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Abstract: In this study, the adsorption capacity of black fungus towards Cr(VI) was analyzed. The adsorption characteristics of black
fungus towards Cr(VI) at room temperature and in the simulated stomach and intestinal environments, as well as the leaching characteristics
under different conditions, were examined. The contention of Cr(VI) was determined by HPLC-ICP-MS. The results showed that the adsorption
of Cr(VI) on black fungus was greatly influenced by pH. Under the conditions of 25 C, pH 1.5, adsorbent concentration of 1.0 g/L, and initial
concentration of Cr(VI) 5.0 mg/L, the maximum adsorption amount was 2059.4 mg/kg. Under the same adsorption conditions, the black fungi,
either cooked in boiling water for 20 min or soaked in cold water for 120 min, had essentially the same amount of absorbed Cr(VI). The
chromatograms of the Cr(VI) contents in the simulated stomach and intestine revealed that due to the adsorption of black fungi, the content of
Cr(VI) decreased significantly and eventually disappears completely during the digestion process from the stomach to the intestine. It was
verified that after detoxification, the leached Cr(VI) from the Cr(VI)-containing black fungi was analyzed under different conditions, such as
leaching agents, temperatures, duration and pH. The results confirmed the detoxifying characteristics of black fungus towards Cr(VI). Black
fungus can effectively adsorb Cr(VI) under various conditions, and the ingested black fungus may exert the detoxifying effect towards Cr(VI)
through adsorbing Cr(VI). This research provides a technical route for improving the safety of human consumption.

Key words: black fungus; hexavalent chromium; adsorption; detoxification

EBE S

UK, 5K AWk U A8 S 7 AN B PR B gt 2 0 A ] DA B i AH,2020,36(10):308-314

LI Bing-ru, ZHANG Quan-gang, YAO Zhen-zhen, et al. Adsorption and detoxification of hexavalent chromium by black fungus [J].
Modern Food Science and Technology, 2020, 36(10): 308-314

WiFsHEA: 2020-04-26

EEWH: tRHRMAERAIFTERIE (KJCX20170419; KJCX20200302) ; ERKR~RREELRENEITAEA LI (GJFP2019016)
{EEEN: Fkdh (1979-), &, BRI, MRAR: KFERRERNSRFN

BREE: D8R 1970, &, f#t, ARR, WRAE: REFEFENRRE. KrmREUKENEEEN

308



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

IR L= AN 2 MRS, NI
(Cr (VD) FbEcRM, B 5 NAFTIRIL, FF
EANERD, R MEoER A", BT
SRl LA Z R, s T AT Cr (VD
FFa X, MR ERFEZ Cr (VD I EZRE.
AT AR AR B R Cr (VD 288 KU KB Cr (VD
IR, B B Rl BT S S — S RS DR
THER Cr (VD FERIUTEA YIRS, Ak AEY)
D, I vk SR R P L A S R Y
B, XPRE Cr (VD 15 Q4 BR A8 S A R
TR Cr (VD BIREE RS 2417 ok B

7 105 A A SR MRS AR A R AR
W R AR R AN B meR Y, sk
AW AR A B S R S A A R
WA T7K ) Cr (VD 81 IS IAEE Y2 R A
TR R AR FE i PR AR A A FH DA S AR = i3 S A
FiI UUsESE PR B E S84 25 Cr (VD 7l 41
FEAEH TR Cr (VD 1IfgE. 328,
B BRI, nTRlUsE S Cr (VD [F & DUAEITH
B Cr (VD SRR E . R, RSP %
SEPIERR R Cr (VD FIBEEMRRRRE & f
—EHIRHEE

ARSI AR I F BN A SR ORI
BrAERUOT, R ERAESE KENZHE. &A.
IR B B %ok B 4 S A TR B OB R FR S, R
Bk Cr (VD RIS B0, i F S5
VENEEHER], AbEE 5 R AR E AT B4R Cr (VD TR
ik 266 mg/kg™. WFREATR Cr (VD ffgE
AR IR R R X VBRSNS R I EE 145
Wi, FRAE TR .

1 STIRERSY

L1 St 8k

Mkl BAKH, RAJLEHS KT, T4,
sk 100 B, fiH.

1B P RF XS205DUR20 g, HERESIA
Al THIR/KIBEIR MQS-30, g RIRUASA TR A
HPLC-ICP-MS NEXION350, fH#[E 1415 /R ERAw]s
HLIGE X T4 9642A, RS AR A Al &E
AR % HZQ-C, bR ARG KA Rl PR 7] 5
pH 11 827, Hit 7B AR ¥ Y RC-8DS,
JERCHTE AR SR B TEDEL KQ-500, YL75ELL
AR AT AL, FEESCRER; ik

Y.

