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Nutritional Characteristics and Protein Composition of Fruiting Bodies of Boletus griseus

BAO Changjun, CHANG Weidan, ZHUANG Yongliang, SUN Liping>l<
(Yunnan Institute of Food Safety, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: The proximate composition, monosaccharide composition, fatty acid and amino acid compositions, and mineral
contents of the fruiting bodies of Boletus griseus were detected and the protein composition of the mushroom was evaluated
by successive extraction. Besides, the nutritional value of proteins of the mushroom was also assessed systematically.
Results showed that the crude protein content in the mushroom was 28.22% and the glucose content was 258.04 mg/g. A
total of 17 fatty acids were detected, with linoleic acid, oleic acid and palmitic acid accounting for 35.91%, 28.46% and
24.50% of the total fatty acids, respectively. A total of 29 free amino acids were detected, among which, Tyr and Ala showed
the highest contents. Sweet amino acids and umami amino acids accounted for 23.37% and 12.69% of the total free amino
acids, respectively. The amino acid score (AAS), essential amino acid index (EAAI), biological value (BV), nutritional
index (NI) and score of ratio coefficient of amino acid (SRCAA) of essential amino acids in the protein hydrolysate of
Boletus griseus, which accounted for 38% of the total amino acids, were 71.88, 69.93, 64.52, 19.73 and 50.05, respectively.
B. griseus contained high levels of Mg, Fe, Zn, and Cu. Meanwhile, the toxic element Cd was also at a relatively high
level. Furthermore, albumin was the most prominent protein in the mushroom, accounting for 65.62% of the crude protein,
but the content of Cd in albumin accounted for 38.79% of total Cd. The molecular masses (m,,) of albumin and globulin in
Boletus griseus were identified by SDS-PAGE to be around 40 kD. Differential scanning calorimetry (DSC) results showed
the thermal denaturation temperatures of the two proteins were 125.04 and 75.04 ‘C, respectively. In conclusion, the results
indicated that B. griseus showed high nutritional quality, but its consumption could pose considerable health risk due to the
high content of Cd.
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AHERAEWARBFEE]ZENFHEH
P ERE, WHAREE, WedHmEs. o
T E R - R EEE QMW URIE A
X, BHHANMES, ANHE~ &S, MEL, 7%
RIS, Wit fEiE . ST, BAIMRESNAE N
fHo K¥4HH (Boletus griseus) J&THH T H W]
(Basidiomycotina) . Z# 4 (Hymenomycetes) . <=p
H (Agaricases) . A #El (Boletaceae) . LR EHE
(Boletus) , HIRTUIR, HHITFRH N “BRAER"
FEREFESARE TG W), =, KE4 T
ARG, PR, X E, AN %
AR —.

XTEAE B R I 24 B TR D REPEEAT 73 AT RO
MEEHBER—MFARS XETEEEHRENE
HPAE O R EC R NCd, Py He, AsZPHA
BEEZBEEEEH: HECHEWMEZ, HEES
HEZh. HEEZH (FRed4 | FEORER.
VI VRS AEYTEIEIRT, AT AE S YR R
JUZ IR — L B S s B AR, Rl AT B R Al
1, PIEEAEE 22 W, AREUA . IR EETS G 3R1e KAt &
BRI T o S RE 2 B A A A R o R £ R
&, RRBAETACHFFRHESE M. EFRM
DR (8 2 M 55 77 T R B 9T o 20 AR 20 I B )
FERNZ VAT T ERTE, I B AR A R A3 B A3 A
e FLrl . MRIDTIR . = EEMR IR, BB R o J
EERAAE R, FERHE B BUE FRME AT IR, DU
NI A A IR B 56 R R B A3 Bl

1 ME5HE

1.1 MRS

T K A A R AR H = B A R T AR OK AR B A2 1
Lo Yy, WY ESEETSE, IR/ EE
MGG JE = (07 Sk . HIBRFE S R B &y, Je)a
RRBIKAEB A KIE G, VIRAETER, vHERm,
40 B, fffF TR TR

1-2R 56 -3- B L -5-nE M pk R (3-methyl-1-phenyl-
5-pyrazolone, PMP, i4li) , D- (+) - #jHE.
D- (+) P3N, L-WEWE. L- (+) -BTRifasE.

