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wAM, EBAE Y, Fhra ! mEE L AREE L RAHR, TR

(1. LM E F EHE TR ARG, M 350002; 2. JbRi R BE B2 4 2, JbaT 100038)

W OE: BW R ESARERE N R, AR SRR S AR, FRARAL AR B A, PR AR U
REZTFIEHT R Y 28k (Ganoderma lucidum polysaccharide peptide, GL-PPSQ,)bRfERE S agffi . J53% 3k
FE RO AR (435 (high performance liquid chromatography, HPLC), R T AR IT—%%F GL-PPSQ, i/ #k4T
FERAHT, RIRBIRERK-FYME KRSy, F5H1%(thermo gravimetric analysis, TG E K 4r, ik 14 -
B JH A 45 B % 1 (inductively coupled plasma-mass spectrometry, ICP-MS)Jl 5 14 Fffi LR, Tizs-K
A1 8157 (headspace-gas chromatography, HS-GC)ill & i 778 B i E Ay W 2 98A) . HHEE L(B).
BUCRRE(C). MEBARE 1.(D) 4 HA I 18 GL-PPSQ, 17 EH. LR GL-PPSQ, & fHIKIK
i C (97.38%)>A (96.58%)>D (96.02%)>B (95.15%); #5435 4: B (0.29%)>D (0.18%)>A (0.15%)>C (0.07%);
ZeFRER N C (1.81%)<A (2.63%)<D (3.20%)<B (4.05%). i HIEPRBAE Lo 240 A 2 ¥
SARNES GL-PPSQ, ARUERFE i il £ J50KL

KR A2 WAL AR A e, R R

Effects of residual impurities on certification of Ganoderma lucidum
polysaccharide peptides under different cultivation methods
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ABSTRACT: Objective To select the Ganoderma lucidum fruiting body under the best cultivation conditions for
the preparation of Ganoderma lucidum polysaccharide peptide (GL-PPSQ,) for improving the purity and reducing the

residual amount of impurities according to the certification of national standards. Methods Area normalization

method was used for quantitative analysis of the main component based on high performance liquid chromatography
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(HPLC), the moisture were determined by Karl Fischer (K-F) method, ash content were determined by thermo gravimetric

analysis (TG), 14 kinds of trace elements were determined by microwave digestion-inductively coupled plasma mass

spectrometry (ICP-MS) and solvent residue was determined by headspace-gas chromatographic (HS-GC); the certification

of GL-PPSQ, obtained by 4 kinds of different cultivation conditions including Juncao layer frame cultivation (A), Juncao

covering soil cultivation (B), adlay husk layer frame cultivation (C) and short-segment wood covering soil cultivation (D)
were obtained by mass balance method. Results The purities of GL-PPSQ, were as follows: C (97.38%)>A (96.58%)>D
(96.02%)>B (95.15%); the yields were as follows: B (0.29%)>D (0.18%)>A (0.15%)>C (0.07%); and the residual
impurities were as follows: C (1.81%)<A (2.63%)<D (3.20%)<B (4.05%). Conclusion It is advisable to choose the

Ganoderma lucidum fruiting body cultivated in short-segment wood covering soil cultivation or Juncao layer frame

cultivation as the raw materials for the preparation of GL-PPSQ, standard samples.

KEY WORDS: Ganoderma lucidum polysaccharide peptides; residual impurities; certification; cultivation methods;

mass balance method
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R ¥ [Ganoderma lucidum (Leyss.ex Fr.) Karst.]7£
(ATHE)Y hoh LA, 2REEGRBFERG T
. R Z £ B Ik (Ganoderma lucidum polysaccharide
peptide, GL-PPSQ) 2R ¥ FEIGH M2 —, BAZ
P2 HVE U AR 2 sty 43 th a5 Hy s uhr . 2
BEDIEPERM R R 2 ZHRRGE M . RZ 0. 160
BT B A AR I B B SE, RRERIE I g R
PR EATAE 2 SO IR AR R 2 22 W KBS v i i {2
K, XPARRIRSE 2 AR ROk R 2 T SR i A 2
WHRK B 218 T B A7 3 T o b, X0 R 2 T b o
PTG I A RILE R R L S S0RAE 65k 6E
A BOHRES R T, T e R 2R
GL-PPSQ, J&— il [ 1% 35 5] HAHXT 25 5 it e FR (R A1 R}
MR, i GB/T 15000.3—2008C ARufERE & TAEF N (3) b
HERE S B (B — RN A Ge itk ), SR A & P Al vk X
FLOfifE JEA TR, BOXRE S S A 22 B (K 4. K4
EFIER B A TCHLIC R SR T 0T, TRV 100%
K FLANBRJE BN BE S Al BES -k T A LR
PR H, R DR DT @ 1, 2, 3, 4-DU4R
SRR I 2 B 1, 7 Ak U OUR R OB 5 1k A
AR TSR B AU RE D 98.48% JET I, ASBIFTERS
AFEFRE TR ANFEFRR R R 2 IR &R0 4 4
RZZWEIRBSERE BT 44, SR Pt S i ks v 2R
2 ZHEIRAE AR E B e, S R 2 2 IROE (kPR A
Fedh o AR 2 F LR FORHR R AR

