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Abstract

Traditional Chinese medicine (TCM) has been in use since ancient,times TCM is consumed directly without
going through the extraction and purification process, several components are difficult to digest and absorb, such as
cellulose, hemicellulose, and lignin. Some fungus (e.g. Ganoderma lucidum) can break down timsdetdifte
components in TCM, allowing the beneficial elements to be released more easily. As a result, these fungi had been studied
and utilized in TCM research and development, Chinese herbal cosmetics development, and Chinese medicine waste
utilization.After Ganoderma lucidum ezultivation with various TCM, however, the degradation process and culture results
may change. As a result, more research is required to understand the culture patterns of Ganoderma lucidum when cultivated
with various herbal mdicines. Ganoderma lucidum was cultivated with varied doses of ginseng root, reed rhizome, and
kirilow rhodiola root in this experiment (3g, 5g, and 7g). The changes in fungal biomass and the amount of medication
residue left in the medium were compared studied after multiple days (3 days, 6 days, or 9 days) of incubation. The
results showed that tH@anodermaucidum ginseng culture was superior @anodermaucidum phragmites, while the
mycelial growth ofGanodermalucidum was weaker in the rhodmlsystem. Electron micrographs showed that in the
Ganodermducidum ginseng culture, there were many mycelia attached to the surface of the ginseng powder, slightly less
on the phragmites, and none could be seen on the rhodiola. The cellulose, hesé;aliudblignin were most degraded in
the ginseng system residue, followed by phragmites, and least in rhodiola. This may be the reas@eafardéenagrow
bestin the ginseng system.
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Introduction biotransformation, constituting &ulture combination
called a fungous substance containing herbs or

Ganoderma luciduris a 2,000/eass old Chinese hetb  medicinal mycoplasm. Its Hlirectional nature is

The Pharmacopoeia of the People's Republic of Chineeflected in the fact that the medicinal matrix, wehil

includes Ganoderma lucidurm{Leyss. ex Fr.) Karstand providing the nutrients required by tHengi, is also

Ganodermasinenseof the family Polyporaceae (National influenced by the enzymes in tlfiengi to change their

Pharmacopoeia Committee 2015). tissues and composition and produce new property and
Both traditional and modern Chinese medicineflavor functions(Zhang 2005).
recommend Ganodema lucidum for its beneficial Many studies have been carried out on ligeid

immunological effects, which led to its inclusion in the culture of Chinese herbal medicines usitiganoderma
United States Pharmacopoeia(United States Ilucidum(Xin et al, 2018; Peekt al, 2019; Huet al, 2020)
Pharmacopoeia 3Bational Formulary 34 2016). As a Moreover, the mycelium, a liquicultureproduct of fungus,
fungus that is both edible and medicin@anoderma also possesses various pharmacological activities and has
lucidumis available in both fruiting body and mycelium been used both for clinicaletatmentHsu & Cheng 2018
forms and can be cultured in solid and liquidture In particular, the production conditions of mycelium in the
Therefore, it can perform incubatiowith other fungusGanoderma lucidunare easy to control and richer
traditional Chinese medicines, forming new researchn polysaccharides. At the same time, cellulose, lignin, and
directions such as secondary development of traditio other components are lower, facilitating human diges
Chinese medicines and new drug developnightainget  and absorption. Therefore, it is prepared into medicines or
al., 2021; Wanget al, 2020). Thesolid culture of  food supplements.
Chinese medicines has been used for ages. For instance, Previousliquid cultureof Ganoderma lucidumvith
more than a millennium ago, the ancient people in Chind CM have mostly focused on changes in the post
usedsolid culturetechnology to pepare red yeast, Shen culture product (mycoplasjnand promoted the release
Qu (medicated leaven), pinellia, and agarwd@ttang of active ingredients in the mycoplasm throulguid
et al, 2021). In the 1990s, Zhuangt al, (2004) culture (Xin et al, 2018; Peiet al, 2019; Huet al,
proposed the concept of “Hirectional fermentation” 2020). However, it should be noted that the same fungus
which led to the modernization ofolid and liquid with different culture substrates will not give the same
culture of traditional hinese medicingdZhuanget al. resuls, and the processes and products that result from
2004; Zhuang 2010; Yet al, 2007).This b-directional  the use of different herbs ar@anodermamay also be
culture refers to using Chinese herbs or residues withdifferent. Relatively little research has been done on the
specific active ingredients as a medicinal substrateulture conditions themselves, the interaction between
instead of the conventional nutritional substrate and théhe herbs and th&anodermathe consmption method
addition of selected strains of bacter@r fungi for  of the medicine, the description of the growth process of
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the mycelium, and, in particular, there have been verResults
few studies on its causes. For these reasons, three

