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Abstract: The dissolution amounts of Ca, Fe and Zn in the cover powder and stalk powder of Lentinula edodes, the bioavailability based
on in vitro digestion model and the partition coefficient based on n-octanol absorption model were evaluated, and compared with the
corresponding coarse powder (all 60 mesh). The results showed that the water dissolution rates of Ca, Fe and Zn and the soluble Ca contents
were increased in the ultrafine powers from Lentinus edodes caps and stems (p<0.05). The soluble Fe contents in the ultrafine stems powers and
the soluble Zn contents in the ultrafine cap powders were significantly higher than those in the corresponding crude powders. The dissolution
contents of polysaccharide and protein-bound Ca, Fe and Zn were improved to some extents. The order of accessibility of the three elements in
gastric and gastrointestinal digestive fluids in vitro was Zn > Ca > Fe. The average accessibility of Zn in the ultrafine caps and stems powers was
80.38% and 86.77%, respectively, and that of Ca was 56.41% and 61.41%, respectively, while that of Fe was 13.46% and 22.17%, respectively.
In comparison with crude powders, ultrafine grinding powders resulted in significant higher Ca and Zn accessibility ,and higher partition
coefficients were observed for Ca, Fe, Zn from ultrafine stem powders powers and Ca, Zn from ultrafine cap powders powers (p<0.05). The
results could be the basis of product development of Lentinula edodes and Ca, Fe, Zn intakes.
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JEor iR 1.3.5 JEATHAEAIE Cay Fe. Zn &,
1323 WA AV B R &= RIE
BHEWR P . ORI 5.0 g0 i
D-101 KALWPIBAE, F 1%ASERAR LA 3.0 mL/min
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s, HEHANSERh SR TREE.

1324  EASE ST K21

%% KARADJOVA P05k fE o, i 1.3.2.2
SrEWIATESEW S mL, N 10 mL AERVE &5,
4000 r/min &0 10 min, F_E3EWL TN 5 mL #HB4EK,
RIS, SRR AL A B %8 1.3.5 #H477H
fEANMIE Cas Fe. Zn &,
1325 ZWELERIH & XGRS ERINE
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Table 1 Compositions of gastric and intestinal digestive fluids

HALIR ALY pH
Gl  125g B&AEE, 0.5g47RM8MM, 0.5 g4, 042 mL LB, 0.5mL 2B, 8.77gadks 25
Gl Hfik 0.175 g #fedy, 0.05 g & & 7.0

2 UETIERG
Table 2 Instrument working conditions

A& k¥mm  @Fmm  RUAE(L/min)  ITRA%  REES/mm
Fe 2483 0.2 1.4 95 7.0
Zn 2139 0.5 1.2 97 7.0
Ca 4227 0.5 15 100 11.0

133 &% F Ca. Fe. Zn L EAWTH A%
AMNHAIERI 2% ZHOU Feizhou 2524, JnLA
1B AT R 2 e 7 s BT (G F1B
Wtk (GD WANEL. G BB 2 IFRB Y Fat g6
FER 0.5 g, I 50 mL G kil (pH2.5), 37 ‘C/E
% (150 v/min) 2 h, SERMAANBIHIL. BHRsh B
TV pH 2 7.0, HibEg s, B EIEWR 5 mL AFA G
THARH, -18 CHRAFAFI . GI BB BURIAHY) (pH
7.00, WA 5 mL GI {6, 37 ‘CH=% (150 r/min) 4 h,
SERARINGTEAG . ANV A4, b
fitgre s, BB, -18 CIAAEFRRI. G AL GI
TGN 1 Bz BL G VEATRN GL B R2 Ex
M, %8 135 MEnREE. ETRHEE (%) &
NSNS TR AT R TR .
1.3.4 &% P Ca. Fe. Zn 8948 FIK
FLENH Ca. Fes Zn FORANRISCIN 2 R 1E 2
FEWR SRR, 239 LI Shun-xing 25230 bM& L. 1F
SRRSO 1) 4 K TR SEREALERAEK LA 1:10 fEL
BN A PERIRY 2 h, FEIE 160 r/min. B2}
H, BOLEREE 120, FENEEBMNK, B2
K ANEIRE . IESE RSO RSN B
i ISR AT ASFEM 1 mL 435300 50 mL 2§
O, AN 20 mL BEEEEANFIZKAT 1 mL KR
[{EE, 37 °C, #%ik 250 r/min, $REHE S h, SR 11000
r/min, 25:C» 20 min, 73 AZKABFIIE FBEF . 20 91)4% 1.3.5
BHATHBRNE, BEVKESORSEANRES IR
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13.6 #3E%it 5547
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%, BHRAERVSPER M ZE R R, FRHET R
R, KA RS, E3E/KT p N 0.05. Origin
9.0 FATIEE -

