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1. INTRODUCTION 10 

The polyhydric fungi is a kind of fungi belonging to the hymenomycetes that has important 11 

economic value[1]. The fungi metabolites are diverse in structure. polysaccharides[2], 12 

terpenoids[3], steroid, alkaloids, benzoquinones and organic acids[4] are all included. These 13 

metabolites often play a role in anti-tumor, anti-inflammatory, antiviral and other biological 14 

activities [5-6]. Therefore, the medicinal and edible fungi that can be used in medical care and 15 

health care which have been widely concerned, such as Ganoderma lucidum, Wolfiporia cocos 16 

and Polyporus umbellatus. 17 

Abstract 
Aims: To evaluate the antioxidant and antibacterial activity of two kinds of Polyporaceae 
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Methodology: Extracting the powder of two mushrooms by soxler extraction method. The 

above extract were sequentially extracted with petroleum ether, ethyl acetate, n-butanol 

and distilled water. The antioxidant activity of different solvent extracts was investigated by 
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Results: The antioxidant activity of each solvent extraction of the two mushrooms showed 

clear dose-effect relationship and the ethyl acetate and n-butanol extract from Coriolus 

versicolor had stronger antioxidant activity. However, there was no obvious antibacterial 

effect of these two mushrooms. The results of GC-MS analysis showed that there were 27 

compounds in petroleum ether extraction part of the Coriolus versicolor, and 39 

compounds in Trametes robiniophila. Methyl linoleate, 1,2-Benzenedicarboxylic acid, 

Methyl 2-hydroxy-tetracosanoate, Palmitic acid and Ergosta-14,22-dien-3-ol,（3β，5α，22E）

had a high content in two mushrooms.  

Conclusion: This study had clarified some of the chemical constituents of these two 

mushrooms and their antibacterial and antioxidation activity had been studied, it would 

provide some theoretical basis for their further development and utilization in anti-aging 

drugs and health food. 



 

 

In recent years, Coriolus versicolor and Trametes robiniophila have gradually entered the 18 

public view, because of its application in medical and health care products. It has been proved 19 

that these two fungi have various effects on anti-tumor[7-8] and regulating immunity[9-10].At 20 

present, there are many relational products in the market, such as locust granule and yunzhi 21 

hetai granule, which can effectively inhibit the growth and reproduction of tumor cells. The later 22 

has an ability to treat chronic hepatitis as an immunomodulator. 23 

At present, the research on the composition of Coriolus versicolor and Trametes robiniophila is 24 

mainly concentrated on the polar compounds of polysaccharides and glycopeptides[11].The 25 

activity studies were mainly focused on anti-tumor and immune regulation, and there were few 26 

reports on antioxidant and antibacterial activity.Therefore, we explored the antibacterial and 27 

antioxidant activity of two species of fungi in the same family but different genus, namely, 28 

Coriolus versicolor and Trametes robiniophila ,and analysed its compound ingredients of low 29 

polarity part by GC-MS, to expand the development of the efficacy of these two kinds of fungi 30 

for medical reference. 31 

 32 

2. MATERIALS  33 

2.1 Mushrooms and test bacteria 34 

The fruiting bodies of the wild Coriolus versicolor and Trametes robiniophila were collected 35 

from Beichuan county, Sichuan Province of China in September 2017. They were identified by 36 

one author of this article, professor He Xinsheng. And the voucher specimens were kept in the 37 

Microbiology Laboratory of Southwest University of Science and Technology, Mianyang, 38 

Sichuan Province. After 50  drying in infrared-ray oven, these mushrooms were crushed and 39 

separated through 100 mesh sieves. The prepared samples were keeping at 4  until later use. 40 

Two test bacteria: Escherichia coli and Staphylococcus aureus, provided by Guangdong 41 

Institute of Microbiology were obtained from stock cultures and grown in nutrient broth and 42 

incubated at 37  for 18 h.  43 

2.2 Reagents 44 

DPPH (1,1-diphenyl-2-carnitine free radical) was purchased from Tokyo Chemical Industry 45 

(Shanghai) Co., Ltd. n-alkanes (C1 ~ C31) standard solution(10 mg·mL-1) was purchased from 46 

the Sigma-Supelco company. Vitamin C(ascorbic acid) and Neomycin were purchased from 47 

