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Inonotus obliquus, commonly known as Chaga, is a fungal pathogen of birch 

trees, known to synthesize a range of phenolic compounds with remarkable health 

benefits. These presumed medicinal properties have generated increased interest in Chaga 

consumption. Prior research has demonstrated the diverse chemical composition of 

Chaga sourced from a variety of geographical locations. However, to our knowledge, 

there is currently no available literature regarding the extraction of bioactive compounds 

from Chaga grown in the United States. Additionally, the effect of the extraction method 

on the antioxidant and anti-inflammation properties specifically, has yet to be validated. 

Therefore, the present study was developed to examine the effects of extraction 

conditions on phenolic compounds in Maine sourced Chaga and correlate these findings 

to anti-inflammatory benefits. 

A high-performance liquid chromatography–diode array detection (HPLC–DAD) 

method was developed to determine the phenolic acids content in Chaga. The method 



	
	

demonstrated good linearity (0.994-0.999) and precision within (RSD ≤ 3) and between 

(RSD ≤ 4.2) -day precisions. The procedure also produced good recovery within (≥ 90.1) 

and between (≥88.5) -day precisions, as well. The majority of phenolic acids were 

extracted from the base hydrolysis fraction (2794.91 µg/g).  

The response surface methodology (RSM) was also applied to establish optimum 

extraction conditions to obtain phenolic-rich extracts. Results indicate that an extraction 

temperature of 170°C and ethanol concentration of 66% were optimal for recovering 

phenolic compounds, with a total phenolic content (TPC) value of 39.32 mg GAL/g DW 

and 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity of 76.59%. The 

extractions that produced the highest yields of TPC and DPPH were then assessed for the 

ability to remediate inflammation using lipopolysaccharide (LPS) activated RAW 264.7 

macrophages. The results showed various Chaga extracts have significant anti-

inflammatory activity on LPS-stimulated RAW 264.7 cells. The inhibitory effect was 

evident through a decrease in the production of nitric oxide (NO) and down-regulation of 

tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-β (IL-1β) in RAW 

264.7 macrophages. Therefore, findings confirm that Maine harvested Chaga 

demonstrates anti-inflammatory properties. However, the phenolic yields (total phenolic 

acids and TPC) and antioxidant activity are highly dependent upon the extraction 

methodology.
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INTRODUCTION 

Inonotus obliquus or Chaga is an unusual polypore fungus that infects living 

trunks of birch trees (Betulaceae) often resulting in white heart rot. Historically, Chaga 

extracts have been utilized in medicine to prevent and treat gastrointestinal diseases as 

well as certain cancers (Lee et al., 2008). More recently, researchers have scientifically 

validated these practices, isolating substances from Chaga which demonstrate a range of 

biological health benefits including antioxidant, anticancer, antiviral, immune 

modulation, and hepatoprotective activities (Chung, Chung, Jeong, & Ham, 2010;Ham et 

al., 2009;Lu, Chen, Dong, Fu, & Zhang, 2010). Chemical investigations have further 

supported these findings, as I. obliquus has been shown to produce a diverse range of 

bioactive compounds such as triterpenoids, polyphenols, melanin pigments, and 

polysaccharides (Burmasova et al., 2019; J. H. Lee & Hyun, 2014; Chung, Chung, Jeong, 

& Ham, 2010; Lu et al., 2010). 

 These health mediated effects have steadily increased interest in Chaga 

consumption among United States consumers. As a result, there are growing research 

initiatives surrounding optimization of extraction procedures defined by maximum target 

compound yields. Currently, there are few investigations on United States - harvested 

Chaga, or its bioactive content composition (such as phenolics) (Brydon-William, 2019). 

Unsurprisingly, the extraction method(s) effect on total phenolic content, antioxidant, and 

anti-inflammatory activity has yet to be confirmed. Thus, the primary objectives of this 

study were to (1) develop and validate a High Performance Liquid Chromatography 

(HPLC) method to assess the phenolic acids content in Chaga in both free and bound 

forms, (2) apply the response surface methodology (RSM) approach to obtain the most 

phenolic rich extracts from Chaga and (3) screen the anti-inflammatory activity of Chaga 

extracts obtained by different extraction methods.
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CHAPTER 1 

LITERATURE REVIEW 

1.1  Naming Origins of Chaga 

Inonotus obliquus, commonly known as Chaga, is a fungal pathogen that belongs to 

the Hymenochaetaceae family (Hawksworth et al., 1995). The English name “Chaga” is 

derived from the Siberian word “Czaga.” which originated from the Komi Permyak 

language, spoken by the indigenous people of the Kama River Basin, in the West Uralian 

region of the country (Shashkina et al., 2006). The fungus was first identified and 

described by Persoon (1801), who named it Boletus obliquus, then it was later renamed 

Polyporus obliquus by Fries
 
(1830), followed by Quélet

 
(1888) who called it Poria 

obliqua (under the bark of dry Fagus). In 1927, Bourdot and Galzin
 
termed the fungus 

Xanthochrous obliquus, and its current name, Inonotus obliquus, was given by Pilàt
 

(1936 and 1942), who studied it thoroughly (Lee et al., 2008). The genus name, Inonotus, 

directly translates to “black fiber” while the specific epithet, obliquus, refers to its 

geometric shape. Specifically, the pores of the reproductive body have sloping direction 

to the horizon.  Inonotus obliquus is also known by other common names, such as true 

tinder fungus, clinker polypore, sterile conk, cinder conk, and cancer polypore (Lee et al., 

2008). 

1.2  Distribution and Ecology 

Chaga is best characterized as a “circumboreal” organism, as it is found throughout 

the Northern Hemisphere, mainly within dense birch forests in characteristically 

temperate to subarctic climates. As a result, significant Chaga proliferation has been 

reported in forests throughout Russia (Western Siberia, partial regions in the Far East, 

Kamchatka peninsula), Poland, France, China (Heilongjiang province, Chinghai 
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mountain area of Jilin province), Japan (Hokkaido), Korea, and Canada. In the United 

States, Chaga has been harvested domestically in the Northeast (Maine through 

Pennsylvania), the Great Lakes region (Michigan, Wisconsin, and Minnesota), Alaska, 

and high-altitude areas of the southern Appalachian Mountains, including western North 

Carolina, where there is extensive yellow birch growth (Sinclair et. al, 2005; Brydon-

Williams, 2019). 