2 HEREDH
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RIS LR B KA A A5 s
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Fig.1 Microscopic configuration of crude and ultrafine powders
of Lentinus edodes

22 F#MH Ca. Feu Zn RREHAMEE

IR A SRy (60 HD F i mB ok A
WtEEY (60 HD. FHEEMEBEHAFIEAN Ca. Fe.
Zn AT EHNE, HERSHNE 4~6. NEE L
E, LTWwHES. LEHEHEMW, Fe ERS. Zn 5 &
W2\ Ca SRR, X55K3055 NP s ;i —30.
MK R, AVASKE, Zn S8R, Ca S8IKZ.
Fe &G X 5RE N E ot RTE
IV PR Eik 72.7%AN [FP0, X AT A A AN
R EEL REE & A —H, SBUAHEZER K.

M 4 HOfLUEH, FEWH Ca BESTHE
wkre EhTARY . FEEWH Ca KIBRIA R
A35N 59.13%- 60.69%; L ERm G, RS

BN T 17.65%- 23.22%. [FINF, Bkt E 1
Ca FIIEAEE, Fihdmf & & WH 2 3385
37.92%. 46.14%. FETESE S | A ahdi, A
LRESBAEALES Ca 58, BEAL%ESEE
WLAS 7 2 LA B DR 23 B3 0 T 5.97%- 3.62%.
G HANEEES AN T 4.08%. 5.26%.
% 5 IR, Fe REET Ca, HPHELEEN Fe REm
THRELEHR . TR T s T LA, RS
#1, Fe HI7KIE H 2 AT LIS, 78 31.86%~35.11% 18]
(BRI AR A4S Fe S8 60 HEEWMA T
BEMERR (p<0.05), IEEEIL 74.83%, (HEEGHE
WG & s S5 A ATV S Fe ST RIEH B ML
(p>0.05). MG E LN, FLEWHZHEEEE.
WAL G Fe GEANAR, EASGES HANES
RO 12.71%. 22.20%, ZPEGEER HANSE
RO 4.66%. 11.82%. ME 6 FTLLEH, ik
% Zn SEETEWEW. LRESESGELELN,
LR, Zn WA, 1E 88.21%~91.69%L
. 60 H¥y&ahns, FEMIAER Zn & HKIRIK
1) 81.78%- 74.47%, LILEMIIESG, TIVEA Zn &
KRS R 85.85%. 80.90%, Xt T
4.98%- 8.63%. MEFHIHATEEEINEALEAA Zn &
BRERE (p<0.05), XMHFHEHZHLSEEE Zn H&E
B R (p<0.05), W HAENESEES IS
539%. 14.07%; (EXFHHEHSES Zn B8, Xf
FLARZHEE A In SEENAPE. &5 Xt
1 R 2 B B A 1 AR s VL 5
Wil"2, SR E IR T T Cay Feu Zn ZHELES
AE R, IR T 2 BT IR SRR A — R R

*3 BuE. BHWERIBHBRIE (um)

Table 3 Particle size of crude and ultrafine powders of Lentinus edodes

I 3% A8y

-4 ALY

- FARALE AT AR

W 54242 Dy 42.30+7.62

11.23+1.26

41.10+6.56 9.08+0.98

* 4 BN Ca ARIMTSAHE (ne/e)

Table 4 The dissolution contents of various species of Ca in Lentinula edodes powders

A& 60 B &% Z 4 60 B A2 AmAy RS 2 AR S Ay
EeE 137.79+0.86° 144.53+1.26° 150.42+0.46° 153.75+0.54¢
TR 81.48+1.25° 87.71£1.04° 104.65+2.26° 114.97+1.96°
Tk 52.06+1.00° 57.89+1.70° 71.804+2.26° 84.60+0.87
2%A 29.43+1.00° 29.82+1.16" 32.85+1.79° 30.37+2.81°
T 41.36+1.54° 36.02+1.32° 42.78+1.89° 51.2242.78°
HIE 10.96+1.56 21.24+1.20° 30.52+1.54° 35.85+1.03¢

