics are inoculated into the sterilized 

medium and red ginseng meal raw materials by expanding soybean meal and corn at 130℃, and the whole is secondarily 

fermented for more than 50 hours. After that, it was dried at low temperature to add cordyceps militaris. CMP contains 

multi-species probiotics of Bacillus subtilis, Aspergillus oryzae, Saccharomyces cerevisiae, Lactobacillus acidophillus, and 

Streptococcus thermophilus.

Animals and experimental design

At the start of the test, the one-day-old broilers body weight was 42.1 ± 0.1 g, and it was performed for 4 weeks. The test 

design was divided into 1) CON (basal diet), 2) CMP (CON + cordyceps militaris with probiotics). Based on the initial body 

weight, and a total of 60 broilers (Ross 308) were randomly placed at 5 per treatment group with 6 per cage. The basal diet 

was formulated based on the NRC (1994) requirements for poultry. Compositions of basal diets are shown in Table 1 that 

was based on the basal diet composition table of Oh et al. (2020). The feed was fed freely, and the water was adjusted so that 

it could be eaten freely using automatic water supply.
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Table 1. Compositions of basal diets (as-fed-basis)x.

Ingredient (%) 
Content

Phase 1 (0 - 2 week) Phase 2 (2 - 4 week)
Corn 46.16 57.75
Soybean meal, 48% CP 36.04 28.00
Wheat 10.00 10.00
Wheat bran 4.50 -
Corn gluten meal, 60% CP - 0.80
L-lysine - 0.140
DL-methionine 0.20 0.21
Choline chloride 0.20 0.20
Limestone 1.00 1.00
Dicalcium phosphate 1.50 1.50
Salt 0.20 0.20
Vitamin premixy 0.10 0.10
Mineral premixz 0.10 0.10
Calculated composition 

ME (Kcal·kg-1) 3,220 3,283
CP (%) 23.00 20.04
Lysine (%) 1.275 1.151
Methionine (%) 0.55 0.527
Ca (%) 0.80 0.80
P (%) 0.64 0.64

CP, crude protein; ME, metabolizable energy. 
x Based on the basal diet composition table of Oh et al. (2020).
y Contained per kg of diet: Vit A, 12,000 IU; vit D3, 2,500 IU; vit E, 25 mg; vit K3, 0.7 mg; thiamine, 1 mg; riboflavin, 12 mg; pyridoxine, 2 
mg; vit B12, 0.03 mg; niacin, 35 mg; Ca-pantothenate, 10 mg; folic, 0.5 mg; biotin, 0.085 mg; ethoxyquin, 1,700 mg.
z Contained per mg per kg of diet: Fe, 35 mg; Zn, 60 mg; Mn, 85 mg; Cu, 70 mg; I, 1.6 mg; Se, 0.1 mg.

Sample analysis and measurements

The body weight gain (BWG) was calculated by measuring body weight for each individual on the 1st, 14th, and 28th 

day of the experiment. Feed intake (FI) was calculated by excluding the remaining amount from the feeding amount when 

measuring body weight, and the feed conversion ratio (FCR) was calculated by dividing the BWG by the FI. Water holding 

capacity (WHC) was analyzed according to the method of Laakkonen et al. (1970). Drip loss (DL) was measured as the 

weight ratio (%) of the initial sample by measuring the DL generated while shaping a 2 cm thick breast in a circular shape, 

putting it in a polypropylene bag, vacuum-packing it, and storing it in a refrigerator at 4℃ for 24 hours. Cooking loss (CL) 

was calculated by measuring the weight after shaping a 3 cm thick chicken breast into a circular shape, heating it to a core 

temperature of 70℃ in a hot water heater, allowing it to cool for 30 minutes. The meat color was measured with a spectro 

colormeter (Model JX-777, Color Techno. System Co., Tokyo, Japan) standardized with a white plate (lightness; L*, 94.04; 

redness; a*, 0.13; yellowness; b*,-0.51). At this time, a white fluorescent lamp (D65) was used as the light source. Shearing 

force (SF) was subjected to a shear force cutting test using a Rheometer (Compac-100, Sun Scientific co., Tokyo, Japan). The 

program used was R.D.S (Rheology Data System) Ver 2.01 (Sun Scientific Co., Tokyo, Japan). The pH was homogenized 

using a homogenizer (Bihon seiki, Ace, Osaka, Japan) and then measured with a pH meter (Mteeler Delta 340, Mettler-

tolede, Ltd., Cambridge, UK). Thiobarbituric acid reactive substances (TBARS) was measured by the 2-thiobarbituric acid 
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(TBA) value according to the extraction method of Witte et al. (1970). The cordycepin content in the meat is degreased to 

extract the cordycepin contained in the chicken meat, then put 1 g of a sample into a glass container with a stopper, pour 