1 MR5ERE

1.1 #R5RFA
PEPEEA 5 AT A SCEEIR 15 45 1 #5 (hazard analysis

and critical control point, HACCP)H![E FREX B IAGE A Bk b
FIEAVRE, R 2 FE T R TR 4 4
(A.B.C.D), 733l ki BAS R 2 AR (AR 2 4, —
WIFEIR) . RRASRPE 1R (AR R+, =W T).
BTSSR 2SR B (R AR 52 )2 48, 7 T3 3ok i 5 7
AT i BEAR R (R AR B £, #R AT, SRl 4
HEARZ WA FMEEE, HIFWw, TEAE, ol
(TR AR R 2 79k . R K 55 5 Bk
M D5 i i 6 o

SHTHIR . CFEAREEA . BUT BENAR . IR, RIR- 2%
W (ke FEEBRTOAR); Zo0RKMERER R 2A
[10 pg/mL, #t5: 4-163MKBY2, 4R (Ag). (Al f
(As). Pl(Ba)3F 27 FITEK]. WiR[HitS: 23-170VYY2, &
BA(Bi), £%(Ge). H(In). #H(Li). $&(Lu). £#(Rh). %i(Sc).
F(TOLE(EE Agilent 231]); Jo/K NaySOL(43Hr4t,
iR =R A R A D .
1.2 UFE5E%

Thermo scientific iCAP RQ H,/BGHA45 B TR i %
(G EZEIR R R BHL AT, 7697A THZS - M @8 (& H
Agilent 23 &]); TG209F1 #4543 H7 {8 (5 = 1if 9t 2> =),
C10SX R IR 2R 43 D 2 A (i - A )y - FE ) 22 4R 14T,
Waters 2515 4R FEIT 2489 484NN R = AR (B (35
[E Waters 23 )); TSK G4000PWy; 434300 mmx7.5 mm,
17 um)(HZAX TOSOH Z+7]); 5% Carbowax 20M/Carbopack
(80~120 H) 2 mx2 mm BEESH:(FEE Sigma 2AH]); CEM
Mars6 fii M i A (AL s ZE B A BRA |
1.3 XWFE
1.3.1 =Pkl

Jo A R — R B Sl T, AR S
HE <[] R — AR AE D) o F AR R, R T e R
22 W R 20 B b ) IO (L, A3 1 SSOROH i T AR — 3k
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W5 R 2 ZHERE R AURE, RIR- SR BEAR LI 2 K 7,
TS -SORH TSR I S VA TR B, DR L R 5 55 B A5
1% (inductively coupled plasma-mass spectrometry, ICP-MS)
g ez M, S SMHT i (thermo  gravimetric analysis,
TG E RSy o A RIS R 5 e, BT AL
FRAS LR A . (A (DT
Pup/%=P X (1-Xy-Xw-Xz-Xc)x100% €8

P Pyug WAEREEEER, %; Po b RZ SRR I M/ 4E
BE, Y% Xy ATE IR, %; X HKAY, %5 Xa FWIKGE, %3 Xo H
Mt IT R, %.
132 ZREHENS AT

KRR 2 ZHEAK 1.0 mg, HI S ER 2
10 mL, WWGELE 0.22 pm JEES FATLIE R €3 25 1
TSK G4000PWx; f4i%FE(300 mmx7.5 mm, 17 pm); i shA
>4 0.1 mmol/L Na,SO,, %ii#: 1 mL/min, #FFEE 10 pL, %8
SN 280 nm, AR 35°C, i£4T 10 min,
133 WMEAEHAT