FasbAs 3.89+0.41° 8.97+1.01° 11.48+1.25° 15.57+1.96°
ZAELELS 4.73+1.44° 9.27+0.76° 13.70£0.71¢ 16.28+0.74

E: AR BFEEAFTERFREE (p<0.05), TH.
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5 BT Fe TETRFSFLE (ne/e)
Table 5 The dissolution contents of various species of Fe in Lentinula edodes powders

AERE 60 B &% &4 60 B &% Ary RS 2 AR A
EoE 373.36+0.72° 233.64+1.10° 421.70+1.25° 369.27+3.25
KAk 118.96+1.77° 76.94+0.25° 149.01+4.33¢ 129.66+3.03¢
ERES 26.55+2.23 38.06+1.29° 31.63+1.92° 66.54+0.43°
ESE S 92.41+1.09° 38.88+1.01° 117.38+2.23¢ 63.13+2.16"
FAZs 13.55+2.06° 22.4542.97° 14.30+1.60° 36.15+1.52°
A 12.01+1.05° 14.80+1.88° 19.3240.94° 26.93+0.93°

EA%LE 4.98+0.43" 5.82£1.02° 9.030.25° 12.94+0.43°
BB 4.33+0.85" 4.05+0.66" 7.29+1.16° 8.66+0.65"

* 6 B In TEARFSALE (ue/e)

Table 6 The dissolution contents of various species of Zn in Lentinula edodes powders

AEWE 60 B &% &4 60 B A4ty AT B AARA-TEARRY
P 255.58+0.13° 189.08+1.51° 286.0620.54° 259.85+0.78"
KR 233.97+0.63° 169.33+0.24% 262.29+0.41° 229.21+1.96
IR 191.34+0.83° 126.10+4.74% 225.17+0.71° 185.42+1.04°
E%A 42.63+1.33" 43.23+4.88" 37.13+0.83* 43.78+6.07°
TG 101.67+1.67° 67.65+2.18° 109.34+0.60° 104.94+1.43°
A 96.67+1.65° 59.3842.31% 116.49+1.26¢ 78.48+2.06

EQsis 48.29+2.24° 30.20+1.80° 52.83+0.48" 42.07+1.49°
SHELEAS 39.04+1.09° 25.58+3.10° 53.66=1.26° 28.42+1.41°

23 FE#H Ca. Fes Zn vy 4 4 o] F| F &

FaAAINE . BT Cay Fe. Zn 44
AIFHEE 2 (G, GD. =MucRaEdmsirEm. 8
¥ W F A ) RT R 2R K NI S Zn>Ca>Fe

(p<0.05). X5 =Moo EKIEH R, TIES
AT . WNE2 (G) ATUEH, SiliBf
WG, Zn, Ca BT RIRA T HERR, HibFE
EZEHT Zn, Ca /AR T 7.36%. 12.16%; FLEHA
W IRE T 8.72%. 29.39%. Fe MIAHml % &
FACT HANERI TR, RSB xS H A= ] R
REDENNAE (p<0.05). ME2 (GD ATLEH,
Bk = FC R ARSI B TH AR A A T R FH 224K
SRFIN Zn>Ca>Fe (p<0.05). ZiHWHE, &
TETERRY, FUEWHRY Ca MM FIF R R
T 831%-~ 32.63%, Zn JLEAYAIFIHZEIC R
A (p>0.05); Fe JLZRMIAY IR BALT 54t
PIFPoeER, RIS ok e AT R R TE B
AR RIS

Ca. Fe. Zn S u R AV IR A Z 54 A0
AN TG R [ PUE FRA B YIAAE, “PUEFA S
IR HRRE. BEAYEfEMY Ca. Fe. Zn %
A RSEAA AT, e g B e 4 o
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PEXT B UERRLEY Cay Fe. Zn HIZEMIAIFH 0K T
Frlin, HENGBEH R TRIR T & P AR ERE S
44E5 Ca. Fe. Zn %4, T T HAEMFIHZE.
X 5338 T B — P AL

RO S A i ek, B A, Sdiks B
JorEA G, Zn BYAEPIRI 255108 80.38%- 86.77%,
T TRRR S P AR 2R 26% %) k35K Fe
IEEVIFI N 13.46%, FFEEIIRT N 22.17% TiT5:
BRI AR E R 21%%) Ca BB AT RSy
AN 56.41%F 61.41%, TAETHERFEAY T
FIHZEN 12.2%, KRTH 22.9%, FERTH 52%7,
MIXEEXTLEEAE AT AR H, ks, F4MN Zn, Ca
(AP o] R A — BRI AT
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Fig.2 Ca, Fe and Zn bioaccessibility (%0) in the gastric (G) and
gastrointestinal (GI) digestive fluids of Lentinula edodes

powders
E: ARADBFERATR—AELEEHRAEZRTE
(p<0.05), FFR.