100 mL of distilled water for high performance liquid chromatography (HPLC), and shake well to mix evenly. After that, 

the mixture was extracted with stirring at a speed of 90 rpm for 12 hours in a shaking water bath at 90℃. After cooling the 

extracted sample at room temperature, it was filtered using a filter paper, and 50 mL of the filtrate was put in an erlenmeyer 

flask, and 100 mL of acetone for HPLC was well mixed and shaken, and then cooled at 4℃ for 12 hours and filtered. The 

filtered sample was concentrated under reduced pressure to obtain a dried product, dissolved in 5 mL of HPLC water, filtered 

through a 0.45 µm membrane filter, and subjected to HPLC analysis.

Statistical analysis

All data were determined differences among means were Separated with repeated t-test using the least squares means 

procedure of SAS (SAS Institute, Cary, NC, USA). All statistical analysis differences were taken to be significant at p < 0.05, 

and p < 0.01 were considered near significant.

Results

Growth performance

Table 2 shows the effect of addition of CMP in broiler feed for a total of 28 days on the growth performance of broilers. 

At the end of the experiment, the CMP treatment showed significantly (p < 0.05) higher body weight than the control group. 

The CMP treatment showed significantly higher (p < 0.05) BWG than the control group on the entire period. The FI and 

FCR were significantly lower (p < 0.05) in the CMP treatment group than in the control group. The FCR tended to decrease (p 

= 0.038) with the addition of CMP over the entire period (1 - 28 d).

Meat quality characteristics

Table 3 shows the effect of the addition of CMP in feed on meat quality characteristics in broiler. At the end of the 

experiment, there was no significant difference (p > 0.05) on water content and DL in breast meat among treatment groups. 

In WHC, CMP treatment showed significantly higher results (p < 0.05). In CL, the CMP treatment showed significantly the 

lowest results (p < 0.05). In meat color, L* value, b* value did not show a significant difference between treatment groups 

(p > 0.05), but a* value was significantly lower in the CMP treatment group (p < 0.05) than the control group. The SF was 

significantly higher (p < 0.05) in the CMP treatment than the control group.

Meat quality storage characteristics

Table 4 shows the effect of the addition of CMP in feed on the storage properties of meat quality in broilers. The pH was 

significantly increased (p < 0.05) in CMP treatment compared to the control group. TBARS, which measures the degree of 

rancidity of fat, showed the lowest value in the CMP treatment compared to the control group (p < 0.05).
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Table 2. Effect of supplementation CMP on growth performance in broiler.
Item CON CMP SE p-value
BW (g)

Initial 42.2 42.2   0.3 0.406
14 day 390b 400a   3 0.042
Final 1,211 1,232 17 0.032

BWG (g)
1 - 14 day 349b 358a   3 0.021
15 - 28 day 820 832 15 0.032
1 - 28 day 1,169 1,190 17 0.001

FI (g)
1 - 14 day 388a 382b   1 < 0.0048
15 - 28 day 1,268 1,254   7 0.010
1 - 28 day 1,656 1,637   7 0.008

FCR (g·g-1)
1 - 14 day 1.112a 1.069b 0.008 0.001
15 - 28 day 1.555 1.512 0.026 0.030
1 - 28 day 1.421 1.378 0.018 0.038

CON, basal diet; CMP, basal diet + 0.5% Cordyceps militaris with Probiotics supplement; SE, standard errors; BW, body weight; BWG, body 
weight gain; FI, feed intake; FCR, feed conversion ratio.
a, b: Means in the same row with different superscripts differ (p < 0.05).