 Chaga has been isolated from a variety of tree species including hardwoods such as 

red alder (Alnus rubra), American and European beech (Fagus grandifolia and 

sylvatica), oak (Quercus spp.), red maple (Acer rubrum), hophornbeam (Ostrya 

virginiana), and poplar (Populus spp.) However, the fungus is primarily grown on the 

living trunks of mature white birch (B. papyrifera, B. pendula, B. pubescens) yellow 

birch (B. alleghaniensis) black birch (B. lenta), water birch (B. occidentalis), and grey 

birch (B. populifolia) species. Additionally, the characteristic sterile conk has only been 

isolated from birch tree varietals (Brydon-Williams, 2019; Lee et al., 2008).  

A 2015 study conducted by Balandaykin and Zmitrovich, determined the preferred 

growth environments of the fungal pathogen in birch stands within the Ulyanovsk region 

of Russia (mainly comprised of B. pendula and B. pubescens). Particularly, the 

researchers determined that Chaga prefers sprout coppiced trees to those with seedling 

coppice, mature stands to a younger counterpart, and oligotrophic soils to eutrophic soils. 

Furthermore, anthropogenic disturbance in the birch stands have demonstrated a positive 

correlation with incidences of Chaga infestation (Balandaykin & Zmitrovich, 2015). In a 

similar study conducted in seven regional forests throughout Poland between 1995-2011, 

incidences of Chaga growth were higher among stands aged 60 years or older.  

Additional Chaga prevalence increased in mixed birch-coniferous forest and bog forest 
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compared to wet broadleaved forests, with an estimated total Chaga volume of 46 metric 

tons (Szczepkowski et al., 2013). However, these studies are only applicable to European 

South Boreal forests, and thus have a limited relevance to Chaga distribution in North 

America (Balandaykin & Zmitrovich, 2015). 

To better illustrate the relationship between tree species and Chaga fungal growth in 

the United States, a recent survey conducted in the White Mountain National Forest of 

New Hampshire studied Chaga growth on white birch and yellow birch trees. Among the 

examined species, yellow birch was determined to be a more suitable host for the Chaga 

fungus. Characteristics including comparative hardiness as well as enhanced ability to 

survive through both damage and growing conditions (in particular, larger diameters and 

greater heights than other birch species) contributed to these findings (Brydon-Williams, 

2019).  

1.3  Morphological Features of Chaga 

Chaga is a perennial sclerotium, or resting body, which appears as a massive 

black charcoal structure with a rust-colored woody texture containing internal interwoven 

mycelia. Although Chaga is often referred to as a “mushroom”, scientists are skeptical of 

this designation. As mentioned, it is classified as a member of the Hymenochaetaceae 

family, which includes a few other dark, woody botanicals that grow on bark and 

decaying trees. Unlike the sclerotium, the fruiting body occurs once during the infection 

cycle. The structure of the fruiting body resembles a tumor and appears as a crust-like 

layer of pores with a light-yellow inner portion surrounded by irregularly cracked 

charcoal grey on the exterior. This external feature varies in size between 25-40 cm in 

diameter. Chaga fungus grows wild on decaying logs and wound sites of tree stumps. The 

invaded tree will utilize various defense mechanisms to resist fungal invasion; however, 



	
	
	

4	

Chaga can persist for up to 80 years, producing 1–3 sclerotia on the main stem and 

branches (Lee et al., 2008). It is unclear whether Chaga invasion leads to the eventual 

death of the hosted tree, or if mortality of the tree is caused by infection related to other 

opportunistic organisms (Niemelä et al., 1995). Various methods such as infected tree 

felling, girdling, fungicide, and cutting the trunk into bolts have been tested to control 

Chaga infections. None of these methods have successfully prevented the eventual 

formation of Chaga conks (Sinclair et al., 2005). However, some infected trees have been 

found to reject Chaga infection, ultimately resulting in the falling off of the conk, though 

the decay column is left intact (Spahr, 2009). 

1.4 History of Medicinal Use  

Chaga has been widely recognized as a medicinal source traditionally used to treat 

stomach ailments and cancer.  Russian legend suggests the famous 12th century prince, 

Vladimir Monomakh, was cured from a lip tumor by regularly ingesting Chaga tea. The 

Russian novelist, Solzhenitsy similarly mentioned Chaga in his book “The Cancer 

Ward”, in which the author describes cancer patients in rural villages, who used habitual 

drinking of a hot-water Chaga as a natural remedy to cure aliments. There are also reports 

of the Khanty people, an ethnic group from western Siberia, using Chaga to prevent and 

treat digestive disorders, cardiac illnesses, and hepatic disorders. They also utilized the 

fungus as an antiseptic agent used to clean body wounds (Saar, 1991). The Ainu people, a 

tribe indigenous to northern Japan, have also utilized Chaga as a natural treatment for 

stomach pain and inflammation.  In addition to the perceived health effects of Chaga 

consumption, the Ainu people also regarded the fungus as sacred.  The act of inhaling 

Chaga smoke, known as “eating the smoke” was common practice in particular religious 

ceremonies. The Skolt Sami people of Northern Scandinavia, similarly, used Chaga to 
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address certain illnesses including cold, flu, and stomach ailments. Additionally, the 

fungus was also utilized as a recreational tea in place of other tea or coffee beverages 

(Magnani Natalia, 2016). Today the fungus is still regarded for its medical properties. In 

1955, following several clinical investigations, the Russian Medical Research Council 

approved Chaga preparation, which is listed in the Soviet Pharmacopeia under the name 

of “Befunginum”, for several forms of cancers such as genital      and breast (Balandaykin 

& Zmitorvich, 2015).   