Aladdin Industrial Corporation. Ethanol, petroleum ether, ethyl acetate and other reagents 48 

were purchased from ChengDu Chron Chemicals Co,.Ltd. All above reagents were of 49 

analytical grade. 50 

2.3 Equipments 51 

Electronic Precision Balance (BS223S, Germany Sartorius) , Ultrasonic cleaner(KQ-200KDE, 52 

Kunshan Ultrasonic Instrument Co., Ltd.), Rotary evaporator (RE-52AA, Shanghai Ya Rong 53 

Biochemistry Instrument Factory) , Spectrophotometer (UV7200, Unico(Shanghai) Instrument 54 

Co., Ltd.) , Light incubator (MGC-250, Shanghai bluepard instruments Co.,Ltd) , High-speed 55 

refrigerated centrifuge (CR22G �, Hitachi). 56 

 57 

3 METHOUD 58 

3.1 Preparation of extract from Coriolus versicolor and Trametes robiniophila 59 

Referring to Madeja, Katarzyna [12] and other schemes, Soxhlet extraction method was used to 60 

extract the dry powder of the two mushrooms by refluxing for two hours with 85% ethanol at 61 



 

 

1:5 (mass to volume ratio). The supernatant was filtered, and the residue was extracted with 62 

the same amount of solvent. After 3 times of repetition, the supernatant was combined and 63 

dried. 64 

The ethanol extract was reextracted by petroleum ether, ethyl acetate, n-butanol and distilled 65 

water according to the order of polarity from small to large. Ultrasonic extraction was carried 66 

out in accordance with the volume ratio of extract and extraction solvent at 1:5 for 20 min each 67 

time. The supernatant was filtered and combined. The above operation was repeated three 68 

times. The combined solution was dried in vacuo evaporator and weighed respectively. Then, 69 

the extraction yield was obtained. 70 

(1)       %100
extractssolvent different  ofWeight 

extract crude ofWeight 
(%) Yield  71 

 72 

 73 

3.2 Analysis of volatile constituents of petroleum ether extracts 74 

Before the GC-MS analysis, the petroleum extract from two mushrooms(50 g of each) were 75 

methylated with mixed solution composed of H2SO4 (1%): Methanol =1:9 (v/v) for 80 min at 76 

80  °C[13]. When the reaction fluid was cooled to room temperature, it was centrifuged at 77 

10000 r/min, before which 2 mL n-hexane and 5 mL distilled water were added. The above 78 

operation was repeated three times. All the supernatant was combined for GC-MS reparation. 79 

Volatile composition analysis of the extract obtained above was run on an Aglient 80 

7890A/5975C gas chromatography - mass spectrometry, equipped with a split-splitless 81 

injector and Agilent 19091S-433 column (30m×250μm ID, 0.25 μm film thickness). The sample 82 

was injected, and the split ratio was 10:1. The injector and detector temperatures were 290 °83 

C and 220 °C, respectively. The oven temperature programmed as follows: firstly, hold 5 min 84 

at 40  °C, then 40～150  °C at 10  °C/min, held for 5 min at 180  °C, and then 150～85 

225 °C at 5 °C/min, held for 5 min, lately, 225～250 at 5 °C/min, held for 10 min, Finally, 86 

250～300 °C at 10 °C/min, held for 20min. Helium (99.9%) was used as carrier gas at a 87 

flow rate of 1.0 mL/min. The mass detector was set to scan ions between 33-700 m/z using full 88 

scan mode and electron impact (EI, 70 eV). A hydrocarbon mixture of n-alkanes (C1-C31) was 89 

applied separately on GC-MS using the same chromatographic conditions as above. 90 

Identification of compounds was achieved from their GC retention indices (RI) relative to 91 

n-alkanes and by computer search using libraries of NIST08. 92 

KI(Kovats index) determination: Take n-alkane standards analyzed in accordance at the same 93 

conditions as sample analysis, record each n-alkane standard peak retention time, and take 94 

the data into the linear temperature formula [14] to calculate the KI value of each component 95 
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Where tx, tn and tn + 1 are the outflow time (min) of the measured components and n-alkanes 97 

with n and n + 1 as carbon number, respectively (tn <tx <tn + 1). 98 

 99 

3.3 Antioxidant activity 100 



 

 

The antioxidant activity was determined by the DPPH free radical scavenging assay. The 101 

scavenging effect on DPPH▪ radical by the sample was carried out according to the method of 102 

