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Background and Objectives: Ganoderma Ilucidum is a medicinal
mushroom renowned for its diverse bioactive compounds with significant
cosmeceutical potential, including kojic acid, phenols, and polysaccharides,
which exhibit skin-whitening, antioxidant, anti-inflammatory, and
UV-protective properties. This study aimed to enhance the production of
these valuable metabolites in G. lucidum mycelium using cold plasma
technology as an elicitor.

Materials and Methods: G. [ucidum samples were collected from the
forests of Shasht Kalateh, Golestan, sterilized, and purified on potato
dextrose agar (PDA). The mycelia were treated with 24 distinct regimens
across three cold plasma types: Jet, Surface Dielectric Barrier Discharge
(SDBD), and Volume Dielectric Barrier Discharge (VDBD). Bioactive
compound production (kojic acid, total phenols, and antioxidant activity
via DPPH assay) was quantified. The top 15 performing treatments were
selected for further analysis of 16 extracellular and intracellular secondary
metabolites. Relationships between treatments and compound production
were evaluated using exploratory factor analysis.

Results: Analysis of variance (ANOVA) revealed significant differences
(P < 0.05) in the production of kojic acid, total phenols, and intracellular
antioxidants among the treatments. Based on these metrics, nine lower-
yielding treatments were eliminated. Factor analysis identified two key
treatments: S-L (SDBD in liquid media) for the intracellular phase and V-S
(VDBD in solid media) for the extracellular phase. The S-L treatment
demonstrated strong positive correlations with the synthesis of astaxanthin
(r=0.95), ascorbic acid (r = 0.95), and polysaccharides (r = 0.88). The V-S
treatment was strongly correlated with the production of betulinic acid
(r=10.93) and ganoderic acid (r = 0.88).
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Conclusion: Cold plasma treatment is an effective strategy for eliciting
enhanced production of high-value cosmeceutical compounds in G. lucidum
cultures. Specific plasma treatments selectively increased the yield of
target metabolites. These findings suggest that optimized in vitro culture
systems supplemented with cold plasma elicitation could serve as a
viable alternative to wild-harvested mushrooms. Further genetic and
molecular studies are warranted to elucidate the mechanisms underlying
this enhancement.
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Table 1. Specifications of the applied plasma treatments.
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Figure 1. The effect of cold plasma on the concentration of kojic acid in the intracellular extract
of Ganoderma lucidum.
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Figure 2. Effect of cold plasma on the total phenol concentration in the intracellular extract
of Ganoderma lucidum.
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Table 2. Results of variance analysis of plasma treatments on secondary compounds in the extracellular
phase - Pre-test.

Sl e Sle Sl 6ol
P-value F S o e T
Mean squares Sum of squares Secondary compounds
0.000 3.706 1354.226 24 23501.430 laoy S o
‘. J g
365.423 50 18271.147 ooy S 05,0 s
Total phenol
74 50772.577 5
0.468 1.014 13.252 24 318.051 laoy S o
P K Lol
13.073 50 653.663 ey S 03,0 775
Kojic acid
74 971.714 5
0.000 10.495 907.536 24 21780.861 laoy S o
/ SlenST s
86.471 50 4323548 baos S 0305 i
Antioxidant
74 26104.410 xz

&l&)bwwdff@i /0 & LSLAJLA.:S
L 3 ai3sq 5V ) C_Lahp..a,;Jetplasma

Sloled Grmes oy azds b5 Y bl el

5 sl oS ol UL S0l Sllis s

Ayt Lo 0o mgml) S-L-8 L s s
Sl WY 5 (Vo mg/ml) aals Ll 3l 5k
S el (AVE mg/ml) b 2B Sl Sk
slasles C—L" bms 4 Ly SDBD L £ OLs

.(iJg.:v)b)\J ML}J@:"“)WOL}”‘)\;}'S‘%{’A‘&;JA)\Y‘\
120
E - ]
2 9w
g |
9 g0 b be
b bed 1
A A 60 -
g 3
L 140
g :5 de
% % 20 g
g g
0
S MDD PP OO BDOD D P PN O NN P DI D
O FFFF \ﬁep- :_-,9%9-4‘-‘:' AT WY WY WY Y Y S P e S BN
4:4-\4' o o =

(43.52) 0 po (Slowsdly (S8 ;Lo

Cold Plasma Treatment (min)

c‘g-&wﬂ_’.‘ Lé)éj‘f J}l«d Q’)"Jj 0)‘«4-9 JS Jﬂ QLL.L& z é,—» ‘5‘.«&}\4‘ ;‘—i JS«J
Figure 4. Effect of cold plasma on the total phenol concentration of Ganoderma lucidum extracellular extract.

YY



VELE Y 0)lowd YV 0,93 (K> 9 92 (55918 9 pole Sy @ b

G (128707) 0lenS| 5T Ao ys VL sl
(/.oA/Y) ul.i;— b G,LB 5 (LOoY/YY) sals o

sl 0l

oAl e ey lasles o g

S e DL Sl sbas O] S
Aoy SalS el 5 oails esSas S asleg
S-S-1) Wl aals s @ Cond OlAnST 2T

Extracellular antioxidant (%)

(%DPPH ) Joko 033 3 Ofanst 5T

80

70

60

50

40

30

20

10

0

" :

S

LI J-S V-S-3 V-S-1 J-L5 J-L-3 S-S-6

ab

L 0 I -] I
LT F S > ey

\'b}‘-;

5 & N2 P PP 9
9'\
‘\qu*’*

N %4%3 FRURVAVRY

(4853) 3y (Slowsdly (Sl sked
Cold Plasma Treatment (min)

3 P Lay3 58 J sl 5 0 slas Ol 1 ST A 33 3 5 pos glawsdly -0 S5

Figure 5. The effect of cold plasma on the antioxidant percentage of extracellular extract

of Ganoderma lucidum.
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Figure 6. Results of the factor analysis on the effect of V-S treatment on intracellular secondary metabolites.
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Figure 11. Results of the factor analysis on the effect of V-S treatment on extracellular secondary metabolites.
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Figure 12. Results of the factor analysis on the effect of J-S treatment on extracellular secondary metabolites.
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Figure 14. Results of the factor analysis on the effect of S-S treatment on extracellular secondary metabolites.
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Figure 15. Results of the factor analysis on the effect of S-L treatment on extracellular secondary metabolites.
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