PRI i [ (AR bt T SO T A I RE TR, I 10 mL il
M2, INSEACE 1 h, BERERETE, Fi RGO A AR AR R 4D
BRIEATIF A RGBT AR 25 AN 3 1) o K T PR R T A P 7K
Firh, 300 WA B S min, FKERZE 50 mL, RAIH
H, FEHEE A, H 1% RS 2 0 2 K EFR R
2A FINFRIZFABER K 10, 20, 50, 100, 200 pg/L Y
TR,

JRIESAE: BRI 1500 W, RAEEERE 10.0 mm; 4
By MBI R )W 0.4, 0.8 L/min; 555§
AR 15 L/min; A28 W05 ey HEEiR
JE:20C; FHliTr A BRI,

1 WUBHBREN
Table 1 Microwave digestion conditions

7 LR °C T LA ] /min i P s} ] /min

1 120 5 5
2 150 5 10
3 190 5 20

1.3.4 ZH KRG

FEAMTTAREE: B 100 pL FE S SOBUT B bR T A
T 500 uL B FIAs /MY, 56 EREARAER, R B
FRIE, RS, AR, BL0.01 mg/L ZFEEFRUEVAWE 100 uL &
BT EEAFR TAEWR 500 pL /R4 s BRI &L, J3HS B
JREETE 100 uL B AT WEPIAR TAER 500 pL fEA%s HEE A,
Fi ER AR SR A TR A

FESIISE : KA S BT T2 [ S ERE R L 4L |, T
25 A SRR A sk, dERE, TiZS B ShiltRERS S5 A
TNHFTIREE: 65°C; @ BIEEE: 105°C; fEHLRIRAE: 110°C;
SFPEFRETA]: 8.5 min; FfSIHUIMBCEM T E]: 10.0 min; ##
SrOBUMERTE]: 0.10 min; 2R SRS [A]: 0.10 min; x4k

FROEAFIFE]: 0.05 min; BEEERE: 1.00 min, HF R 2 24
TR 45 U A b R BRI IR 288, Fr MY E 22
R S (A 5% Carbowax 20M/Carbopack
(80~120 H) 2 mx2 mm HHEEHE; WILATEE 70°C, LA 5°C/min
FBFETHEZR 170°C, 1£4% 5 min; SEFERE 150°C; #&:0)
AHREE 250°C; BN EAIASR, 4 =99.999%; s
4~8 mL/min,
1.3.5 RoFaKoyatt
FREL 10 mg R 2 ZH AR S A 3BT s
W, PUMHTIREESE RN 35~970°C, FHEMZE 10°C/min; =,
S0 EhAliZE R, 60 mL/min, ELEENNE A HAIR A RO,
Z 1 GB 5009.3—2016 & &2 E R Tk
SyRINE ) B IR ROR-FRIRE, B bR R OK- BRI
MERES . WEESE, HEEMF KO &R,
14 HIEALIE
{87 2017 WX Excel A1 SPSS 19.0 ZFREA7Hcd 404, XF
BRI TR R 22000, L P<0.05 /1 22 5 BT

2 HR55H

21 “AEMNELSER

SEYGAR SR 2 0, APRUEBURE 3 0y, 36 £y, WA mIFR
EH—AbE Rl BT 4 PRy sk s R 2 2 MK 3 S
AR LE R A (99.19+0.026)% . B (99.17+0.018)%. C
(99.18+0.026)%F1 D (99.20£0.021)%, 7= FLik R EEE,
HilE LERE, FAahRUIERE il 220K
22 WERENEER

PLEFRIETO R B SR R AR (X, ng/L), LA R
(BRI AEFR (N2 hilARE 2, THR% 02 A AR R Y i it
W HE T LN 5 R B AR 2 R B (r), Z5IR I 2. 14 P
TLETE 10~200 pg/L LMETEBINLM R RAF, MR
r’=0.9983, ¥ H K 0.000~0.8970 ng/mL, 4% HFKBHi% Ty
LR . AT, W T RZ ST 14 FfiaR TR .

