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Study on a new technique for the treatment of Ganoderma lucidum spore powders using

ball milling and y ray irradiation

QI Hui CHEN Liang WU Xiaofen ZHANG Yong DENG Ming WANG Keqin
(Hunan Institute of Nuclear Agricultural Science and Space Mutation Breeding,
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ABSTRACT To improve the wall-broken rate and polysaccharide content of Ganoderma lucidum spore powders,
a combined treatment of y ray irradiation and ball milling technique was used. Two-factor tests were conducted using
the absorbed dose and the ball milling time as the test factors. The morphology and molecular structure of the
Ganoderma lucidum spores were characterized using scanning electron microscope and Fourier transform infrared
spectrometer tests under different treatment conditions. The results showed that when the absorbed dose was higher
than 4.892 kGy, or the ball milling time was higher than 1 minute, the absorbed dose and ball milling time had
significant effects on the wall-broken rate and the polysaccharide content of the Ganoderma lucidum spore powders,
with the ball milling time having a greater effect. In addition, there was an interaction between the two pretreatment

methods, which significantly affected the wall-broken rates and the polysaccharide contents of the Ganoderma
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lucidum spore powders. Furthermore, the optimal wall-broken rate of 97.18% and polysaccharide mass fraction of

13.230 mg/g were achieved when the Ganoderma lucidum spore powders were irradiated at 15.231 kGy with a ball

milling time of 5 min. In addition, under these treatment conditions, the complete oval structure of the Ganoderma

lucidum spores was almost completely broken. A small spike was observed at 1 456 cm™, and a double peak was

observed at 1 652 cm™', which were completely different from the unbroken wall spores.

KEYWORDS v ray irradiation, Ball milling, Ganoderma lucidum spore powder, New technology of wall-broken
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Table 1 Effects of y ray irradiation collaborated with ball milling on the wall-broken rate of
Ganoderma lucidum spore powders

T EREER ] Ball milling time / min
Levers 0 1 2 5 10
Wz A5 0 0.000:0.000° 7.63042.267°  38.670+0.272°  49.340+2.730°  82.570+9.904®

Absorbed dose / kGy ~ 4.892 4.643+1.124°
9.957 4.507+0.361°

15.231 6.630+0.406"

19.913 6.530+1.835°

9.195+0.388°
12.700+0.523°
16.500+0.352*
15.780+0.422*

83.325+4.471*
87.330+4.055°
98.840+0.373°
99.337+1.148°

66.395+1.806°
81.680+3.394°
97.185+0.809°
96.825+3.681°

47.050+3.193¢
46.260+2.170°
73.140+2.162°
77.825+3.084*

E: FSIAFR/NG T RERR A FIRISGR B R 253 8% (p<0.05). [,

Note: different lowercase letters in the same column mean significant difference at 0.05 level under different irradiation dose. The

same follow.
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K2 RZATHBERWUARTEZDIR
Table 2 Two factors (absorbed dose and the time of milling) variance analysis of the wall-broken rates of
Ganoderma lucidum spore powders

J7 ZRIE T # A H F1H BEEER

Source of variation Sum of square of deviation  df’ F values Statistical significance
WIS Absorbed dose 6 192.774 4 181.877 o

BREE AT 7] Milling time 88 443.370 4 2597.517 ok

22 H AR ] Interaction effect 3 564.616 16 26.184 o

% % Error 425.615 50 - -

T R RORZI R G ZE R EE (p<0.0D. TIH,

Note: ** mean that the variation of this factor causes significant difference at 0.01 level. The same as follow.
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Table 3 Effects of y ray irradiation collaborated with ball milling on the polysaccharide contents of

Ganoderma lucidum spore powders (mg/g)
2 BREEIN (8] Ball milling time / min
Levers 0 1 2 5 10
WAL 7H1) 0 5.524+0.313¢ 6.589+0.056° 7.202+0.051¢ 8.612+0.118° 8.633+0.127¢

Absorbed dose / kGy 4.892 5.971+0.242°

9.957 6.070+0.284°
15.231 6.489+0.069*
19.913 6.591+0.143*

6.829+0.131°
8.304+0.480°
9.830+0.025*
9.485+0.217"

8.853+0.106"
10.096+0.133¢
12.687+0.393*
12.214+0.157*

7.878+0.138°
8.737+0.130°
10.102+0.132°
10.175+0.249*

8.885+0.012¢
10.000+0.164°
13.230+0.282°
12.915+0.821*

RABIH T y 5 2R 48 BEAS [ 77 o 45 B A 7] B[]
(1 R B Kb B IS 1) R AR R i A =
£ 0~19.913 kGy 7 Bl N y ST 2w i Ab B, %o R 27
TRt EAEREmEA KR, ¥/NT0.01%. 1E0~
10 min 5 Bl P (R BRBS AR B, il 5 B3R B B[] 1) 38
X RZAFRS EAER R, 10 min BREEALE
FE L 1 min BREE AL FRAE o, S AE IS 0 T 24