24 FHHE Ca. Feu Zn BRIk

FaA SN ER . HIAWH Ca. Few Zn HIARSL
UL 3 (G GD. MK 3 (G) ATUEH, &t
BIRSNELE, HMERD. EHmMATH Ca 4R
RELL 60 HE, BRI E, 2HEE T 14.78%,
43.63%; MBS Fe M 2T E,
{H A TR LU (60 B 315 T 1.76 1% 8
HiE, Zn BT REBVEARE (p>0.05). X
UL, A BWINEE, CUESERAASRE A
WSe, TR I R DL (R G Cay Fe I
W (p>0.05); xS T makid, HmiE R g
P Ca ML (p>0.05). ME 3 (GD HILIEH,
S Bt s, BRHEER Cay Fe ML
RECTWA G, (HEBRAE AR LU (60 B Ca.
Fe 70HC 25070 AR T 60.90%- 110.53%; HEHIAT )5,
Zn T RECE TR, sk S5
SRR T 53.33%- 32.10%. X Watil, LidFiE
e BInmsNE G, DLESERARSRVP IR YL, 8
WO AT DL A ZE A Cay Fes Zn MR
(p>0.05); X FAas KU, ke AeE &R

i1 Zn Y (p>0.05).

TR BB, pH EAF, S
SEMWIREAFE, XA 7T R S HLAr
YR, ARSI R E e R IRk, 5
ST A AL A AN Nl v S N il vy P N i
HAHAL, Hr AL R AR KA E, XA LI

Shun-xing 252 BF 7t 4516 — %K.

200 (G 260 H
E=E60 H W
a
s
%
x
B
/n Ca Fe
30 @ 7260 H 5%
EEE 60 H iR
25k il
y B
P 2.0
£
B 1S
B 10
0.5
0.0

& 3 FEEMMAINEWRSF Cay Fe. Zn IETEERBHERIHELHR
#
Fig.2 The partition coefficients of n-octanol-water
absorption model of three elements from gastric (G) and
gastrointestinal (GI) digestive fluids of Lentinus edodes powders

3 g

3.1 BRI FEFREE R S A& G T Cay Fe. Zn
v . WEERE, Fe>Zn>Ca; MUKIEHE, oA
AKE, Zn>Ca>Fe. Zn /KIGHERE S, Hihd. W
R (60 HD “FEIA 90.55%, KA Ca, Pk
59.90%, Fe I, “FHIN 32.40%. K FEREN &
EPETE A A . A Ca. Feu Zn BIZKIE
e, HLl Ca KiGHEESRANHE, 750N
17.65%, 23.22%; Ca RIVASTE, HME G0 .
AR T REMNR S, Fe rlisEaE, R
BEMEHEWMA 7 REERS, Zn vIESEE, A
HEMESEM A 7 REERS. F, Ca. Fe Gl
A, BOGES. ZREEE, BUEHESR. B
HLARAA T REEE S, Zn G, ZHESEE
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WIH 7T REER S, (HEAZEES R G HEMESEN
A T RERE, RS 2 PR AR —
SE B .

32 FH&ikh Ca. Fe. Zn fEARSNE . B ALK
R RT R R KM Zn>Ca>Fe. 1X5 =Fh7T
FOKBEHER, MTRSEENT 8. FHHhad
WHNE . B IBIEAL)E, Ca B AR R B Y
HRERTF (p>0.05), SibAsEHENE, Bt
 12.16%, FEEARHEE 29.39%, Sl RANE . TE
WG, EiESHES 8.31%, HHANHES 32.63%; &1t
AN BIEAIE, Zn AT R H R R ZER S
(p>0.05), FELEGIEE 7.36%, ELEIATER 8.72%,

BN H . iEiE, TEFEESAE (p>0.05). 1M
WSS - BITHEALS . Fe AR R 2
BT B EVEAE (p>0.05). EBMCHTEG &S 8,
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