1.5 Chemical Analysis of Chaga 

 Chemical analysis of Chaga reveals that the fungus contains more than 200 bioactive 

components.  These compounds have been associated with a wide array of biological 

activities attributed to several health-mediated effects (Diao et al., 2014; Olennikov et al., 

2012; Y. M. Park et al., 2005). The predominant bioactive constituents in Chaga include 

polysaccharides (Wold et al., 2018); triterpenoids (Nakata et al., 2007); steroids (Nikitina 

et al., 2016), melanin (Burmasova et al., 2019), and phenolic compounds  (Nakajima et 

al., 2007). Dragendorff first examined the chemical composition of Chaga in 1864. In 

addition to polysaccharides, (Ludwiczak & Wrecino, 1962) first detected and identified 

lanostane triterpene compounds (lanosterol-3β- hydroxyl-lanosta-8,24-diene and its 

derivative inotodiol) in this mushroom as well. Kahlos and his group also isolated β-

hydroxylanosta-8,24-dien-21-oic acid (trametenolic acid), 3β-hydroxylanosta-8,24-dien-

21-al, 3β,22,25-trihydroxylanosta-8,23-diene, and d 3β,22-dihydroxylanosta-8,24-dien-7-

one (Kahlos & Hiltunen, 1983; Kahlos et al.,1984). Recently, chagabusone, a lanostane-

type triterpenoid, was also isolated following the fractionation of methanolic extracts of 

this fungus (Baek et al., 2018). Careful examination of the sclerotia has led to the 

isolation of additional constituents including 3 β-hydroxylanosta-8,24-diene-21,23-
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lactone, 21,24-cyclopentalanost-8-ene-3β,21,25-triol, and lanost-8-ene-3β,22,25-triol 

(Shin et al., 2000; Shin et al., 2001) . In the available literature, approximately 40 

triterpene compounds from the lanostane-type structure have been identified in Chaga, 

including trace amounts of pentacyclic-type structure of triterpenes, such as betulin, 

lupeol, and lupenon (Gao et al., 2009).  Further, steroids and alkaloid-like chemical 

compounds have also been extracted (Nikitina et al., 2016). Melanin; a high-molecular 

weight polyphenol pigment that is synthesized by Chaga as a result of oxidative 

polymerization of phenols, has similarly been isolated following physicochemical 

examination (Kukulyanskaya et al., 2002). This is a rather noteworthy discovery, as 

melanin extracts widely contributed to the varied medicinal properties of this fungus, due 

to their high antioxidant properties (Burmasova et al., 2019). 

Different solvents have been used in the extraction of bioactive compounds from 

Chaga. Previous work has demonstrated that the solvent utilized for extraction may affect 

the bioactivity (Kallithraka et al., 2007; Zheng et al., 2010). Chemical      profiles of some 

bioactive compounds of Chaga are presented in Table 1-1. 
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Compound Biological activities Extraction 

solvent 

Reference 

Melanin Hypoglycemic; 
antioxidant 

Water  Burmasova et al., 
2019; Lee & Hyun, 
2014).  

3β�Hydroxylanosta�8, 
24�diene�21�al 

Antimutagenic and 
antioxidative; 
anticarcinogenic, 
hypoglycemic 

Ethyl acetate; 
Methanol 

(Chung et al., 2010; 
Ham et al., 2009; Lu 
et al., 2010). 

Lanosta�24�ene�3β,21�
diol 

Antitumor activity Chloroform (Taji et al., 2008). 

Ergosterol peroxide Hypoglycemic Ethyl acetate (Lu et al., 2010). 

Lignin Inhibits HIV-
1protease activity 

Water (Ichimura et al., 
1999). 

Lignin Antioxidant, 
immunostimulants 

Water (Niu et al., 2016) 

Betulinic acid Antiproliferative 
effect against human 
lung adenocarcinoma 
cells (A549) 

Water (Géry et al., 2018). 

Ergosterol; ergosterol 
peroxide, trametenolic acid 

Anti-inflammatory 
activity 

Ethanol (Ma et al., 2013). 

Ergosterol peroxide, 
trametenolic acid 

Anticancer activity Ethanol (Ma et al., 2013). 

4-hydroxy-3,5-dimethoxy 
benzoic acid 2-hydroxy-1-
hydroxymethyl ethyl ester, 
protocatechic acid, caffeic 
acid, 3,4-
dihybenzaladehyde, 2,5-
dihydroxyterephtalic acid, 
syringic acid, 3,4-
dihydroxybenzalacetone 

Antioxidant Methanol (Nakajima et al., 
2007) 

Table 1-1 some of the bioactive compounds extracted from Chaga using different solvents 
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Table 1-1 continued  

Compound Biological activities Extraction 

solvent 

Reference 

3,4-
dihydroxybenzalacetone 

Prevents hydrogen 
peroxide-induced 
oxidative stress in 
PC12 cells 

Methanol (Nakajima et al., 
2009) 

Inotodiol Inhibits Cell 
Proliferation 

Chloroform (Nomura et al., 2008) 

Polysaccharides Antioxidant; 
antihyperglycaemic 
effects 

Water (Liu et al., 2018; Mu 
et al., 2012) 

 

1.5.1 Polysaccharides in Chaga 

Within the last decade, there has been steadily growing interest in Chaga 

functionality due to its abundant polysaccharide composition. These compounds have 

been associated with several therapeutic functions including antitumor, antioxidant, 

hypoglycemic and nontoxigenic effects (Mu et al., 2012; Diao et al., 2014). More 

specifically, Fan et al reported that the water-soluble polysaccharides within Chaga exert 

in vivo antitumor activity and enhance immune defense via lymphocyte proliferation in 

addition to increased tumor necrosis factor-α TNF production (Fan et al., 2012). Similarly, 

Hu et al found that a purified fraction of Chaga had a therapeutic effect against chronic 

pancreatitis in mice via multiple pathways including antioxidative effects (Hu et al., 

2016). Additionally, Diao et al determined that Chaga derived polysaccharides possess 

antihyperglycemic effects in mice, which could be a potential therapeutic option for 

diabetes (Diao et al., 2016).  
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There are several previously published reports regarding Chaga polysaccharide 

extraction. Some of this available literature is focused on polysaccharide extraction by 

hot water, alkaline-treated hot water, or more novel methodologies. Hu et al, for example, 

examined the effects of different temperatures on polysaccharide extraction efficiency. 

The study determined the total polysaccharide yield was highest when an 80°C hot water 

method, compared to water heated to 50°C and 70°C, was used. In addition to compound 

yield, the ratio of polysaccharide to protein was also highest using this procedure (Hue et 

al., 2009). This finding indicates that more substances may be extracted by water using an 

elevated temperature. It has also been suggested that application of ultrasonic/microwave 

will assist in extraction yield and purity of crude polysaccharides, which are advantages 

over the traditional hot water methodology (Chen et al., 2010). 