Table 3. Effect of CMP on meat quality characteristics of chicken breast from broiler.
Item CON CMP SE p-value
Water content (%) 75.58 75.40 0.22 0.791
Water holding capacity (%) 54.21b 62.81a 0.56 < 0.001
Drip loss (%)   3.05   3.04 0.13 0.885
Cooking loss (%) 15.28a 13.71b 0.40 < 0.001
Hunter color

L* 50.01 49.64 0.81 0.612
a* 5.25a 4.90b 0.35 < 0.001
b* 9.48 9.32 0.44 0.700

Shearing force (g) 1,523b 2,101a 48 < 0.001
CON, basal diet; CMP, basal diet + 0.5% Cordyceps militaris with probiotics supplement; SE, standard errors; L*, lightness; a*, redness; b*, 
yellowness. 
a, b: Means in the same row with different superscripts differ (p < 0.05).

Table 4. Effect of CMP on storage characteristics of chicken breast from broiler.
Item CON CMP SE p-value
pH 5.82b 5.88a 0.01 0.04
TBARS (mg MA·kg-1) 0.27a 0.13b 0.01 < 0.002
CON, basal diet; CMP, basal diet + 0.5% Cordyceps militaris with probiotics supplement; SE, standard errors; TBARS, thiobarbituric acid 
reactive substances; MA, malondialdehyde.
a, b: Means in the same row with different superscripts differ (p < 0.05).
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Cordycepin content in meat

Table 5 shows the effect of the addition of CMP in feed on the content of cordycepin in meat for broilers. The cordycepin 

content was significantly increased (p < 0.05) in the CMP treatment compared to the control group.

Discussion

Growth performance

In this study, when CMP was added to the broiler feed, the FI decreased on the entire period, thereby improving FCR. 

These results were in agreement with those of Park (2011a) in which the addition of Cordyceps with fly pupa significantly 

increased BWG and FI in broilers (Park, 2011a). Similarly, Kang et al. (2003) reported that when 5% of feed was replaced by 

fermented Cordyceps takaomontana, the weight gain and feeding efficiency of starting broilers were significantly increased. 

The improved growth performance is attributed to cordycepin, ergosterol, and polysaccharides, which are physiologically 

active substances of Cordyceps that improve the broilers intestinal environment through improving the immunity, antioxidant 

and antimicrobial activities, and promote the growth of beneficial bacteria in the appendix of broilers (Lee, 1981; Furuya et 

al., 1983; Lin et al., 1999; Kwon, 2007; Park, 2011a). In addition, cordycepin in Cordyceps plays an important role in the 

early growth by enhancing the broilers’ immunity (Kang et al., 2003). However, Kang et al. (2003) reported that replacing 

20% of feed with Cordyceps fermented yarns significantly decreased the rate of weight gain in the finishing broilers, and the 

feed efficiency increased significantly in the group 10% replacement than those with 5% and 20% replacement (Kang et al., 

2003). 20% of feed was replaced with fermented Cordyceps militaris, FI was significantly reduced, resulting in a decrease in 

BWG. Together, this study and previous studies’ findings, demonstrate Cordyceps militaris to be more effective in the starting 

than in the finishing broiler period.

The meat WHC refers to the ability to retain moisture when an external physical force such as cutting or heat treatment is 

applied. It affects the softness, texture, color, and meat juiciness of the meat, and increases with protein structure change and 

ionic strength (Wu and Smith, 1987; Choi et al., 2009). In addition, meat color plays an important in judging the meat quality, 

while the lightness (L*) value is important in white muscle quality and is related to the DL and pH (Park, 2011b). Similar to a 

previous study, in this study, the water content and WHC were significantly higher after treatment with 0.5% of CMP, and the 

meat color showed significant changes, but all the values were within the normal range (Kralik et al., 2014). These findings 

were also in agreement with a report by Park (2011b), where 2.0% of Cordyceps with fly pupa was added in broiler feed, and 

as a result, the moisture content and WHC of broiler breast meat increased, but there was no significant effect on the meat 

color.

Table 5. Effect of CMP on the composition of cordycepin in the breast from broiler.
Item CON CMP SE p-value
Cordycepin (mg·kg-1) 13.43b 14.22a 0.10 < 0.0001
CON, basal diet; CMP, basal diet + 0.5% Cordyceps militaris with probiotics supplement; SE, standard errors.
a, b: Means in the same row with different superscripts differ (p < 0.05).
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The storage loss refers to the submerged material generated by the formation of gaps in the muscle fibers over time after 

slaughter, and it is affected by pH changes; when the pH decreases, the storage loss tends to decrease (Froning et al., 1978; 

Barbut, 1993; Northcutt et al., 1994). In this test, since the pH value was within the normal range, it is estimated that there 

was no significant difference in the storage loss between treatment intervals.