B R ABE (BEELTE 77 1:2500 TU/mg)+ JHEE. ik
(FELLIE 17>4 USP), Sigma /A7 ; &AL, A ALEY.
B, M. YR KSR BREENN T
af, btk THRAR; ZUKIEa, JbnmaE K
YL T AW AEIRIEAL, fEEER AR Cr (ID
A Cr (VD FRUEIET 1000 mg/L, JL5 HiFR ST
RS, PerkinElmer A& mali@<; FrH/KN
#BaliK>18.2 MQ-cm.

1.2 75 R ]

FEHIAEW 2 L (A 0.15 mol/L NaCl, #5#5
81 g SFRIE1g, FLIK0.84 mL, VKLEE 1 mL),
F 6 mol/L [HERKT pH A 1.5, IO B & AR 2.5
go

1.3 AEFE

(1) B : K 50 mL B0 B A 1 g A 2
AREG AN HH FEDIRAY 1) & S B2, (RIS 0
0.1 mL (1] 1000 mg/L Cr (VI) FpvEiR, i v aib+
37 ‘CHITETR/KHE, 100 r/min 2J3EHE) 1 h, FKHEN
A1 L/min B0 5 I REI R . S8EIRHEL 10 mL
SNRCONEER T, FIH HPLC-ICP-MS MlsERES 1
Cr (VD FRFE . RS T B MG RIS .

XPHRSCEG . AINEAHE, %R FR R EId R
RAFEIRIFER AR T .

(2) /Mg F NaHCO; ¥ A S BAE) pH AE
WA 7, KGR 0.054 g. HER 0.18 g IMNEEAN B 3%
W, 4kZEDL T L/min A, 100 r/min 55850
FLla], RERRZ 30 min Wl S AR pH AR, # W ES A
4618, U HC1 A1 NaHCO; W ARG, 18 /M
W pH [H4ERFFRE . 4 h J5, WAL 10 mL SOSBCNAE S
I, FIF HPLC-ICP-MS M5E i 1T H Cr (VD) 9K
.

XPHRSEEG . AINEAH, R FR R EI R
RAFENRIRE A X HRIT .

(3) FREL—& sAH E A AR 2 4, F 100 °C
/K 20 min BEIFEM A, =R 25 CHIKIRH 120
min 73 2FF 5 Bo

14 FHER

FrREL—E e (m, @) (EARHE. FEfh A REER
B, MIA—ZEM& (V, L) #KE (Cyp mg/L) [ Cr
(VD &, PR¥E—@ i pH {, 7£25 C LA 180
r/min 7R 3 0K B AT, WL RS A

309



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

HPLC-ICP-MS W& Cr (VD) [P (Ce,
mg/L) B, ORI Cr (VD [IIRAK E 5
IRFE 2, TR E Cr (VD W (Q, mg/g),
THEAXL (D,

Q=(C,-C.)xV/m (D

1.4.1 TR B IR) &9 ok i 52 56

pH R 3.5, HEF 1.4 35558, HRIEARER
WA 0.5+ 1 24 24 48 1 72 h) HUREME FLI b i
Q, WIFREAREX] Cr (VD HIWBRHERE.
1.42 AR pHAL&GRN 5256

e BEE AFE pH ME (1.04 2.5, 3.04 3.5, 5.0+
6.5) EARHKIWIE Q, HEFKMFE 1.4 YR,
143 AR X BRI OGRN 25

TEpHAEN 7, 35S A A B LEAH AR FE
HHA TR PSS, FLE SRR 1.4 PR, MHAAH
IFIA] (0.5 1. 2. 24, 48 M1 72h) KW fi&E Q.

LS s a AT Cr (VD) 89z i L5

WM EAET 60 CLE MG R TEF T
W, B EE T 250 mL #E, %L 1:10
TINREG], T 150 r/min #7355 2 H 4R, WEAFK
SIS, TR IS, R HPLC-ICP-MS &
BREGHAH Cr (VD &

151 TREZIRA L1

47K, 0.1 mol/L NaCl A1 0.1 mol/L KNO; 1F
JEEG, TEIREEN 37 C, pHAHN 7 (FE%ERE
IR IAED, Foe 2 F1F 1.5 108K, 1242 24 h,
FEEA FIRRZEGIZ H Cr (VD [ &

152 ARREE %R

FIH 0.1 mol/L KNO; {E AR, pHAEAN 7, #
B FRIZIRIRE, e AR 1.5 1D 8, 129E 24 h,
PR FIRE NIZH Cr (VD &

1.53  RF) pH{E %%

FIH 0.1 molV/L KNOs 1ENZHH, TN
37 °C, WEAFEM pHE, HEKMAF 1.5 7P,
RIE 24 h, HWREASFER) pH E TR Cr (VD BIE &,
1.54 TR AfIE) 5256

FIH 0.1 molV/L KNO; 1ENZH, TN
37°C, pHAEN 7, WEAFRMRE, HEHKHR 1.5
FPER, HWRAFEMB AR H Cr (VD & &,

1.6 #AEA 3

AS2I6FI ] WPS 4% (10.1.0.7566) A1 SPSS 17.0
HEATBE bR P

310

2 BRI

XFEE T AN IS 8] pHL A BA SRS T AR H X
Cr (VD [WRPHTERE, AT SRAREAESNF AL T 1k
bf Cr (VD) HIfEREREST. EMBHIBARFAEHIL RS
HOX Cr (VD Wi s L, it D IRIE AR
Cr (VD HWBIHstE, RAMHIIRE.