herbaceous and woody herbal medicines: ginseng rod&omparison

(Jiaet al, 2017; Hswetal., 2013), reed rhizome (Ningt
al., 2017; Wuet al, 2019),androot of kirilow rhodiola
(Wanget al, 2015; Cuiet al, 2016), all of which have
had undergone studies fiiquid culture with fungj were
selected for comparative study. The objective tioé

of Ganoderma mycelia of three
Ganoderma lucidum TCM liquid culture systems The
morphology and mycelial biomass ailturedGanoderma
lucidum were compared and analyzed between the
experimental group with Chinese medicine and the control
group without Chinese medicine. The sample groups were

study is to analyse the changes of medicinal mycoplasiycubated with 3g/bottle, Sg/bottle, 7g/bottle of ginseng,

and their causes in theulture systems of the three
herbal medicineswith Ganoderma lucidununder the

same liquid culture conditions to provide a basis for thé[

alternative herbal properties. Thiss required to
investigate the role oGanoderma lucidunn the liquid
culture of herbal medicines, and to provide an insight
into the performance and causes &ingi-herbal
biotransformation.

Materials and Methods

Materials: The culture fungusof choice wasGanoderma

rhodiola, and phragmites powders, respecfivédr 3, 6,
and 9 days (Figs.-2). Due to the small size of mycelium
n the rhodiola medium, it is not easy to distinguish it from
he residue, thereby the small amount of mycelium is not
shown in the figure.

When compared with the control group, the
mycelium pellets of liquidcultured Ganoderma lucidum
mycelium with ginseng are firmer, smaller, and more
viscous (Fig. 1).

Furthermore, the dry weight @anoderma lucidum
mycelium with ginseng is heavier; that the mycelial
biomass of liquidcultureis large, and that the biomass
increases with time (Fig. 2). The addition of 5g/bottle of

lucidum (G. lucidum, cgmcc 5.0026), and the herbs ofginseng seemed to be more beneficial to the growth of

choice were ginseng rooP#nax ginsengC. A. Mey.
[P.schinseng Nees] expressed as ginseng beJoweed
rhizome Phragmites communigrin. [P. australis(Cav.)
Trin.], expressa as phragmites belgyandroot of Kirilow
rhodiola (Rhodiola sachalinensisA. Bor. [Sedum
sachalinensis(A. Bor.) Vorosh.], expressed as rhodiola
below). Solarbio's cellulose, hemicellulose, and lignin

Ganoderma myceliumycelia.

Differences in mycoplasmic composition of the three
culture systems:We further compared the changes over
time of the medicinal mycoplasm in the three traditional
Chinese medicine culture systems with different
concentrations, including the quality of the residual

assay kits were used for the detection of total sugar, glucosegdicine residue afteéncubation(Fig. 3), the content of

xylose content, cellulose, hemicellulose, lignin, etc.
Methodology

Liquid culture process ofGanoderma lucidumChinese
medicine Prepared PDB liquid cultures and divided them
into 250 ml conical flasks. Took 500g each of ginseng
rhodiola and phragmites and crushed in a Chinese her
grinder, passed through a 1&@sh sieve, and then added
to PDB culture at the dosages of 3g/botlg/bottle, and

o

starch, glucose, and total sugars present in the medium in
the culture system, and the content of xylose, cellulose,
hemicellulose, and lignin remaining in the medium in the
Chinese medicine residue (Figs. 4 and 5).

Changes in the quality of the three herhl residues
after incubation: The mass of residual residue of all
ree herbs decreased with time through the liguiture
Ganoderma lucidumbut the level of change varied
significantly (Fig. 3). Among them, the quality of ginseng
residues was the dst, followed by that of phragmites.

7g/bottle. A total of 9 bottles per dose were made angphe quality of rhodiola residues was the highest. It can be
repeated for three times. The bottles were then sealed agden that during the liquidulture process,Ganoderma

sterilized at 121°C for 30 minutes. TB&anodermastrains

lucidum degradation was most visible with ginseng,

were incubated for 3 days, 6 days, and 9 days. The relevaglilowed by phragmites, with rhodiola showing the mos
experimental indicators were measured, each group wagegligible degradation.

measured 3 times, and the average value was taken.

Determination of Ganoderma lucidum mycelial
biomass The Ganodermaherb medium was centrifuged

Changes in the content of mycoplasmicarbohydrates
and lignin in three Ganodermaherbal culture systems:
Generalizedccarbohydrates include solubleg. glucose and

at 4800r/min for 5min, and the supernatant was pouredsoluble starchqind insolublesaccharides (e@nsoluble starch
back into the corresponding conical flask. The precipitateand celluloseyhich are an essential nutrient in the medium

was poured into a 4fhesh sieve, shook, and rinsed with

for Ganoderma lucidurmycelig and the quantity contained

water to wash away the medicine residue and residud equally an essential factor in its growth and development.

medium. It was freezdried, and after ging, the dry
weight of the correspondingGanoderma lucidum
mycelium was measured.