D- (+) -PIVERERR . D-K¥E. L5k, D-H RS
PEbRAE S EESigmalF]; WM. O GNE
Tafi ) 2 [E Merck /A &

12 AR5 &%

LGI-12E A RTIRN  JEaUR a2 R R
HIMRAT; TDL-40BEE.LAL il E Rl 23 A R
AT TU-1901840-FT WG 6 E T PRSUR T 6 6 RE T
b 57 Al AR A PR TR A R 1260 & BORAH &
WA FEEAgilent AR ; QP2010 Ultra™ AH (il - i
WAL HASEAF; NOVA400PJF I i
A EEEREAE; L-8900%& I AT HAH
SLAHE]; DYCZ-2SERUHIKA AL AN — R A IR
AF]; DSC 214 Polymaf 25 /R H i B AL 7 [ firf
UIFNEIR
1.3 ik
1.3.1  FEARR I E

KA EEME: Z%GB 5009.3—2010 (£ fhF K
e Y —k, SRUEFRE T HKSEENE:
Z#GB 5009.4—2010 (& MK EY 5 HEHA
SEIME: %GB 5009.5—2010 (£ &4 & = F
SED) s MEW & &ENE: Z2%GB/T 5009.6—2003 (£ i
R EIIE Y 5 RSy MLEE B A A 2 LT
JREF 2 R R AR, 4R Dimg/g T
JRETE: BoOKEY S EE N T

K ED & R=1— CHE AR K5
132 FUREA R E

SR FIPMPA: 1 A7 A= - T 5B iy I 52 B g A
YERRFRELO.1 gfE S T 10 mL 6 57 g3 /K g & b, i
A2 mL 3 mol/L=9R LR, B T110 CHF KM
4h. KIGEHRFHTpH 7.0, EZ 55 000 r/minEs L
10 min; B E3EW 1 mLAI A1 mL 0.5 mol/LJPMP & 1
1 mL 0.3 mol/LEJNaOH¥, 21570 CH7A4E30 min;
JINT mL{#0.3 mol/L i) b Ry AT Fh A K IR &9 H
10 mL U ZEH3 IR BRFIR IPMP,  HU B JZ K AR
AT R AR L 23 A

Ky 2 4. KK 250 nm; AN E R R
1.0 mL/min; EHHHANIS% ZJE+85% 0.05 mol/LH%
PR 220 (KH,PO,-NaOH, pH 6.9) ; JiziAiBN40%
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ZJE+60% 0.05 mol/LEFRZE MK (KH,PO,-NaOH,
pH 6.9) ; BAFEVEML, 0~30 minH0%~40% B, JFf1}
FF40%%57B 10 min; BEFEARFA20 pL. B Fp 5005 1) & &
Pmg/g T & it .
133 iR 4L €

R IRIEIR RN, FER R A ER i 7ESREHS
BRI JE I PRI T0 mL R -9 BBV (2021, WIV)
2mLIEc%E, F90 C/KIE4s A BEIL30 min. ¥ %15 H 1E
O AL, B R RS T KPR R 108, B Rig
Ji, SRR i -5 i 4 Hr
134  SERARS T
1341 B E R 4 Bl 2

WERIARERO. 1 ghE il T 15 mLE O, IIA10 mL 5%
SR OREW, WAEERFHFELD h, 10 000 r/min
B010 min, U EEBOE RS, R HILL-89002 FE 1L /)
BT AT 26 BRI 43 BT 2R Ge Il e L Ui B8 R R R A 1k, &5
Phmg/g Tl it
1342 KRG IFERR A R &

YERRRRELO.1 gFE 5 T-15 mLBE i SR K SR v, N
6 mL 6 mol/LERIRIE, BT 110 CHFKM22 he /KfE
GER AR SR N H G R F50 mLE LA, R pHIE A
2~252 08, THRZE25mL, B4 mLAKMR10 000 r/min
010 min, B EJEBIIMEG, SRA H SZL-8900% 34 2 73
YK fif 8 7 B R G0 5 HoK iR R R A A, 45 SR LA
mg/g TR
1343 SRS ENNE

Z#GB/T 15400—1994 (Tl ip L BRI E ik 4
SRR, HERRARELO.1 g T 15 mL A 5T 3 55 /K 7
Erh, MA10 mL 5 mol/LEAMMER (F5% AT
) . BT 110 CHAKMA20 he KRG RAF &R H G
R RS0 mLES.OEH, T pHERT.0, EAES50 mL,
5 000 r/min 250010 min, 3 O X — B &R L B gV T
WK590 nmAb b e AR S &, 45K Dimg/g TR
w=it.
135  EHAREFRMEN

