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Abstract: The effects of high-energy electron beam irradiation on the physicochemical properties and anti-
fatigue activity of cultivated Ganoderma lingzhi polysaccharides (GLPs) were investigated. GLPs were extracted using

the water extraction and alcohol precipitation method and subsequently purified through ion exchange and gel filtration

513#% K

HARAR, 28, M, 5 B T B T SRR IR N T R 2 2 B 45 40 7 b S L pis s 55 i R [0 AR i Rk
$7,2025,41(9):11-21.

XIAO Donglin, WANG Rong, WANG Huaihu, et al. Structural analysis and anti-fatigue activity of Ganoderma lingzhi
polysaccharides irradiated by high-energy electron beams [J]. Modern Food Science and Technology, 2025, 41(9): 11-21.

Wk HER: 2024-06-24 ; {EEIHHA: 2024-08-28 ; #EZ HHEA: 2024-08-29

E@WE: RASHETEMAITRIE (22JK0148) : MRAESFHEHFREMRIE (232Y016) : ARAMAERRBEEHFNE
FRmAE (JGQZ202303) ; RKITSEZERRMAAIFEEEI (CX12023-09)

fEEEN: BEK (191, B, WL, H#F, ARAE: AEHFS5EHEFRS, E-mail : 812616100@qq.com

BIEE: MEE (1970, &, WL, BEHIE, MRHE: FERFS5EEHERS, E-mail: 403133671@qq.com

11




MR B

Modern Food Science and Technology

2025, Vol.41, No.9

chromatography. Different doses of high-energy electron beam irradiation were applied to GLPs, and their physicochemical

properties were characterized using scanning electron microscopy and infrared spectroscopy. A rat model of exercise fatigue

was established through weight-loaded swimming, and GLPs were administered via gavage to verify their anti-fatigue effects. The

results showed that the weight-average molecular weight of GLPs was 1.87x10°, with an average particle size of 779.42 nm, and

the anomeric carbon was in the f-configuration. As the irradiation dose increased, the molecular weight and particle size of

GLPs initially increased and subsequently decreased, indicating a transition from cross-linking to depolymerization. GLPs

treated with 20 kGy irradiation was found to significantly increase the liver and muscle glycogen contents (by 31.37%

and 52.94%, respectively) while decrease the blood urea nitrogen and serum lactic acid contents (by 41.67% and 43.75%,

respectively) in fatigued rats. Additionally, the irradiated GLPs enhanced the endogenous antioxidant enzyme activity in rat

mitochondria and reduced malondialdehyde accumulation. Compared with the positive control (Rhodiola rosea glycoside),

GLPs treated with 20 kGy irradiation demonstrated superior anti-fatigue effects. Therefore, an appropriate dose of high-

energy electron beam irradiation was deemed an ideal method for modifying GLPs.
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Fig.2 Separation and purification of polysaccharides isolated
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Fig.5 Fourier transform infrared (FT-IR) spectra of
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Table 3 The impact of GLP and RGLPs on biochemical indices in rats
28 3 wRE/g FFRE 2 4% Bl 2 2% RIMARBAERE/(UL) AR REE/(U/L)
Q-CG 120.15+15.53  3.24+021  0.61£0.03 228.83 +10.57 51.15+10.14
E-CG 12442£1723  3.03+0.18  0.58+0.02 23335+ 14.85 45.56 + 8.28
UF R 12627+1252  3.02£0.16  0.56%0.02 218.89 + 11.74 53.32£7.73
GLP 119.92+11.17  3.53+0.16  0.57+0.05 228.93 +15.42 48.83£7.73
RGLP-1 118.89+12.21  3.28%0.19  0.52+0.05 219.26 +16.54 51.53£9.73
RGLP-2 12337+1243  3.54+0.14  0.61£0.03 22725+ 1447 55.85 +8.82
RGLP-3 12452+11.99  3.53%0.16  0.59+0.07 227.89 +10.91 54.83 £9.01
a l4r SR, PURRPUE ST e IR ABFRRIA,
120 = GLP & H&F+32 3% 55 K BUH 1 MG A1 HG 4 R 9
g 10F A AEJ1, (EERREFIRE RS, MEEE (20 kGy Al
@ 8 s il e R o I e 40 kGy) K fAEH T AR B A HL G I GLP, X MG
& or M HG M4 THRE g, AP ERIE, Fit
= 4 CEZ NS €47 Sl oW S iR e e
i it B 2 LR S K R PR HG A BRI % 40y
0"0.CG E.CG LR AT GLP RGLP-1RGLP-2 RGLP-3 31.15%, X MG & 2R FLN1557% 5 R
ikl Z BN HG (IR TH R L8 28.87%, X MG [H#2 T+ %
b o1 Y14 17.74%. ABFFCH, GLP (¥ HG & & #2 7+ %
B Y94 18.54%, MG A 16.67%. HILTT &1, HHE
2 | » ogn . TEIEZWARLEHE, GLP X HG &ML
E ol = RO = TEFELES, X MG S2MIRAERSE &MY, |
o5k x* = &, RGLP-2 Xf HG 127+ %y 35.59%, MG | Ny
¢ 1o} 28.87%, “HHMHET REM LT, HECRRT %
5r INESIES e N I%,ﬁ%%¥%%%&ﬁ,
9"Q:CG E-CG Z57H GLP RGLP-1RGLP-2 RGLP-3 REf AL GLP Xt HG f1 MG & &3 FHEH,
41 3] Tmfﬁﬁfﬁﬂ%,%%fﬁﬁﬂ%ﬁfﬁ@f
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Fig.6 The effects of GLP and RGLPs on the enhancement of FH3E (BLA) A =8%hH
MG and HG levels in rats
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Table 4 The impact of GLP and RGLPs on oxidative markers in fatigued rats
20 7| SOD & #/(U/mg) CAT 7&H/(U/mg) GSH-Px 7#&#/(U/mg) MDA 4% /(nmol/mg)
Q-CG 35.45+2.48" 18.85 + 1.96° 26.64 £2.07° 5.01 +0.25°
E-CG 14.42 +1.23° 9.03 = 1.08" 13.38 +0.87¢ 13.35 +0.85°
aFRHF 2229 +2.34° 15.02 +0.96" 16.36 +0.92° 8.82 +0.74°
GLP 19.92 £ 1.15° 14.53 £0.86° 15.82 +0.75° 8.93 +0.42°
RGLP-1 18.82 +1.21° 13.28 +0.59° 15.52£0.81° 9.26 *0.54°
RGLP-2 2331+227 15.54 £0.74° 16.36 £0.93 7.25 +0.38"
RGLP-3 23.07 £ 1.96" 15.53 +0.76" 15.59+0.71° 7.89 £0.41°
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