Elbadrawy[15] with a slight modification. Sample of 0.2 ml with 5 different concentrations (0.2, 103 

0.4, 0.6, 0.8, 1.0 g·L-1) was mixed with 4 ml of DPPH▪ in ethanol prepared daily (25 mg/L). 104 

After 5 min incubation in darkness, the absorbance at 517 nm was measured against absolute 105 

ethanol blank. The inhibition percentage of DPPH▪ radical was calculated according to the 106 

formular:  107 

(3)       100% ×
 A

A-A
= SR(%)

0

i0  108 

where A0 and Ai are the absorbance values of the control and tested samples, respectively. 109 

Ascorbic acid (0.2 mg/mL) was used as positive control for comparison. The determinations 110 

were performed in triplicate. 111 

 112 

3.4 Antibacterial activities  113 

The antibacterial activities of the four extract from two mushrooms were carried out according 114 

to the puncture method, which had been utilized by De Andrade EF[16], using two bacteria 115 

(Escherichia coli and Staphylococcus aureus). The specific operation is as follows: The 116 

prepared plate is divided into two groups. A set of plates was punctured with six evenly sized 117 

wells on each plate with a punch, positive control (neomycin), negative control (10% DMSO) 118 

and four samples 50μL of each solution, all of which has the same concentration of 0.5 mg/mL 119 

10% DMSO as solvent, were added into and marked. The plates inoculated with the two 120 

bacteria were inoculated at 37◦C for 18 h. The determinations were performed in triplicate for 121 

each sample and the values were averaged.  122 

 123 

3.5 Statistical Analysis  124 

  The data collected were triplicate and expressed in the form of mean±SD. The significant 125 

means were separated and compared using Duncan multiple range tests with SPSS 20.0 126 

software. 127 

 128 

4 RESULT AND DISCUSSION 129 

4.1 Sample Extraction 130 

1.982 g and 1.857 g extract were obtained from Coriolus versicolor and Trametes robiniophila 131 

(50 g of each), respectively, using a Soxhlet apparatus for 2 h with ethanol (85%) as the 132 

solvent. Four solvent different in polarity, Petroleum ether, ethyl acetate, n-butanol and distilled 133 

water, were used to reextract the above extracts. Various solvent extraction yield was shown in 134 

Table 1, representing that the petroleum ether part of both two mushrooms had the highest 135 

yield, which suggests that the two mushrooms contain more low-polar substances.  136 

Table 1 Various solvent extraction yield 137 

Solvent 

Coriolus versicolor Trametes robiniophila 

Extracting 

amount（g） 
Yield（%）

Extracting 

amount（g） 
Yield（%） 

petroleum ether 0.664 34.44 0.675 36.35 

ethyl acetate 0.322 16.70 0.227 12.22 



 

 

n-butanol 0.292 15.15 0.116 6.25 

distilled water 0.040 2.07 0.072 3.88 

 138 

 139 

4.2 Volatile components of the petroleum ether extracts 140 

After the determination by GC - MS analysis of petroleum ether extraction part of two kinds of 141 

mushrooms, the ion flow spectra (Fig. 1, 2) and mass spectrum data were got, illustrating that 142 

27 compounds were identified in Coriolus versicolor and 39 compounds in Trametes 143 

robiniophila. According to the comparison between KI and mass spectra, the compounds 144 

ranked in the top ten in content were presented as table 4, in which the percentage and 145 

relative retention indices of components are given. 146 

 147 

Fig 1. The GC-MS spectra of petroleum ether components from Coriolus versicolor 148 

 149 

Fig 2. The GC-MS spectra of petroleum ether components from Trametes robiniophila 150 

 151 

Table 2 The GC-MS analysis results of petroleum ether components from two 152 

mushrooms 153 



 

 

Compound name 
Molecular 

formula 

Molecular 

weight 

Coriolus versicolor 
Trametes robiniophila 

Murr 
KI* 

retention 

time 
% area KI 

retention 

time 
% area KI 

Phenol, 3,5-di-tert-butyl C14H22O 206 21.617 6.37 1551    1555 

9,12-Octadecadienoic acid，Methyl ester C19H34O2 294 36.462 23.92 2092 36.462 4.29 2092 2093 