Regardless of the heating method, when the meat is heated, the meat WHC decreases due to the contraction of the muscle 

fibers and shortening of the root excision, resulting in a low heating content (Cho et al., 2008). Also, as the storage period 

increases, the meat SF decreases as the softness increases, and the SF decreases increases with increase in the enzymes in the 

muscle, and enzymes from microorganisms; this is attributed to the increase of non-protein nitrogen compounds (Khan and 

Van den Berg, 1964). In the present study, the CL and SF were significantly improved with the addition of CMP, but there 

was no significant effect on DL. This improvement in meat quality is attributed to the enhanced immune, antioxidant, anti-

inflammatory, and antibacterial effects of the cordycepin. However, more precise studies are needed because previous studies 

on storage loss, CL, and SF are insufficient.

Meat quality storage characteristics

The pH value is an important indicator of meat quality because it is closely related to the x meat quality aspects such as WHC 

and SF. According to Karaoglu et al. (2004), 1 g·kg-1 probiotic treatment in broilers showed the lowest pH value than a basal 

diet and 2 g·kg-1 probiotic. On the other hand, some studies reported increased pH values in broilers on a diet supplemented with 

probiotics (Aksu et al., 2005). In general, after slaughter, the pH in the muscle drops from pH 7.0 to 5.4 - 6.0 within 24 hours 

(Penny, 1977). On contrary, in a previous study, there was no significant difference in pH between the treatment groups when 

Cordyceps with fly pupa was added to broiler feed (Park, 2011b). Similarly, in the present study, all pH values are within the 

normal range. This indicates that the addition of the emulsifier did not have a significant effect on the pH.

Meat TBARS is an index indicating the degree of lipid oxidation, and it increases as lipids are decomposed by lipolytic 

enzymes and microbial metabolism, thereby lowering the quality of meat (Brewer et al., 1992; Raharjo and Sofos, 1993). In 

previous studies, the addition of Cordyceps with fly pupa in broiler feed significantly reduced the meat TBARS value meat 

quality, which was similar to the results of this study. The low TBARS value is believed to be a result of the antioxidative 

and antibacterial activity of the Cordyceps with fly pupa (Park, 2011b). Also, according to Aksu et al. (2005) report, lower 

TBARS values were reported in broilers on a diet supplemented with probiotics. However, it did not affect TBARS in pigs 

fed with probiotics. When the TBARS value of the meat is less than 0.2 mg malondialdehyde (MA)·kg-1, it is fresh while the 

value is above 4.0 mg MA·kg-1 is considered as rancidity (Brewer et al., 1992). In this study, all the values were within the 

normal range, although the addition of CMP had resulted in a significant difference in the TBARS values, and therefore the 

effect was thought to be insignificant.

Cordycepin content in meat

In this study, the addition of CMP to broiler feed significantly increased the cordycepin content of the breast meat. 

According to previous studies, the content of cordycepin in the breast and leg meat of broilers fed with Cordyceps 
takaomontana strain inoculation was twice as high as that of the controls (Kang et al., 2003). However, this study showed 

contrary results. This could be because, in the case of the previous study, a strain of Cordyceps takaomontana was inoculated 

into feed and fed to broilers, while in this study, a probiotic containing CMP was added to the feed; the difference in the CMP 
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forms or amounts of the active ingredient could have resulted in different effects on the broilers. In addition, since Cordyceps 
militaris contain a high percentage of cordycepin, it is believed that the cordycepin is absorbed in the broilers body after 

ingesting Cordyceps and remains in the chicken meat. Similarly, according to Kang et al. (2003), an experiment which was 

conducted in an enclosed space, Paecilo-myces japonica was transmitted through airborne transmission in a CON feed 

experiment. This suggested that there is a high content of cordycepin in the CON. Since this study investigated the content of 

cordycepin in 0.5% of CMP only, more studies on the optimal amount of cordycepin feed additive are needed.

Conclusion
In this test, the addition of CMP in broiler feed improved the growth performance of broiler chickens and showed the effect 

of improving the WHC, CL and SF of chicken meat. Also, it improved the storage ability by reducing TBARS and showed 

the effect of increasing the content of cordycepin in the muscle of broiler chicken. Through this, the possibility of producing 

functional chicken meat containing cordycepin was confirmed, and the addition of CMP is thought to have a positive 

economic effect on broiler growth performance and meat quality.
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