Fo R ATRE R BRI R AR, BT
WEEYBUEAL, AE GNP R BR B b
B g g A A, B — 2 B R 2R Rk,
WA R T B BRI R, SRS BRI AL B
10 min (A4, A AEE R, A2 Gk,
H Bt 5 O G KN .
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Table 4 Effects of y ray irradiation collaborated with ball milling on the peroxide value of ganoderma spore powders (%)

e8] EREERS ] Ball milling time / min
Levers 0 1 2 5 10
Ui e s 0 <0.010 0.01040.000° 0.053+0.001° 0.094+0.003¢ 0.243+0.003°
Absorbed dose / kGy 4892  <0.010 0.010+0.001° 0.052+0.003" 0.114+0.004° 0.26420.001°
9.957  <0.010 0.021+0.000° 0.062+0.002" 0.120+0.004° 0.334+0.013"
15231  <0.010 0.031£0.001° 0.062+0.014* 0.154+0.003° 0.351+0.011°
19913  <0.010 0.032+0.000° 0.062+0.004° 0.162+0.001° 0.352+0.010°

TSR R ZA 58 2 0SB R IT £
RGEER, B ERNFDHE, F, 4, 500 =
2250, F,,, (16, 50) =1.850. F,, (4, 50) =
3.720. F,,, (16, 50) =2.380, FHIWUI&E. Bk

R TN 18] 227508 3R 22 16 1 o B0 B R A A 2 R
HMEFAELZ LA, ZHAERX R ZH 785
BE R A A B R, L BRI Tk R
Rk

R5 RZETHEZRMEBNERGTELSTR
Table 5 Two factors (irradiation doses and the time of milling) variance analysis of the polysaccharide contents of
Ganoderma lucidum spore powders

T7 ZERIR JiZEM HhE F1iH M

Source of variation Sum of square of deviation df F value Statistical significance
WG Absorbed dose  125.949 459.667 ok

EREEI 7] Milling time 210.946 769.876 o

32 HA% i Interaction effect  24.213 16 22.092 ok

% 2 Error 3.424 50 - -

23 IRBEEyHEBRBNRZETFMINARTS
SREAD)
HE 1 (@, REdEMEEPRZRT, H

A EELRAE e U, EAGEE OIRES A, HaR
AHEZ XIS AK/NL, BB, XA

30KV 11 Omm

,i‘s\" ’9.}‘? N

RERERZMFHIETE ERNBARIER.
XHETD @ (b)), BREAFES min/G, 2R
ZHF I E B S MR, RE LI I H A B P A
BEFIANMEEE, RENLZHES, BB ZH#K
Frai, U B ER S AL B RE AR T R R R
T A -l BE 25 4

B3 ™ ;
3,06V 11 0 L) o

1 ARREAEFREMT R 2 /7R3 A &1 : (a) 0 kGy; (b) 0 kGy, BREE 5 min; (c) 15.231 kGy; (d) 15.231 kGy, BREE 5 min
Fig.1 Pictures of Ganoderma lucidum spore powders by electron microscope with four different treatments:
(a) 0 kGy; (b) 0 kGy, ball milling for 5 min; (c) 15.231 kGy; (d) 15.231 kGy, ball milling for 5 min
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SHEEE T (@) A1 (e), 15231 kGy #& B AL PR R
ZHFBOR TR G, B R R R S A 22
AR, B E e, EMETZIIRE,
Tiivi £ Wi zs 4, HATRima 12/ Ldim =,
XHE (o) F1 (), Xy LRI A& Bk A 21
RZMTH, BTMEBEEHILTEEHEKR, B
IR — BR B AL R (RE S TR 2 AN, il B
BN 4 i B 06 4 S dk — 20 iF B e R Ak B
LBk A3 2 18] B B R8O

24 HREZAERByHELEMNRZEFSFE
HRIZNE

AFAEEEA AT R Z AR LA WA 2.

Absorbance

1

L n 1 " 1 n 1 " 1 n 1 " 1 n
4 000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

B2 ARELLBGY N RZMTFROI LR A, 0kGy;
B, 15.231kGy; C, 0kGy, BkEE 5 min; D, 15.231 kGy, BREE 5 min
Fig.2 FTIR spectra of Ganoderma lucidum spore powders with
four different treatments: A, 0 kGy; B, 15.231 kGy; C, 0 kGy, ball
milling for 5 min; D, 15.231 kGy, ball milling for 5 min

TG 2 2 2% AR D, 5 B A B 5 R B R
R R WA R AR — .
2923 cm™\ 2853 cm " Ab LB RIS, ST H AL
—CH, ¥ H 3£ —CH, ) C—H 14 4 41§ 50 Wi Yi 0 @77
1 746 e I (1) S R WS 0, A2 I 7 IR P C=0 it
AiPRZN, VR R S UL IR R A B, RES
S IRE S, BEAR R B R, ULEH R EE (RIS TE 21
PTG 1652 em™ B S R 1 AF 448 % 31 R A
g B, R, B E A RS, 5227
AT 1076 ecm™s 1038 e Ab A& Kl FF P ik
C-O-C M e IS G, i BE R SRR, LAk U
SRPEAN . AR S R Z AT E 1 456 cm™
AL T NI, TE1 652 em AL, BRI, 5
XA %% P R R 8 BRER R R
TESA A BB 22 5, Ul W BBE R 5 AL 5 g B

2. Bk, ArRLE s 20561 i I e 45
R, Btk LU T R 35T R B EE A
T R O

RO NAFIML BT T 7 IR L LR

K6 ARAEFZMA TSGR LR
Table 6 Mean Ratios of absorption peak intensity at
four different treatments

teze 4RHAN TR AR B ISR
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