13-Octadecenoic acid，Methyl ester C19H36O2 296 36.614 5.06 2083    2085 

1,2-Benzenedicarboxylic acid，Methyl 

ester 
C16H22O4 278 47.838 18.68 2160 47.852 9.60 2161 2162 

Methyl 2-hydroxy-tetracosanoate C25H50O3 398 53.561 15.78 2835 53.580 15.54 2837 2836 

Palmitic acid，Methyl ester C17H34O2 270 32.882 3.17 1874 32.875 3.78 1876 1878 

Ergosta-14,22-dien-3-ol（3β，5α，22E） C28H46O 398 58.076 3.79 2641 58.102 10.38 2640 2640 

Ergosta-7, 22-dien-3-ol（3β，5α，22E） C28H46O 398    59.125 2.01 2643 2640 

trans-Dehydroandrosterone, 

heptafluorobutyrate 
C23H27F7O3 484    58.318 5.86 2035 2034 

9-Octadecenoic acid，Methyl ester C19H36O2 296    36.639 22.43 2083 2085 

Methyl 2-hydroxy-pentacosanoate C26H52O3 412    54.933 5.63 2934 2935 

Stigmasta-5,22-dien-3-ol,(3β,22E) C29H48O 412 58.305 2.18 2739    2739 

Cholest-5-en-3-ol,(3β) C27H46O 386 59.221 2.16 2598    2596 

Tetrapentacontane, 1,54-dibromo C54H108Br2 914 54.926 2.45 5986    5981 

Phenol, 

2,2'-methylenebis[6-(1,1-dimethylethyl)-4

-methyl] 

C23H32O2 340    44.756 1.78 2789 2788 



 

 

Note: KI, The calculated value; KI*, the reference value 154 

 155 

As it was shown from table 2, there was little difference in the composition of petroleum ether 156 

part between two mushrooms, which were rich in regard to both fatty acids and sterol. Methyl 157 

linoleate (23.92%), the highest content in the Coriolus versicolor, has been reported at an early 158 

time that it can directly affect the respiratory epithelial cells and regulate the gene expression, 159 

production, and secretion of mucus [17]. Moreover, its derivatives, linoleic acid, and conjugated 160 

linoleic acid have anti-cancer, inhibit atherosclerosis, reduce body fat, and improve lean body 161 

weight, regulate immune and inflammatory response, etc. [18, 19]. The highest content in 162 

Trametes robiniophila turned out to be methyl oleate (22.43%), which has a function of 163 

increasing the weight of androgen-sensitive tissue and plasma testosterone level [20]. Methyl 164 

linoleate, monoethyl hexyl ester of phthalate, methyl palmitate, 2-hydroxy-tetracylide and 165 

ergostane 14,22 diene-3-alcohol are included as the common substance. Among them, methyl 166 

palmitate has protective effects on the heart, liver, and lungs [21, 22] as well as anti-inflammatory 167 

activity [23]. 168 

 169 

4.3 Antioxidant activities 170 

Antioxidant activity of the samples was characterized using the DPPH method, which 171 

assesses the scavenging capacity of hydrogen donating antioxidants toward the stable free 172 

radical. Antioxidant activities of four solvent extracts were summarized in Table 2. 173 

Table 3 DPPH free radical scavenging rate of four extraction fractions at different 174 

concentrations 175 

concentration

（mg·mL-1） 

clearance rate（%） 

Coriolus versicolor Trametes robiniophila  

NB PE EA DW NB PE EA DW Vc 

0.2 72.46±0.21a 48.27±0.87c 48.27±0.75c 56.86±0.65b 56.38±1.36b 52.08±0.96d 52.08±1.42d 40.22±0.59e 98.42±4.91

0.4 80.20±3.12a 55.39±2.36cd 55.39±1.35cd 58.95±1.46c 74.17±2.83b 52.25±3.41d 52.25±4.37d 42.53±1.49e NA 

0.6 87.01±1.35a 57.70±0.76c 57.70±1.43c 66.60±2.51b 83.26±0.87a 55.93±1.89c 55.93±0.61c 49.00±2.56d NA 

0.8 88.58±1.52a 70.16±1.91c 70.16±3.42c 71.31±0.78c 86.77±3.48a 58.23±2.64d 58.23±1.95d 51.62±3.21e NA 

1 90.26±4.73b 74.45±1.99c 74.45±2.81c 75.08±2.54c 87.09±3.62b 63.95±1.89d 63.95±3.45d 56.86±0.97e NA 