The monosaccharide composition of aqueous Chaga extracts consists primarily of 

glucose and mannose. Kim et al previously reported that purified endo-polysaccharide 

from cultivated Chaga mycelia was an α-linked fucoglucomannan, composed primarily of 

mannose and glucose, with small amounts of galactose, fucose, and glucosamine as well 

(Kim et al., 2006a). This is in accordance with the results of Huang et al, in which 

glucose and mannose were the major monosaccharides isolated from Chaga 

polysaccharides along with galactose and rhamnose, which were found in smaller ratios 

(Huang et al., 2012)  

Formation of polysaccharide complexed minerals has been proposed to alter both 

the physiological properties and biological activity of the polysaccharides, but also 

enhance the bioavailability of the minerals. Wang et al investigated the effect of an 

interaction between Chaga polysaccharides and iron (III) on the antioxidant activity and 

bioavailability of the final product.  Data from this work suggested that the 
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polysaccharide-iron (III) complex may be a suitable candidate for a new iron supplement 

due to its high antioxidant capacity and increased bioavailability (Wang et al.,2015). On 

the other hand, Selenizing modification polysaccharides have been successfully prepared 

by a HNO3- Na2SeO3 method. Following this modification, polysaccharides were found 

to have significantly increased antioxidative capacity in vivo, as well as in vitro (Hu et 

al., 2017). 

Polysaccharides are usually conjugated with other molecules such as proteins 

exhibiting various bioactive properties. The protein content within Chaga polysaccharides 

is typically determined using the Bradford method, which uses bovine serum albumin 

(BSA) as a standard (Bradford M., 1976). Some studies indicate that the protein content 

in polysaccharides may exist as polysaccharide-protein complexes. This hypothesis is 

supported by evidence that after several deproteinization processes using the Sevage 

method, a small amount of protein remained attached to the isolated polysaccharides (Mu 

et al., 2012). 

Uronic acid, a polysaccharide constituent, is mainly determined by the m-

hydroxydiphenyl method that utilizes galacturonic acid as a standard. The compound was 

found in less than 5% Chaga polysaccharides derived from both water-soluble and alkali-

soluble samples. However, contrary to this finding, there have been several literature 

reports linking high uronic acid content and protein content to increased bioactivity of 

polysaccharides. Huang et al obtained five polysaccharide fractions (IOP1b, IOP2a, 

IOP2c, IOP3a and IOP4) from aqueous Chaga extracts and found the higher content of 

uronic acid and proteinous substances resulted in stronger antioxidant activities of 

polysaccharides (Huang et al., 2012). The effects of three different drying methods 

(freeze drying, hot air drying and vacuum drying) on bioactivities and chemical 
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compositions of polysaccharides were also comparatively investigated. Despite its high 

polysaccharide yield and nutrient content after drying application, results demonstrated 

that the higher activity of the freeze-dried polysaccharides might be related to its higher 

uronic acid and protein contents (Ma et al., 2013). 

1.5.2 Phenolic Compounds in Chaga 

Phenolic compounds are a group of secondary metabolites that are synthesized in 

plants as a response to environmental stress, such as pathogens, insect attack, UV 

radiation, and wounding. Chaga fungus synthesizes a range of phenolic compounds (PC), 

which possess remarkable potential for free radicals scavenging (Babitskaia et al., 2000; 

Nakajima et al., 2007). This property has been associated with reduced incidences of 

oxidative stress-induced diseases including cancer, hypertension, neurodegenerative, and 

autoimmune diseases (Zheng et al., 2010). The common structure of phenolic compounds 

is characterized by the presence of aromatic ring(s) bearing one or more hydroxyl groups. 

PCs are further classified into different groups based on the number of phenolic units and 

other functional attributes that link these rings (Dai & Mumper, 2010). As a result, 

different phenolic classes have been formed, as shown in Figure 1-2.  

Different classes of phenolic comounds have been reported in Chaga from both 

wild sclerotia and liquid cultures. Zheng et al determined that the production of 

flavonoids from cultures of Chaga was enhanced in response to oxidative stress induced 

by hydrogen peroxide H2O2 (1mM H2O 2 at a rate of 1.6 mL/h) (Zheng et al 2009b). 

Similarly, a high yield of flavonoids, i.e., epicatechin-3-gallate (ECG), epigallocatechin-

3-gallate (EGCG), and naringin, was also obtained from Chaga under fermentated 

conditions (Xu et al., 2016). Low molecular weight phenolic ingredients, i.e., 3,4-

dihydroxybenzalacetone (DBL), and high-molecular-weight phenolic pigments, i.e. 
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melanin, have also been identified in Chaga (Nakajima et al., 2007; Olennikov et al., 

2012). 

 

  

Figure 1-1 Classification of the main polyphenols (Dai & Mupper, 2010) 

 

Among phenolic compound constituents, phenolic acids have previously been 

reported in Chaga, including gallic acid, protocatechuic acid, protocatechuic aldehyde, 

caffeic acid, vanillic acid, ferulic acid, and syringic acid (Ju et al., 2010; Nakajima et al., 

2007). Structurally, phenolic acids are composed of one aromatic ring, a carboxylic acid 

group and one or more hydroxyl groups. Despite these structural commonalities, phenolic 

acids can be further differentiated into two parent structures: hydroxycinnamic acid and 
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hydroxybenzoic acid (Khoddami et al., 2013). The distinction within these groups is 

related to the number and position of hydroxyl groups in the molecule (Pereira et al., 

2009) (Figure 2). Often, aldehyde analogues such as vanillin and  protocatechuic 

aldehyde are also referred to as phenolic acids (Robbins, 2003).   

Table 1-2 Structures of the important naturally occurring phenolic acids 

	

Hydroxybenzoic Acids                                                                   Hydroxycinnamic Acids 

Phenolic acids Hydroxybenzoic Acids Hydroxycinnamic Acids 

 R1 R2 R3 R4 R1 R2 R3 R4 

Protocatechuic 
acid  

H OH OH H 
    

Gallic acid H OH OH OH     

Vanillic acid 
H 

 
OCH3 OH H 

    

Syringic acid 

 
H OCH3 OH OCH3 

    

Caffeic acid 
 

 

   
H OH OH H 

Cinnamic acid 
 

 

   
H H H H 

 

 



	
	
	

14	

Table 1-2 continued 

Phenolic acids Hydroxybenzoic Acids Hydroxycinnamic Acids 

 R1 R2 R3 R4 R1 R2 R3 R4 

Ferulic acid 
 

 

   
H OCH3 OH H 

Sinapic acid 
 

 

   
H OCH3 OH OCH3 

 