RIEWRIES (amino acid score, AAS) . W FEE K
iz 6% (essential amino acid index, EAAL) . ¥t
(biological value, BV) . E7#¥5%L (nutritional index,
ND | &I ELE 2 %4> (score of ratio coefficient of
amino acid, SRCAA) 43542 /8 SCHR[7-9110 J5 1A 3E4T I 52
FPEoy
13.6  H RS =T

AEFIFRIN0.2 g 5 T-50 mL=4f)fH, HIA10 mLE
R (V (EAER Vv GHER) =1:4) , HIZwdw,
ZJa s /ANEFF R EHEEE AW, FEARE
i W B R T A, RWLI2~3 mLJE A 10 mLZ% &

TR T M B LMAER 21 ~2 mLiEk, EXE
250 mLERFZF SR AR . FH R T 98 kI 7 B Hg
AsErE, JETRBOEIEOGN EPb, Cdy Mg, Fe. Znfll
Cufrit, 4R LimgkeT HETl.
1.3.7  EEJRHAS T

AR AL HE S BB B HERRREN ghf
fis IIN20 mLEEHUAT, VRE SR, R 1
PEEUA T FEHCKE. PREUET R WL, ISR AMEREA
164 CHM T, HAEZEAE TR, =BG ER
A955 000 /minB.0015 min, W LIEW, RAHPLIKER
FE R A .

#1 EARASWESRERBTETE

Table1  Extraction of protein fractions with the successive extraction methods
diviy JRIUAT PRI SREUR [Al/min
HEA K 2 60, 30
HEA 0.5 mol/LEAL AT 2 60. 30
FEREA 55% 5 VAR 3 60, 30, 15
REOEEA 5% NEHEERI0.6% 2-5iHE ZBER 2 30, 30
N pH 108 £h 2% i 10.6% 2-5ii &
REH ZIEHA0.5 molL A fLAVAT 3o 0301
N pH 108 R 2 piA10.6% 2-5
BEE St R P s

1.3.8  JHEREMBREA D T EN T

WAL 37T RINMIEEAMRER, 2k
Ja R UR R, SR T T B R B - 2R D 0 TG i
i #3k (sodium dodecyl sulfate-polyacryl amide gel
electrophoresis, SDS-PAGE) ™, 10%7 B . 5%k 4E
R, & H i ER-250 94, 109% 51 -20% R M
@, HEERAFKWNHEW.
13,9 JEHEEFERE A PRI E

WL 7T IRINTEEAMRER, 454
R, AREC—E BRI G T 2R E O B,
W& ZH G, UWSHRERNSE, o Cm#iE
250 'C. JHREZE Y10 K/min, FERERETREN
20 mL/min,
14 gt

A LI RT3 K, MESR U EsFRoR.

2 HR5S

2.1 KA BB R s sy

£2  RBTFENEARERES
Table2 Proximate composition of B. griseus
ERAR - %) &R AN MY BKLED EZRmeE
o REMD REMS REMS REMRS REM%  (ng)
TR 88.1220.04 28224041 2444017 7602014 61742024 7742031
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FHER2 AT RN, 7 6 A4 A B T S [ 7K 4 Jo i 43 4
NB88.12%, At A RF R MK & EA " &
IR THENEEE IR 2 —, K4 o &
F R H0ON28.22%, 1 T WARRE & B b 0P 46
S DL S A B P SR A T R €0 I R R A A
FFB Y KRR G B BUN2.44%, RAK T2 s
HIRFEFE 25 5 MK R HUNT.60%, 55 & HE—
;o BRA, KA B T SR R R K AL B ) T S HOR
LS B HIN61.T4A% T 74 mg/g. WAk b, IKHSHF
WEAEEA. KAEER .

22 TR B BRE LR BT

R3RBAE R R R
Table3 Monosaccharide composition of B. griseus

B HER REE CHUBRR WEE FUR AR RRE MR
&R (nge) 4833 569 2898 25804 919 256 593 ND

VE: NDRKH .

WR3FN, K7 FheapEdal sy, Formiam s R
. N258.04 mg/g, HUGRHEENE, Jv48.33 mg/g, AHE
FRBUC, BTRAREARR . eah, I B
PR TR & S =, 928.98 mg/g.