*PE: petroleum ether; EA: ethyl acetate; NB: n-butanol; DW: distilled water; NA: not application     
176 

 
177 

It showed in table 3 that the DPPH free radical clearance rate of different components of the 178 

two mushrooms could increase with the increasing of sample concentration, showing a good 179 

correlation between quantity and effect. All samples exhibited DPPH inhibition activity ranging 180 

from 40.22% to 91.51%, relative to ascorbic acid with 98.42%. Scavenging effect on the DPPH 181 

radical in Coriolus versicolor decreased in the following order: n-butyl alcohol > ethyl acetate > 182 

distilled water > petroleum ether; while, ethyl acetate > n-butanol > petroleum ether > distilled 183 

water in Trametes robiniophila. Antioxidant activity of all samples were less than that of 184 

positive control. The present study also suggested that extracts from ethyl acetate and 185 

n-butanol parts revealed better DPPH scavenging activity than petroleum ether and distilled 186 

water parts. The development of antioxidant active substances in ethyl acetate and n-butanol 187 

parts can be highlighted. 188 



 

 

 189 

4.4 Antibacterial activity 190 

  Table 4 Antibacterial activity of different components of two mushrooms 191 

Samples 

Coriolus versicolor Trametes robiniophila 

Escherichia 

coli 

Staphylococcus 

aureus 

Escherichia 

coli 

Staphylococcus 

aureus 

Neomycin 14.26±1.04 14.08±1.49 14.07±0.89 14.16±1.57 

DMSO ND ND ND ND 

PE 3.18±0.58 1.14±0.21 0.02±0.01 0.03±0.01 

EA 1.2±0.56 ND 0.04±0.01 0.05±0.02 

NB ND ND ND ND 

DW ND ND ND ND 

*ND: not detected 192 

*PE: petroleum ether; EA: ethyl acetate; NB: n-butanol; DW: distilled water; NA: not application  193 

 194 

a.  b.  195 

Fig 3. The antibacterial activity of different parts 196 

 197 

The antibacterial results as shown in table 4, Neomycin (0.4 g/ml) showed maximum zone of 198 

inhibition on both bacteria, while DMSO showed no antibacterial effect. In addition to a weak 199 

antibacterial effect of the Coriolus versicolor petroleum ether components, all the other 200 

components had no obvious antibacterial effect. Both mushrooms were poor in antibacterial 201 

activity. There is no significance for a deep research in antibacterial activity. 202 

This result is different from the other one reported by Danka et al[24]., it’s reported that the half 203 

inhibiting concentration of methanol extract from Coriolus versicolor was 20 mg/mL. The 204 

causes of inconformity between these two may be: first, the different solvent(methanol in 205 

Danka’s report). Second, we utilized a low concentration of 0.5 mg/mL. 206 

 207 

5 CONCLUSION 208 

In recent years, with people's attention to health, advocating nature. Antioxidants, especially 209 

antioxidants qualitative screening of natural products become a hot job, many natural extract 210 

or monomer compounds of drug sources can inhibit the generation of free radicals and has the 211 

oxidation resistance, and effect of anti-aging, even cure some diseases. Such as Resveratrol 212 

in grape, Polygonum and Mulberry [25]. From the above screening results, the antioxidant 213 



 

 

activity of the various sites of Coriolus versicolor was higher than that of Trametes robiniophila 214 

Murr, especially the antioxidant activity in the part of ethyl acetate and n-butanol. It has been 215 

reported in the literature that polysaccharides of Coriolus versicolor have anti-oxidant activity 216 
[26]. However, the polysaccharides are very water-soluble and scarcely exist in the above two 217 

parts. We can actively look for new antioxidants from the two parts of Coriolus versicolor. 218 

The results of GC-MS showed that the chemical compositions of the two polar fungi at low 219 

polarity were similar, with polyunsaturated fat as the main component. Peng et al. [27] reported 220 

that human polyunsaturated fatty acids play a number of key roles in host defense and 221 

immunity, including anticancer, anti-inflammatory, antioxidant activity, and competition for 222 

enteric pathogens.Therefore, the low polarity parts of the two fungi can also be used as raw 223 

candidate materials for the further exploitation of anticancer and anti-inflammatory drugs. To 224 

sum up, this study provides some theoretical basis for further comprehensive utilization of 225 