1.6 Extraction of Phenolic Compounds 

  In general, the extraction of phenolic compounds from natural sources is 

challenging due to several factors including chemical diversity of the compounds, uneven 

distribution within the cell matrix, and interference from other components within the 

plant. However, determining optimal extraction conditions is key in the recovery of 

phenolic compounds of interest (Dai & Mumper, 2010). In Chaga, the structural diversity 

of its components and the presence of interfering substances such as terpenes and 

carbohydrates, results in large variability of the chemical properties including different 

biomolecules polarity and hydrogen bonding, which can greatly influence the extraction 

yields and biological activities of the phenolic extracts. Prior work has indicated that the 

efficiency of an extraction method and resulting bioactivity of phenolic compounds is 

strongly dependent on specific extraction conditions such as methodology, solvent type, 

and extraction temperature. Published data has shown varying levels of total phenolic 

content from Chaga depending on the extraction method and conditions as well. For 

example, Zheng et al. investigated solvent effects on phenolic metabolites and 

antioxidant activities of Chaga extracts using a heated reflux system. The study showed 

that polar solvents (ethyl acetate, acetone, ethanol, and water) had a higher extraction rate 
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for PC compared to extractions using non‐polar solvents. The authors also reported 

enhanced antioxidant activities following the increase in solvent polarity. For instance, 

the scavenging for superoxide anion, DPPH, and hydroxyl radicals reached 71.48, 357.73 

and 52.18%/mg, respectively, via ethyl acetate extraction (Zheng et al., 2011a). However, 

under ultrasonic extraction conditions, an additional report deemed aqueous acetone 

(70% v/v) as the most efficient solvent for extracting total phenolic compounds in Chaga 

(Zhao et al., 2013). In addition to solvent type, temperature of the extraction protocol 

needs to be considered when extracting phenolic compounds.  Relatively high 

temperatures are reported to increase extraction efficiency by decreasing viscosity of the 

solvent. This leads to better diffusion of the solvent through the cell walls which 

ultimately increases phenolic compounds solubility in the solvent (Ju et al., 2010; Seo & 

Lee, 2010). However, there are upper limits to this observation, with extremely high 

temperatures causing degradation of phenolic compounds (Lindquist & Yang, 2011). 

1.6.1 Conventional Extraction and Advanced Extraction Methods 

           Different extraction methods have been used to recover phenolic compounds 

from Chaga. Conventionally, a large amount of organic solvent such as methanol, 

ethanol, acetone, ethyl acetate, or their mixture with water, either at room temperature, or 

at the boiling point of the chosen solvent(s) is used. However, the major concern with 

these methods are long extraction times, the large amount of solvent required to execute 

the procedure, potential negative environmental impacts, as well as decomposition of 

thermo-labile compounds. Therefore, advanced “green” extraction methods have been 

designed to reduce energy consumption and allow the use of alternative solvents and/or 

reduce organic solvent consumption, while producing safe and high-quality extracts 

(Axelsson et al., 2012; Chemat et al., 2012; Cvjetko et al., 2018). Some of these 
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technologies such as supercritical fluid extraction (SWE), microwave-assisted extraction 

(MAE), ultrasound extraction (UAE) and accelerated solvent extraction (ASE) have 

previously been applied to the extraction of phenolic compounds from a variety of natural 

sources   (Andrade et al., 2012;Şahin & Şamli, 2013; Tripodo et al., 2018; Švarc-Gajić et 

al., 2013). Zhao et al has applied aqueous two-phase extraction (ATPE) associated with 

ultrasonic extraction to extract these compounds from Chaga, specifically (Zhao et al., 

2013).  ATPE technique depends on the selective separation of the compounds of interest 

from the sample matrix into two separate phases.  Ultrasonic extraction on the other hand, 

breaks the cell wall structure, which allows for a better diffusion rate, improving the 

solubility of the analyte in the extraction media. Applying the combined methods to 

Chaga derived phenolic compound extraction, previous literature has reported increased 

yields in phenolics (37.8 mg gallic /g dw compared to 29.0 mg gallic/ g) obtained by 

traditional ultrasonic extraction. Additionally, the anti-oxidative activities of the extract 

obtained by the combined methods have been shown to enhance scavenging superoxide 

anions SOD, hydroxyl radicals, and DPPH radical isolation. Microwave assisted 

extraction (MAE) compared to the traditional aqueous Chaga extraction (maceration) 

methods, also increased melanin output and extracted antioxidative properties. It was 

found that the melanin extraction efficiency and antioxidative properties were equal to or 

higher than those of the melanin obtained by the classic extraction method. Further, the 

MAE reduced the extraction time by 2–3.5 times that of the traditional method (Nitriles 

1975; Parfenov et al., 2019). Seo & Lee highlighted that the use of a high temperature 

during Subcritical Water Extraction (SWE) of Chaga-derived phenolic compounds 

resulted in 30 times more phenolic content than that obtained using a lower extraction 

temperature. The researchers found the highest total phenolic content (TPC) 

(10.72 mg/mL) was obtained in SWE extracts produced at 250°C for 30 minutes, 
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compared to TPC (0.61 mg/mL) produced at 50°C for 10 minutes. The authors also 

suggested utilizing SWE as a tool to increase the antioxidant activities of Chaga extracts 

(Seo & Lee 2010). As suggested, phenolic levels within these fungal extracts are largely 

dependent on the extraction methods. 

1.6.2 Acid- Base Hydrolysis 

In general, phenolic acids occur as free, soluble conjugates (e.g., glycosides and 

esters of fatty acids) and insoluble-bound forms (Naczk & Shahidi, 2004). These different 

forms of phenolic acids require specific extraction conditions considering the chemical 

nature of these acids in terms of stability and susceptibility to degradation (Mattila & 

Kumpulainen, 2002). Aqueous organic solvents such as methanol, acetone, and/or water, 

sometimes with a small portion of acetic acid, have been used to extract soluble phenolic 

acids (free, soluble esters, and soluble glycosides) (Escarpa & Gonzlez, 2001; Mattila & 

Kumpulainen, 2002). However, organic solvents cannot extract the bound forms of 

phenolic acids. These phenolics are coupled to the cell wall components through ester, 

ether, and glycosidic bonds (Escarpa & Gonzlez, 2001; Luthria, 2012; Mattila & 

Kumpulainen, 2002; Nardini & Ghiselli, 2004). Base and/or acid hydrolysis are typically 

utilized to cleave the ester linkage to the cell walls and release the bound phenolic acids 

(Mattila & Kumpulainen, 2002). Enzymatic treatments (mainly pectinases, amylases, and 

cellulases) have been reported as being a less prevalent technique to release phenolic 

acids from their corresponding conjugates (Robbins & Bean, 2004) Generally, acid 

hydrolysis involves treating the sample with HCl ranging from 1 to 4N, either at room 

temperature or at high extraction temperatures; while in base hydrolysis procedures, 

samples are treated with NaOH ranging from 2 to 10N for a few hours or overnight at 

room temperature (Nardini & Ghiselli, 2004). Some studies have adopted a sequential 
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extraction regime to systematically release the phenolic acids from their respective forms. 