2.3 AR A R IR 4 A 43 H

F4  IRBTFEPRRBRAR (5EHRER)
Table4 Fatty acid composition of B. griseus (relative to total fatty acids)

i i B A 2 AR % JIg 07 B A 25 A %
JUREERCo. 0.01 WIHRC 5.0 35.91
+ T BRERC 1 0.02 TR Co 0.41
T ERC L 0.41 T4 R Cap 0.21
T FHLEREC 50 0.66 T ZFRIR Caps 0.15
KRR C 160 24.50 e .7 O 0.06
FEREHRC 6. 2.88 L #TR Cang 0.86
A IHEEC 10 0.48 REETHFZC,u0 1.09
FEHERRC 7 0.20 LRI I I PR 31.91
FEHREC 150 3.70 22 AN IR 17 1R 36.95
TIRC 4. 28.46 LN 31.34

BTN, MR I R AR R R A B A T A 32
SRR TR LR T I RATT A, A AR A I B SR
17 FRIGHTER, WIMER. WERAERRE AR & B S,
S HE R M 135.91% . 28.46%F124.50% . T3 ER it
WA AT o S s IR TR, HOW MR & A Bh T8
AT R AT AR AN, KA RE RS
R Z ARG R, X5 Kalac" 7T 45 31—,
24 BRI B R R IR BR AL A T

Ui 5 2 B R 2 BT A T B AR R VR

VR . EHFSTEE, A 2E BT I B I R R 2%
b %, FLRH29 F, MEKN36.16 mg/g, H P

A’ (Tyr) SGEfm, N7.90 mg/g, HIKEHAR
(Ala) , 54.60 mg/g. FHRZ LR (Thr. Ser. Glyfl

M

Ala) FIEEBREIERR (AspFIGIu) 451 5 i 55 s LR
[1123.37%F112.69% . FKHe 2= I B BRI e = v
CL AR A B AR TR SE R A A L 4B L2 TR R SR R
FRFENY, ABACT 2 F A . Ak, KRBT

BRI 5 A R B 4l )L R A A A R RN AR 4

S
£S5  KBTFEREEEERAR
Table 5 Free amino acid composition of B. griseus
aum o | omsm G| amm FE
Asp 1.82 Leu 0.61 P-Ser 0.51
Thr 1.12 Tyr 7.90 PEA 0.37
Ser 1.86 Phe 0.17 a-AAA 1.84
Glu 2.77 Lys 0.92 a-ABA 0.27
Gly 0.87 His 0.65 b-Ala 0.38
Ala 4.60 Arg 2.26 b-AiAB 0.17
Cys 0.20 Pro 1.06 g-ABA 1.40
Val 1.15 Orn 0.54 EOHNH, 0.72
Met 0.36 Taurine 0.37 Hylys 0.13
Tle 0.70 Cyhthi 0.44
£6 BT IFERIKBREERAR
Table 6 Hydrolytic amino acid composition of B. griseus
FIERME 8/ (mgg) AEERFE i/ (mg/g)

Asp 22,01 Tyr 6.43

Thr 11.98 Phe 7.87

Ser 12.15 Lys 12.68

Glu 30.79 His 5.67

Gly 11.12 Arg 14.26

Ala 17.64 Pro 12.64

Cys 2.45 Trp 6.93

Val 12.03 TR A 219.15

Met 9.31 Wit AR 83.99

Ile 8.99 %%;%;g@/ 038

Leu 14.20 CEAYdSS

ARSI 3 — 20 X I 2F I B 18 FlOK R A S R
AT E . HEROAT A, KA KR RS
HN219.15 mg/g, HHPHAMR (Glw) S E&m, N
30.79 mg/g, HEEEIR G EN14.05%, S53CER[15]3RIE
FAABL. MR 1S FR M B L FRER RIS,
AR E, KA B ol TR R S R
MR N0.38, B TPV IE 150.30,  Heisn
HARE A K.
2.5 DA B I L SUCE FRAME VRN 2 b

MR A 2 i I R BE B A A, 3 — DX A T i
JREBAT 0. WIERTHIR, KA B SEk B R
AASHT1.88, =T WEHEEAAE., &usAlEA
FEPY, B AAS LRI AE 25 T 1 A58 1 PR i 2 B R
AR MhAh, KR R B RV Bm, A
T DL A5 2 2 R A T 258 1 BR e R B R
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Table7  Quality scores of protein in B. griseus