Coriolus versicolor and Trametes robiniophila. 226 

 227 

References 228 

1. Zhao JD. Chinese fungi(The third volume). 1th ed. Beijing; Science Press，1998. 229 

2. He X, Wang X, Fang J, Chang Y, Ning N, Guo H, et al. Polysaccharides in Grifola 230 

frondosa mushroom and their health promoting properties: A review. International journal 231 

of biological macromolecules. 2017,101:910-921. 232 

DOI: 10.1016/j.ijbiomac.2017.03.177 233 

3. Xia Q, Zhang HZ, Sun XF, Zhao HJ, Wu LF, Zhu D, et al. A Comprehensive Review of 234 

the Structure Elucidation and Biological Activity of Triterpenoids from Ganoderma spp. 235 

Molecules. 2014,19(11):17478 -17535. 236 

DOI: 10.3390/molecules191117478 237 

4. Oh J, Yoon DH, Han JG, Choi HK, Sung GH. H-1 NMR based metabolite profiling for 238 

optimizing the ethanol extraction of Wolfiporia cocos. Saudi Journal of Biological Sciences. 239 

2018, 25(6):1128-1134. 240 

DOI: 10.1016/j.sjbs.2018.04.007 241 

5. Ke S. Recent Progress of Novel Steroid Derivatives and Their Potential Biological 242 

Properties. Mini reviews in medicinal chemistry. 2017, 17:1-31 243 

DOI: 10.2174/1389557517666171003103245 244 

6. Wang XS, Li MY. Correlate tumor mutation burden with immune signatures in human 245 

cancers. BMC Immunology. 2019,20(1):4. 246 

DOI: 10.1186/s12865-018-0285-5 247 

7. Song X, Li Y, Zhang H, Yang QF. The anticancer effect of Huaier. Oncology Reports. 248 

2015, 34(1):12-21. 249 

DOI: 10.3892/or.2015.3950 250 

8. Chay WY, Tham CK, Toh HC, Lim HY, Tan CK, Lim C, et al. Coriolus versicolor (Yunzhi) 251 

Use as Therapy in Advanced Hepatocellular Carcinoma Patients with Poor Liver Function 252 

or Who Are Unfit for Standard Therapy. Journal of Alternative and Complementary 253 

Medicine. 2017, 23(8):648-652. 254 

DOI: 10.1089/acm.2016.0136 255 

9. Saleh MH, Rashedi I, Keating A. Immunomodulatory Properties of Coriolus versicolor: 256 

The Role of Polysaccharopeptide. Frontiers in Immunology. 2017, 8:1-11 257 



 

 

DOI: 10.3389/fimmu.2017.01087 258 

10. Wang L, Yu Z, Wei C, Zhang L, Song H, Chen B, et al. Huaier aqueous extract 259 

protects against dextran sulfate sodium-induced experimental colitis in mice by inhibiting 260 

NLRP3 inflammasome activation. Oncotarget. 2017, 8(20):32937-32945. 261 

DOI: 10.18632/oncotarget.16513 262 

11. Cui J, Chisti Y. Polysaccharopeptides of Coriolus versicolor: physiological activity, 263 

uses, and production. Biotechnology advances. 2003, 21(2):109-122. 264 

12. Madeja K, Kalenik TK, Piekoszewski W. Sample preparation and determination of 265 

pesticides in fat-containing foods. Food Chemistry. 2018, 269:527-541. 266 

DOI: 10.1016/j.foodchem.2018.07.007 267 

13. Suvar S, Horj E, Podea P, Iordache A, Cocan D, Culea M. FATTY ACIDS 268 

DETERMINATION IN TROUT PLASMA AND MEAT BY GC-MS. Studia Universitatis 269 

Babes-Bolyai Chemia. 2015, 60(2):109-116. 270 

14. Chen HP, Pan HH, Zhang X, Liu F, Chen MJ, Luo GH, et al. GC-MS combined with 271 

AMDIS and Kovats retention index to investigate dynamic change rules of volatile 272 

components from Atractylodis Macrocephalae Rhizoma with different stir-baking degrees. 273 