In this extraction system, the sample is first subjected to organic solvent or acidified 

organic solvent to extract soluble phenolic acids. The base hydrolysis is then utilized to 

release the bound phenolic acids, followed by acid hydrolysis to liberate the bound 

phenolics that have not been hydrolyzed during the base hydrolysis process (Li et al., 

2020; Ross et al., 2009).  

1.6.3 Accelerated Solvent Extraction (ASE) 

Many modern techniques such as accelerated solvent extraction (ASE) have been 

developed to overcome the previously discussed phenolic extraction challenges.  The 

most notable benefits of ASE include increases in extraction efficiency, extract 

selectivity, and procedure reproducibility. Specifically, using elevated pressure and 

temperatures for a relatively short duration, results in successful degradation of the cell 

membranes, which considerably reduces the extraction time and increases product yields. 

The application of high pressure (>1000 psi) allows solvents to be heated to temperatures 

higher than their boiling point, which disrupts the cell wall structure, decreases liquid 

solvent viscosity, and accelerates diffusion through membranes; thus, allowing better 

penetration into the matrix and further improving the extraction procedure (Ameer et al., 

2017; Mustafa & Turner, 2011).  
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Figure 4-3 Effect of various samples on tumor necrosis factor-α (TNF-α) expression in 
macrophage RAW 264.7 cells (A) extracts obtained by ASE (B) pure phenolic standards 
(C) crude polysaccharide extracts and (D) different extraction methods. Cells were 
cultured in the absence or presence of LPS (1 µg /mL) with various concentrations of 
different samples for 24h (0 = media; GA=2 µM; 1= 5 µM; 2=10 µM; 3= 20 µM; 4 = 50 
µg/mL; 5=100 µg/mL; and 6= 150 µg/mL; 7= 25 µM; 8 = 50 µM; and 9 = 100 µM). 
TNF-α production was determined through an ELISA. The data represent the mean ± SE 
of triplicate experiments. Significant different values at P < 0.05 
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4.3.5 Inhibition of IL-6 Production in LPS-Stimulated RAW 264.7 Macrophages 

The expression of IL-6 cytokine increased to (755 ± 0.42 pg/mL) in macrophage cells 

after stimulation with LPS. However, when various Chaga extracts obtained by ASE 

were added at 50, 100, and 150 µg/mL, these increases were significantly (p < 0.05) 

reduced. For example, at 150 µg/mL, ASE1, ASE2, and ASE3 extracts reduced the level 

of IL-6 released from RAW 264.7 cells by 57.3%, 49.4%, and 50.4%, respectively, 

compared with the LPS group (Figure 4-4A). The inhibition activity of phenolic acid 

standards on the expression of IL-6 in LPS-induced 264.7 RAW cells is displayed in 

(Figure 4-4B). We observed the same trend of TNF-α expression inhibition for the level 

of IL-6; all assayed phenolic acids except VA and SA significantly (p < 0.05) 

suppressedthe level of IL-6 at all examined concentration, compared to the LPS 

treatment. For example, at the highest concentrations, PA, PCA, and CA reduced the 

expression of IL-6 by 53.7%, 56.6%, and 39.5%, respectively, compared to the LPS 

treatment. The effect of the polysaccharide extracts on the expression of IL-6 was similar 

to their effect on TNF-α; the expression of IL-6 was significantly reduced (p < 0.05) after 

treating the induced cells with P3 and P6 extracts at different concentrations. For 

example, the IL-6 level was reduced by 56.8% and 57.1% after the LPS-induced cells 

were treated with 150 µg/mL of P3 and concentration (Figure 4-4C). The results in 

(Figure 4-4D) showed that extracts obtained by SE and RE have significant inhibitory 

effect (P < 0.05) on the expression of IL-6 cytokine, compared with the LPS group. The 

results in (Figure 4-4D) showed that extracts obtained by SE and RE have significant 

inhibitory effect (P < 0.05) on the expression of IL-6 cytokine, compared with the LPS 

group. For example, at a concentration of 150 µg/mL, RE and SE inhibited the cytokine 
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level by 26.6% and 26.9%, respectively, compared with the LPS group. No inhibitory 

effect of ME extract on the level of IL-6 was observed at any concentration. 
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Figure 4-4 Effect of various samples on IL-6 expression in macrophage RAW 264.7 cells (A) 
extracts obtained by ASE (B) pure phenolic acid standards (C) crude polysaccharide extracts and 
(D) different extraction methods. Cells were cultured in the absence or presence of LPS (1 µg /mL) 
with various concentrations of different samples for 24h (0 = media; GA=2 µM; 1= 5 µM; 2=10 
µM; 3= 20 µM; 4 = 50 µg/mL; 5=100 µg/mL; and 6= 150 µg/mL; 7= 25 µM; 8 = 50 µM; and 9 = 
100 µM). IL-6 production was determined through an ELISA. The data represent the mean ± SD of 
triplicate experiments. Significant different values at P < 0.05. 
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4.3.6 Inhibition of IL-β Production in LPS-Stimulated RAW 264.7 Macrophages 

Our data indicated an increase in the expression of IL-β in the LPS-stimulation 

group compared to the control group (Figure 4-5). At 150 µg/mL, all Chaga extract 

obtained by ASE displayed significant inhibitory effect (p<0.05) on the level of IL-1β as 

compared to the LPS group (Figure 4-5A). For example, ASE1 reduced the level of IL-1β 

by 22.6% compared to the LPS group. Similarly, the level of IL-1β decreased 

significantly (p <0.05) after treating the LPS-induced cells with the highest 

concentrations of PA and PCA, respectively (Figure 4-5B).  For example, the 

concentration of IL-1β in the supernatants was decreased by 22.6% and 21.5%, after 

incubated the LPS-induced cells with highest concentration of PA, PCA, respectively. 