R AR Wi
Thr 106.13
Cys+Met 119.06
Val 85.26

Ile 79.64

Leu 71.88
Phe+Tyr 84.46
Lys 81.70

Trp 24557

AAS 71.88
EAAI 69.93

BV 64.52

NI 19.73
SRCAA 50.05

EAALR TP & & AT M5 &, BEseEn
100, UiHHEYIE A SR A RREET, BRI EM
Be JHE I TSR R AR MEAALR69.93, & Ol
TE RS R . AR SE kA AT R Y, BVERREH
THACTRISUE BRI IR RE, SR e 2 A R A A S ) F 72
FERRE, KB BV A64.52, YT kA ™
A A — 2% W A 3 . NS B E T /PR
FARME S SRMLFHRERAR2 MK, NIEL
10 U6 W 2R (178 R B i, KA 2 BF B N 19.73,
IR, ek AR AT YL R — e e
SRCAAR /R AR AR AL B #i 1%, SRCAA
BEIL100, B AR AR K-S HEFE R U S IR A A
— 8, R IEER T AT TTRR RO . KB A AT R
SRCAA}50.05, T LA EF A
2,6 KEFIFHEIT R GR S REO

®8  RKBEFEGT RITRSEMT

Table8 Mineral elements and their contents in B. griseus
W Rt G/ (mg/kg)
Mg 983.824+26.79
Cu 31.85£0.97
Fe 188.894+9.36
Zn 123.424+2.81
Cd 13.22+0.54
Pb 0.65+0.14
Hg 0.10£0.07
As 0.4040.07

A SR R RAUKE N E EMME TR, F
B E R — g H Mt R, WAs. Hg. CAFIPLPY,
R8T A, Mg kit SRR ENILE, S8
4983.82 mg/kg, T LARTHIRIE", HUKEFe. Znfl
Cu, 5Liu YuntaoZ: 0 vt 6 76 5 5 Fft 25 BF BT i 76 K 1)
s A —3. Mg, Fe. ZnFlCusd Nk 7 &
M EICE, B, K4 AT DR A FRix s 0 77
RN RGEVRE. A, KEFHESA RS GE
JLZAs. Hg. CdFIPb, HArAs, HgfIPbA & &K T H

FIRERRAE, (HRCAS EAX R, s [ 5 R 2 AR
#E, RPN CARA IR EEER, BRAH
FE R R, 7 2L 5] EAL

2.7 KARERTEE AR

£9 KBFHEFLERARASS
Table9  Protein fractions and their contents in B. griseus
%
Gy EEA HEA ERER FERER FREA AEA
BAREMD 656024357 16001009 397H018 0562010 2062016 910015
CAREM 3879127 30872214 8304089 8474093 1L02E101 2042008

K% Sk R R R 2 T KA A R A A
B, RPN, HAEEAMESE0R S, N65.62%
HIRRERERA (16.00%) MABEA (9.10%) , HAbK
AN T 5% H 5 AR 072 LRI EZRE,
BTN A, A & (O B S TR
HEMEW, KEFHE TSR PEEASREEES T
PetrovskaZs P/l 5 () JURP A= P, H 5 A i & A g
WA REAMY, R KE I E 7 SR8 AR R R
B HREBIRME L R T Cd e B iE, MARASIC
SRPEAT TIE, WEEAMBREADCAR &S B,
5390 938.79%F130.87%, 1B IK 45 4 B R 1 Cd 3= 2247
TERNE VI, 5 B — D4 L U VR A
2.8 JHEAMBREAS TR

Marker a b

adiEM: bIREA.
F1 HEH4A5KSDS-PAGERE
Fig.1  SDS-PAGE pattern of protein fractions

K FHSDS-PAGE & i & A FI Bk (1 1K 73 1 & 4y
i, WELFR. HEAHSES, 7580, 60, 40 kDA
30 kDT A B 4k, 40 kD& Bl b Bk A
1640 kDR A3 N4k, HRIW A, EERAMBREA
MCAdE Eim. AR, &N T Ok A &2
BTk . Meisch ™ K FRE %% 2 HUH —FhCd 4 &
H, S TREL12KD, FREEPIMICK PRI T 57 R
N4 KDICAZE A H . ik, KEFF#EMEE M
BREE AR 4 v Re B B I CAW Bt e /g, 7R Bk
— 5.
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