PR TT R M E LSRN 3 iR, ARFESE TR
Z WM 14 AR TR & RAEAE 3 25 R (P<0.05), I
R R/MERYCH: HEBRE > 528> >
TR BTSSR MM E TR S TR
B, Lt 4@t R Ba SEEE. Pb. As. Cd Al Hg
LEEFEEMA L RIS ENE, LRmKNEL
TR EREE | BigRdk . WA R R A4
HIFEHCR A HACCP X&AMAaHE EZIAT08T, FHH
SERSHIIE, X TR R METTE SR RIRE, 4 Fs
FHRFERZ LN 14 MR OCER, A HA BT
B E 4B JCEK Pb, As, Cd Fl Cu /N T 0.1%, 1
BB it 2 R T Z A
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x2 M4MPETRETHFERE LR
Table 2 Regression equations and limits of detection of
14 kinds of trace elements

JLER BIEY:¥ R*  Kzilf/(ng/mL)
H(Li) Y=55.4761X+56.6669 0.9998 0.8261
Bi(Be) Y=37.39.5X 0.9999 0.0000
HE(Cr)  Y=4765.9043X+1981.8283  1.0000 0.1071
£i(Co) Y=8981.9789X+165.0013 1.0000 0.0077
BL(Ni)  Y=2393.3581X+2053.5058  1.0000 0.1258
H(Cu) Y=6405.7470X+5769.6822  1.0000 0.0366
fifi(As)  Y=459.2184X+105.0006 1.0000 0.0680
fi(Se)  Y=9.6544X+1.6667 0.9993 0.8970
FR(Ag) Y=15915.9705X+226.6690  0.9983 0.0086
BH(Cd)  Y=2145.5139X+158.3348 1.0000 0.0161
Hi(Cs)  Y=7982.1569X+101.6673 1.0000 0.0029
Hl(Ba) Y=1693.9089X+2641.9517  0.9998 0.1695
H5(Pb)  Y=25863.4736X+4839.2781  0.9991 0.0053
HLV)  Y=4435.5008X+735341 0.9998 0.0079

#F3 TEFHEFN GL-PPSQ, M E T ZMEL R (n=3, mg/kg)
Table 3 Determination results of trace elements in GL-PPSQ,
under different cultivation methods (n=3, mg/kg)

e WEZER et SRR ABORE L

(A) (B) ©) (D)
#(Li) 0.5986  0.5689 0.2074 0.1608
5% (Be) ND ND ND 0.0254
#(Cr) 2.0210 4.0522 8.9517 2.3797
£l(Co) 0.1206 0.3752 0.1538 0.1089
R (Ni) 1.8858 3.8958 6.1193 2.4825
Hi(Cu) 44454  6.6997 4.4231 9.2984
fifi(As) 0.7244 1.8385 0.0205 0.0348
fifi(Se) 0.2743 7.3094 0.2272 0.1491
HR(Ag) 0.0593 0.2722 ND ND
H(Cad) 0.4377  0.8597 0.2198 1.1503
#i(Cs) 0.5158 0.1235 0.3108 1.1380
1 (Ba) 113700  18.4524  70.8809 87.9328
#5(Pb) 2.7612 6.3067 2.7542 23061
V) 0.5114 0.3484 0.0957 0.0159
At 257255 511022 94.3635 107.1829
HAE®/%  0.0026°  0.0051° 0.0094° 0.0107¢

TE:ND: KA AF/NG TR B F 22 5+ (P<0.05), T,

2.3 RESMELER

T TR ARTER T IR T, 5 4 5 A S
it 5k A A 1 3% o A9l 1 EE (derivative thermo gravimetry,
DTG)/& TG HitZ X i B St [a] (i — B 45, DTG #hiZk g

T (R R B KU AH) 5 TG #0925 5 & Al X,
H. DTG £k it e i A8 55 2% BB 0k P01, 522 2 ik
L BT ZE TG 1 DTG FELIE 1| fige 4, Ak
O R ZEF I A5 2 1 R 2 2R Al S e s 5
K, AR R il £ R 25 22 Wh R At il i AR IR

M TG Mgk FrTLAE i, BE R TR, 222K
A3 AMFEMREAH, B KEANIEELER
35~160°C, FHELERN 7.19%, XF405H ] GES5HE 5
B ST . BA K AN R PR A Y 8k
BEEERENE R 160~350°C, TR EHRN 66.87%; 5
R A RN 350~500°C, PR E K 24.39%;
MIRPEELE S00°CZ IR, R2ZHHRM K E R LT A
AR, ATRE R TR R, B A, T LR il 2R
IR NG N = e < 1 A s = Y e e ]
Rrilb— 158 . DTG MLk BoRA 3 4> 320 2k Ffp Ko
W, 5 TG HhZn 3R TE SR ARXTY, HG AL 2k 5
E Lt R E IR R 08 A VS B O 73~85 . 269~283 .
432~449°C2 PR EE N 35°CREFTHIRZE 970°C, fitl
P 5% FE LD R KAy A, KA EE R AR 5, 4 Rk &
T R 2 205 IR 353 BT B % K 43 5 B W) A A B 2R
(P<0.05), B 2404k 55 5 5 BOR T AR B5 IR Ay AHAE, i
R RIS KAy B 2.60%, AT BB 5 25 5% i L - 4
iR OC RS HAA B ERD,

24 BRFERBMAKSMELER

REZHERAESRIC, 438 . aifbid i, (UHEET
IKATEK WG, B A LRI R R A E 2 L. I
FUFR A LSRG 5, 4 R 2RI H e B A A
FIBRER; JAARAE NG R 2 2R RIBR A N 0.2% A4, H+
I SENT 0.1%, Al ZAT .