China journal of Chinese materia medica. 2016, 41(14):2646-2651. 274 

DOI:10.4268/cjcmm20161413 275 

15. Elbadrawy E, Sello A. Evaluation of nutritional value and antioxidant activity of tomato 276 

peel extracts. Arabian Journal of Chemistry. 2016, 9:S1010-S1018. 277 

DOI: 10.1016/j.arabjc.2011.11.011 278 

16. De Andrade EF, Carpine D, Andreotti Dagostin JL, Barison A, Rudiger AL, de Muniz 279 

GIB, et al. Identification and antimicrobial activity of the sesquiterpene lactone mixture 280 

extracted from Smallanthus sonchifolius dried leaves. European Food Research and 281 

Technology. 2017, 243(12):2155-2161. 282 

DOI: 10.1007/s00217-017-2918-y 283 

17. Choong Jae Lee PD, Yong Pill Yoon BS, Jiho Ryu MS, et al. Effects of Lobetyolin, 284 

Lobetyol and Methyl linoleate on Secretion, Production and Gene Expression of MUC5AC 285 

Mucin from Airway Epithelial Cells. Tuberculosis and Respiratory Diseases. 2014, 286 

77(5):203-208. 287 

18. Kim JH, Kim Y, Kim YJ, Lee HJ, Lee S, Lee HK, et al. Conjugated Linoleic Acid: 288 

Potential Health Benefits as a Functional Food Ingredient. Annual Review of Food 289 

Science and Technology. 2016, 7: 221-244. 290 

DOI:10.4046/trd.2014.77.5.203 291 

19. Yang B, Chen H, Stanton C, Ross RP, Zhang H, Chen YQ, et al. Review of the roles of 292 

conjugated linoleic acid in health and disease. Journal of Functional Foods. 2015, 293 

15:314-325. 294 

DOI: 10.1016/j.jff.2015.03.050 295 

20. Seres AB, Ducza E, Bathori M, Hunyadi A, Beni Z, Dekany M, et al. Androgenic effect 296 

of honeybee drone milk in castrated rats: Roles of methyl palmitate and methyl oleate. 297 

Journal of Ethnopharmacology. 2014, 153(2):446-453. 298 

DOI: 10.1016/j.jep.2014.02.050 299 

21. El-Agamy DS, Elkablawy MA, Abo-Haded HM. Modulation of 300 

cyclophosphamide-induced cardiotoxicity by methyl palmitate. Cancer Chemotherapy and 301 



 

 

Pharmacology. 2017, 79(2):399-409. 302 

DOI: 10.1007/s00280-016-3233-1 303 

22. El-Agamy DS, Al-Ammash BB, Alaqil RZ, Al-Balawi FA, Osailan SA. Methyl Palmitate 304 

Protects Against Sodium Valproate Induced Hepatic Injury. Latin American Journal of 305 

Pharmacy. 2016, 35(6):1309-1313. 306 

23. Temiz C, Kalemci S, Micili SC, Tekmen I, Yildiz G, Acar T, et al. The effect of methyl 307 

palmitate on treatment of experimental asthma. Journal of the Pakistan Medical 308 

Association. 2015, 65(6):632-636. 309 

24. Matijasevic D, Pantic M, Raskovic B, Pavlovic V, Duvnjak D, Sknepnek A, Niksic M. 310 

The Antibacterial Activity of Coriolus versicolor Methanol Extract and Its Effect on 311 

Ultrastructural Changes of Staphylococcus aureus and Salmonella Enteritidis. Frontiers in 312 

Microbiology. 2016, 7: 1226. 313 

DOI: 10.3389/fmicb.2016.01226 314 

25. Zhu Hl, Nie Hj, Li Pb, Deng BN, Duan RF, Jin H, et al. The physiological effects of 315 

resveratrol and its potential application in high altitude medicine. Chinese journal of 316 

applied physiology. 2015, 31(6):498-503. 317 

26. Sun X, Sun Y, Zhang Q, Zhang HW, Yang BY, Wang ZB, et al. Screening and 318 

comparison of antioxidant activities of polysaccharides from Coriolus versicolor. 319 

International Journal of Biological Macromolecules. 2014, 69:12-19. 320 

DOI: 10.1016/j.ijbiomac.2014.05.027 321 

27. Peng M, Biswas D. Short chain and polyunsaturated fatty acids in host gut health and 322 

foodborne bacterial pathogen inhibition. Critical reviews in food science and nutrition. 323 

2017, 57(18):3987-4002. 324 

DOI: 10.1080/10408398.2016.1203286 325 