The effect of the polysaccharide extracts on the expression of IL-β is presented in (Figure 

4-5C). Polysaccharide extracts from the Chaga obtained by the tea bag form had no 

ability to attenuate the level of inflammatory cytokine. However, at 150 µg/mL, P6 

significantly (p <0.05) reduce the level of IL-1β by 21.5% , compared to the LPS 

treatment. (Figure 4-5D) presents the effect of the extraction method on the inhibition 

activity of the extracts against IL-1β in the LPS-induced macrophages. None of the 

extracts obtained by the conventional methods affected the expression of the IL-1β at any 

concentration, compared to the LPS group. 

 

 

	

	



	
	
	

117	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



	
	
	

118	

	

	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	

Figure 4-5 Effect of various samples on IL-β expression in macrophage RAW 264.7 cells (A) 
extracts obtained by ASE (B) pure phenolic acid standards (C) crude polysaccharide extracts and 
(D) different extraction methods. . Cells were cultured in the absence or presence of LPS (1 µg 
/mL) with various concentrations of different samples for 24h (0 = media; GA=2 µM; 1= 5 µM; 
2=10 µM; 3= 20 µM; 4 = 50 µg/mL; 5=100 µg/mL; and 6= 150 µg/mL; 7= 25 µM; 8 = 50 µM; and 
9 = 100 µM). IL-β production was determined through an ELISA. The data represent the mean ± 
SD of triplicate experiments. Significant different values at P < 0.05. 
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4.4 DISCUSSION 

Inflammation is a physiological immune response of body tissues against 

physical, chemical, and biological stimuli such as tissue injury, chemical toxins, or 

pathogens (Jeong & Jeong, 2010). Lipopolysaccharide is an endotoxin, an integral outer 

membrane component of gram-negative bacteria, and the most potent trigger for 

microbial initiators of inflammatory response (Dobrovolskaia & Vogel, 2002).      

Macrophages are essential for the initiation and resolution of pathogen- or tissue damage-

induced inflammation. Macrophages are cells that play a vital role in the immune system 

and are associated with inflammatory diseases. Macrophages activated by LPS treatment 

produce wide variety of inflammatory markers mostly for the primary protection of the 

host including NO TNF-α, IL-6, and IL-1β. However, excess and uncontrolled production 

of these inflammatory product lead to excessive inflammatory response and oxidative 

stress (Dai et al., 2019; Han et al., 2002; Park et al., 2007). Anti-inflammatory agents 

produce anti-inflammatory effect through regulating cytokines and these inflammatory 

mediators. Therefore, monitoring the expression of these mediators is vital for 

understanding the inflammatory process and provides a measure to evaluate the effects of 

anti- inflammatory agents (Taofiq et al., 2016). 

Nitric oxide is a multi-functional mediator that plays an important role in cellular 

signaling and a variety of physiological functions in many cells and tissues, including the 

brain, the vasculature, and the immune system (Paige & Jaffrey, 2007). Evidence 

indicates that overproduction of NO due iNOS is a significant contributor to the 

inflammatory processes and may provide an indicator of the degree of inflammation 

(Alderton et al., 2001; Barkett & Gilmore, 1999). Therefore, the inhibition of NO 
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overproduction may be an essential measure for assessing the anti-inflammatory effects 

of drugs (Kim et al., 2006).  

Inflammation is characterized by the production of a wide variety of free radicals, 

nitrogen reactive species, and cytokines—such as TNF-α, IL-6 and IL-1β—which act as 

modulators throughout the inflammation process (Adams & Hamilton, 1984). TNF-α 

stimulates the production of other cytokines such as IL-6, IL-1β. IL-6 is a multifunctional 

cytokine with pro- and anti-inflammatory properties that plays a central role in immune 

and inflammatory responses (Beutler & Cerami, 1989). IL-1β is also a multifunctional 

cytokine that has been implicated in pain, fever, inflammation and autoimmune 

conditions (Dinarello, 2002). High levels of these cytokines elicit number of 

physiological effects including septic shock, inflammation, and cytotoxicity (Garlanda et 

al., 2007; Sánchez-Miranda et al., 2013). Thus, inhibiting the expression of cytokines in 

macrophage cells is very important during the anti-inflammatory response. 

Chaga has been used for its medicinal properties throughout history in many parts 

of the world. Numerous scientific reports have investigated the chemical composition and 

the biological activities of Chaga from various geographical locations. However, no 

previous study has utilized chaga from the United States of America. In this study, the 

results showed that different extracts of Chaga sclerotia collected from Maine have 

significant anti-inflammatory activity on LPS-stimulated RAW 264.7 cells. The 

inhibitory effect was through a decrease in the production of the NO and a down-

regulation of TNF-α, IL-6, and IL-1β in RAW 264.7 macrophages; there was no effect on 

cell viability at a concentration range of (50–150 µg/mL). The results also showed that 

phenolic extracts obtained from different extraction methods have different anti-

inflammatory properties. All samples made by the accelerated solvent extraction method 
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and conventional methods significantly reduce the level of NO. The results also showed 

that ME extract did not affect the NO production at any concentration. The inhibitory 

effect of Chaga extracts could be attributed to the content of phenolic compounds and 

DPPH scavenging activity. Phenolic compounds have been largely recognized as natural 

molecules with potential antioxidant activity. It has been demonstrated that oxidative 

stress can activate a variety of inflammatory mediators that contribute to the 

inflammation process; oxidative stress inhibited by compounds with high antioxidant 

activity such as phenolic compounds. Previous studies have also reported that alcohol      

extracts of Chaga are rich in polyphenolic compounds that possess strong antioxidant 

activity and can protect cells against oxidative damage. Such extracts have been reported 

to attenuate inflammation reactions and decrease the production of inflammatory 

mediators in 264.7 macrophages.  

Previous studies have reported small phenolic ingredients as a main constituent of 

alcoholic extracts of Chaga that contribute significantly to the antioxidant activity. 

However, no reports have examined the anti-inflammatory effect of these constituents 

using RAW 264.7 cells. In our previous report, we increased the extraction of phenolic 

acids from Chaga by optimizing an ASE extraction method. In this study, we investigated 

the NO-inhibitory activities of small phenolic ingredients in stimulated RAW 264.7 cells. 