IR E A 2, R IR - 3% AR (Karl-Fischer)
R —Fh . 5EETEREAMLL, RR- RS TERE
TR, [ Sh R R, DR R N AR, R A F
TRNEZHIR S KL RN S, BAREK T
JEHREE, R R ZROK A TE 1%UF
25 FREYEEERE

AFFRRE TR R ZHEMEE | 24k m s R IR
5, RZZHEMGE S 5K R . Ko ot
B o P A I A 2 R B R S T
>4 BB >R R . R AR R T2
A KA T RESZ R 2 ZZERRRE SRR RS I, K 4 AR T
FH PR B B R R 2RIk vk B
SRR T 2R, AT A A AR AR R 2 20
JIRFE S 2= 0% B, RO EE M vl REAFTE U NS 5, B+
For R 2 ZHE KT REAATE S 2 MR K TIRER], FBUK - K&
VR R T R AR Y,
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Table 4 Results of synchronous thermal gravimetry
TN REH/% R H i JGHUR AR /°C
1T
REHH 1 REHH 2 REHH 3 REEH 1 REHH 2 KREGH 3
BHEJZZE(A) 7.98 70.74 19.54 77.8 282.8 445.6
W+ (B) 6.89 65.45 25.05 82.4 269.0 448.4
BA5E)258(C) 6.90 68.08 24.50 73.9 278.5 432.1
HEBAB (D) 6.98 63.22 28.45 84.4 282.4 446.2
%5 AEHEAR GL-PPSQ, RIZEEMEELE R (%)
Table 5 Impurity residues and certification results of GL-PPSQ, under different cultivation methods (%)
Feb g K5y Koy iR ITT R el F= I % B i FEHZE R
R ZE(A) 0.73¢ 1.68° <0.1 0.22 2.63 96.58
5 1(B) 1.45% 2.60° <0.1 <0.1 4.05 95.15
B 5e)24L(C) 1.09" 0.52¢ <0.1 0.20 1.81 97.38
H B A (D) 1.68° 1.52% <0.1 <0.1 3.20 96.02
SN RMAME T AER B =T, KT AR ST,
3 4 LUSEARY . SREETH AR IR (BRI . —Le B ARl

P Sk A (A ST, 2ok A b, e
25 SRR, PRI F R 2 & R R 2 2Ot N &
B, WEEARRAR S R AR 2GS . R TR
JEORHCE BEA L B 7S R R R 2 T2 5Ok, AR )
5y B PRI AliAb T, A5G 4 R 2 LRkal, HR
A3 R TR 1 (0.29%)>48 B AR 1 (0.18%)> T H 242
(0.15%)> =7 ZH(0.07%) . 55 fH SR AT, |
PR BOARTE + sl R R 2 A0 R 2 T SRy R 2 2K
ali bl e RURE, MR R ALK, R, AR L

KA TCE (ash element)IRFRHICER, R2Z LKA
M. &, A, BT RU A, K. TE

JE AN WUEF K 20 /N T 0.1%( Z 0 A HHP 1 B IR 4 A
0.159%"7), ABIF 5T Hh3RAS 1 3 2 S M KA Ko T KR =1,
KRBT 0.5%. 4 4IRS RE K v, £
AW HTEARER: H— R R ki, 5, K.
ARA o, R o R A E SR, IR
FH A 3 Tu R RN o [ S v PR d ) SR 3,
HFIRNIKSY . Rt 3 AR B R S0 [ &
PR A MR TR AR R & R 2 2Rk
GL-PPSQ, & &0 MK 2 e, s, #f . . &
RS, BRI B S R A
AT A 7 R ARAF I R 2 2B KL AL B pk A R

%ﬁﬁ%ﬁﬁﬁmiﬁhﬁ%ﬁizzﬁ%%@#mﬂﬂ,
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