Scanning electron microscopy of pharmaceutical
residues After freezedrying and spraying with gold,
the surface morphology of theultured herbal residue
was analyzed using a Carl Zeiss EX® scanning
electron microscope.

To determine whether the addition of different herbsleavou
cause facilitation or inhibition of the utilization of sugars in
the system, we compared the starch, glucose, and total sugar
contents in the culture medium. We tested the cellulose,
hemicellulose, and lignin contents in the remaining residue to
determne whether different doses of the three herbs would
affect the medicinal mycoplasm (including the culture
medium and the components of the drug residue) during the
cultureprocess over time (Figs. 4 and 5).
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Fig. 2. Dry weight ofGanoderma lucidum mycelia different Fig. 3. Changes in the residues of the three hecblilre
culture systems with varying amounts of herbal medicine andsystems over varying dosage and time
time cultured

Figure 4(a) shows the variation of glucose content in th&he absorbance values were calculated to show the influence
culture medium over time after inoculation @aroderma  of the glucose content of the medium by the variation of
mycelium with ginseng, rhodiola, and phragmites. Theherbal dosage and time in the form of bubble plots (Fig. 4b).
addition of different types of herbs causes different levels ofhe total sugar, glucose, and xylose contents and the
utilization of glucose byGanoderma lucidugmas shown by cellulose, hemicellulas and lignin contentgxpressed in
the difference in colour after chromogenic reaction (Fig. 4a)oubble plot{Fig. 5).
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e The glucose contentn the culture medium with
ginseng and phragmites increased with the addition of

AL » - LB B i herbs and decreased with the increase in the number of
TUn A 2 3 |0 % o days of incubation as seen by the conversion of glucose
: 80 :éjg Qo 9 203 absorbace values, which is consistent with the control
Wiy | (A o 5l i changegFig. 5b). There was almost no change in glucose
-9 “ =z £l 3o 122 over tim_e. in the rhodiola system. Compared_ to the control,
@i W st 4o o [ the addition of different herbal medicines increased the
Sl s & glucose content, with the additiaf ginseng increasing
;é 2l 3 ) the glucose content the most, followed by rhodiola and
SEiurl@ @ phragmites increasing glucose content the least.
r_:ﬁ: Z| 5|Q@ Qo o] The Dxylose absorbance value conversion showed
L@ ) that the Dxylose content decreased with increasing days
™ = = of incubation with bothginseng and phragmites was

(b) Incubation Time (day) almost no change in xylose content with the addition of
rhodiola (Fig. 5¢). Compared to the control, the different
Fig. 4. Glucose variations in the three herbalture systems h e r b-Xylese Epntent added increased, with a relatively
over varyingdosage antime. large increase in the -Rylose content of ginseng and
(a) chromogenic reaction of glucose at different herbal dose rhodiola and a small increase inlose in phragmites
incubation times; (b) conversion ofigbse content into bubble plots. compared to the control.
Semicellulose, and lignin are lower in ginseng.
Different herbs have different "preferences” for thecan be seen that mycelium in the ginseng system uses the
use of carbohydrates in the culture medium. The totahost cellulose, hemicellulose, and lignin of all the
sugar content of the systems containing ginseng an@hinese herbsThe next highest plant is phragmites, and
rhodiola increased as more herbs were ad@féegl 5a). the lowest is rhodioldt can be seen that mycelium in the
Conversely, the total sugar content decreased with thginseng system uses the most cellulose, hemicellulose,
increase in the number of days of incubation. Theand lignin of all the Chinese herbs. The next highest plant
transformation of total sugar absorbance values wats phragmites, and the lowest is riel.
consistent with the control modifications, as can be shown. ) ) )
The total sugar content oféhphragmites system did not Analysis of the causes of differences iculture systems:

change significantly. Compared to the control, the glucosg 0 dcortnhpalr_e t_r:je stl?tes of tZTfe d|f§aren(tj herball ”?gd'c'”es
content increased withll herbal addition, with the total under the liquid culture conditions ianoderma fuciduin

. ; . . . we analyzed the residue of t@anodermal CM systems
sugar increasing morén the ginseng and phragmites

”» A after 9 days ofliquid culture by scanning electron
systems In contrast, the_addmon of rhodiola system microscopy. The results are shown in Figure 6.
showed almost no change in total sugar.
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Fig. 5. Variation of sugars, lignin, and hemicellulose for the three heultatesystems with varying dosage and time
(a) Total sugars; (l)lucose; (c) xylose; (d) cellulose; (e) hemicellulose; (f) lignin
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