Our results showed phenolic acids affected different inflammatory mediators; some of the 

compounds tested did not affect the production of NO or the expression of the 

inflammatory cytokines, while others had a significant effect. For example, both VA and 

SA did not alter the production of NO and the expression of TNF-α, IL-6, and IL-1β at 

any of the examined concentrations. However, PA, PCA, and CA significantly reduced 

the production of NO and attenuated the expression of TNF-α, IL-6, and IL-1β at all the 
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examined concentrations. This is in accordance with previous studies, which 

demonstrated anti-inflammatory properties of PA, PCA, and CA (Juman et al., 2012). 

However other studies have suggested that phenolic compounds with only one phenol 

ring—such as the tested compounds—have less of an anti-inflammatory effect through 

inhibition of cytokine production; it has been hypothesized that other mechanisms might 

be involved in the anti-inflammatory action of phenolics (Miles et al., 2005). Our results 

suggest that some of the small phenolic compounds present in Chaga might play a vital 

role in anti-inflammatory activity. 

Previous evidence demonstrates that polysaccharides from many sources have a 

variety of therapeutic effects including antioxidant and anti-inflammation activities. 

Polysaccharides in Chaga from Russia, China, and South Korea have been reported to act 

as immune-modulators and possess anti-inflammation properties from in vivo and in vitro 

studies. In this study, we examined the chemical structure of crude polysaccharides 

extracted from Chaga tea, in both powder and bagged form, collected from Maine, USA. 

We evaluated the anti-inflammation effects of these extracts using LPS-stimulated RAW 

264.7 cells. The yield and chemical characteristics of the polysaccharide samples are 

summarized in Table 1. The results indicate that more components of Chaga could be 

extracted from the powder form than from bagged form. For example, P6 yielded 30% 

polysaccharide containing 17.56% carbohydrate, 10.23% protein, 4.12% uronic acid, and 

17.61% phenolic content; while B6 yielded 17.33% polysaccharide containing 11.81% 

carbohydrate, 7.23% protein, 2.84% uronic acid, and 8.33% phenolic content. Our data 

are in agreement with previous reports suggesting that more bioactive constituents can be 

extracted from different raw sources in powders forms than other forms. We attribute the 

higher extraction efficiency to the greater surface area of powdered form, which allows 
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better penetration of the solvents to target analytes and thus higher extraction efficiency. 

The results show that the crude polysaccharides of Chaga extracts in both forms have 

high phenolic content, indicating that these phenolic compounds are bound to 

macromolecules in Chaga such as polysaccharides and melanin. Chaga contains high 

amounts of water-soluble macromolecule pigments known as melanin. The dark color of 

the extracts suggests that a relatively high amount of melanin is present. Other reports 

also suggested that crude polysaccharide extract from chaga have melanin and melanin-

associated phenolic compounds.  

Our results demonstrate that crude polysaccharides obtained from both the 

powder and the bagged form significantly inhibit LPS-induced NO production in RAW 

264.7 cells. We observed higher NO inhibitory effect of polysaccharides obtained from 

Chaga tea in the powdered form, in comparison to those in bagged form at the same 

concentration. Polysaccharides obtained from the powdered form significantly inhibited 

the production of TNF-α and IL-6; however, none of the crude polysaccharide extracts 

obtained in either form altered the expression of IL-1β. However, since the extract is 

crude, it contains high values of phenolic compounds and melanin, which may contribute 

to the anti-inflammation effect of the extracts. 

4.5 CONCLUSION 

With increasing interest in research on the health-promoting effects of Chaga 

(Inonotus obliquus), we have shown here that Chaga collected in Maine, USA can exhibit 

significant anti-inflammatory properties against LPS-activated 264.7 RAW macrophages. 

Our results suggest that ASE extract and Chaga tea extract obtained from powder form 

may be a promising method in the development of new anti-inflammatory supplements. 

Thus, intake of Chaga as a tea might help to attenuate inflammatory reaction. The data 
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also showed that the metabolites in Chaga such as phenolic acids inhibited NO 

production in macrophages. 
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APPENDIX: OVERALL CONCLUSIONS 

To our knowledge, there has been no prior study that optimizes extraction 

parameters for phenolic compound isolation from Maine-harvested Chaga or assessed the 

effects of the extraction methodology on anti-inflammation benefits. A simple, precise, 

and accurate HPLC method for the simultaneous quantification of five phenolic acids 

extracted from Chaga was developed and validated. Using base and acid hydrolysis 

conditions, with and without AA and EDTA protection, we determined that the majority 

of phenolic acids occur bound to the cell wall components of the fungus. Thus, a 

hydrolysis procedure is required to allow for maximum extraction and quantification of 

total phenolic acid content. The study also highlighted the protective effect of AA and 

EDTA on phenolic acids during acid and base hydrolysis. 

An Accelerated Solvent Extraction (ASE) based green extraction method was also 

developed to obtain Chaga-derived phenolic compounds. The response surface 

methodology (RSM) was utilized for optimizing parameters relative to the extraction of 

phenolic-rich extracts. Maximum TPC (39.32 mg GAL/g DW) and DPPH scavenging 

activity (76.59%) yields were produced when an extraction temperature of 170 °C and 

ethanol: water composition of 66% were used in phenolic compound recovery. 

Additionally, the total phenolic acids content of the extract was increased at these 

optimized conditions, supporting our findings of the previously mentioned HPLC work. 

Chaga extracts produced under several extraction conditions also resulted in 

varying degrees of phenolic compound isolation, which subsequently affected the degree 

of anti-inflammatory benefits. This finding confirms that the bioactive advantage of the 

fungal extract may be attributed, at least in part, to some of the phenolic acids within the 

Chaga extracts.  Therefore, Maine Chaga demonstrates potential for therapeutic value.  
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FUTURE WORK: 

As an outcome of this work, other future studies became evident and are cited 

below. 

● The extracts from different extraction methods require further 

characterization to identify the amounts and types of phytochemicals 

present in each, which most likely resulted in different extraction models 

for TPC and antioxidants. 

● The extracts must be characterized for individual TP to determine if the 

phenols are acting alone, synergistically, or additively to impact 

(negatively and positively) both antioxidant and anti-inflammatory effects. 

●  The crude extracts of Chaga contain carbohydrates and minerals 

along with the phenolic compounds, necessitating further purification to  remove 

these impurities for further studies and characterization of individual phenolic 

compounds. 
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