2.1 EEELX R R R

125 °C, pHAEN 3.5, WFFARKEEN 1.0 g/L B,
Cr (VD HIWIEIREE 535N 5.0 mg/L, SRR
& Q MR ARl 1 FroR o Bl B 3G i i
BT e TP, IR EA S 24 h, TR EIA
BECR, SR Cr (VD SRR EN 868.7 mg/kg.
7E 0~24 h IR B PR, bR Bk R T R (T B
B B o
1000
900 - I
800 -
700
600 -
500
400
300
200

100 -
0

1
1

—o—

% B EQ / (mg/kg)

0 10 20 30 20 50 60 70
W BT 1] / b
B 1 BARERIIRHIFERE R
Fig.1 The change of adsorption of black fungus with time

FELE %

3500 3000 2500 2000 1500 1000
W/ em?!
&2 Wk Cr (VI) BIREIZISMSEIE (IR) Xtk
Fig.2 IR spectra before and after Cr(V1) adsorption
Xf LG SR HR AT S 2061 (IR, anfE] 2
Fizs, ATUGE HRARH AR FE SR ERR, 7
AT 1033 em™ A11238 em™ &b, Wi #£3E(C-0)
4R, 1725 em™ 4bFREE (C=0) Mh4EtRzN,
3200~3700 e Ab¥R3E (O-H) HiZEIREN. XEEHE
BEFIAE R T EE BT R 6, 50> RiE —
BLo TEMR PR 5 FARUE R AAS, 15 B PR TS )RR AR



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

HEREA KRR, JRZLE 32104 2926. 1610. 1312
e’ SN E R A T REED, T EHSRREE R A T AL, B
BISEARH S Cr (VD KA TP, it B0 b
T FE FFE TR SR BRI B
22 pHET R &8 g
2500
2000 +

1500

1000 |-

W B / (ug/ke)

500 -

0 2 3 5 5 3 7
W pH

& 3 EAEAIIRFIRE pH EAIZ
Fig.3 The change of adsorption of black fungus with pH value

1625 °C, WRBFIREE N 1.0 gL B, Cr (VD [
WG 5.0 mg/L, BARHEAEA pH E (1.0+ 2.5,
3.0~ 3.5, 5.0, 6.5) IEFIRFH-FHEITI I B & Q &
3 Frse X Cr (VD (HWRBEEERE pH R K 22 F
fi%o £ pHAE N 1.5 B, H RPN 2059.4 mg/kg,
B i W B 502 . Zhang M2 2 i LT 6 AN ]
pH {1 Cr (VDD W B PERE 22 S0 h REs), iRl 4%
TR, AL HorOY EAAFAE, 4% pH<pHzpe
(ZHAL pH B I, WA R R 7 IERAT, 2
HEHXT Cr (VD B 10 493K pH>pHzpe B, M
BATRIR A f T, 5 Cr (VD AHER, A
TX Cr (VD WWREHER . NBRM pH IEFEE
0.9~1.8 Z ], WRGHMBEs EAR3.5 iy, UWHE
WA IE A BAE X Cr (VD (R REE A

23 FRAE T AR B

600

- A

s00- *B

400 -

300 -

W B Q / (mg/kg)

200F
1

100%
1

2 6 24 a8 7
W Bt 18] / h
B 4 REAMEEZHTEKREXS Cr (VI) BIIRHMIE Q FISZ0D
Fig.4 The contents change of Cr(VI) absorbed by black fungus
treated by different methods

f£25 'C, pHAE N 7, WPHFKRE A 1 g/L I,
Cr (VD IR 5 mg/L, FEih A FIFES B 1)
WS BB Q WIS IAI AR AL ] 4 P, 24t W P IS 1) )
MG, JE7E 48 h e TRaE . TEARII FH 2%
T, FEan A FIRES B IR E TG R 2R, Wit
TR BAH I AR EA Cr (VD BR8N
W HHERE . UESEZE AR, AR E S RN TR B
IS AREATN Cr (VDD FE3 R W R a2k R,
XM sE H O a2 2l T —AHARSE (pH=7
FEE BT AR EE).

24 BHMBH

13000

- %R Intensity (cps)
12000+  —FEAHT Intensity (cps)
11000 -
10000 -

9000 [

8000 f

7000 £

6000

o 1 2 3 4 5 6 7 8

El5 BiRPEAERM Cr (V1) BIKE

Fig.5 Chromatogram of Cr(V1) adsorption by black fungus in

gastric juice
FEWD T AE A R G (1 TT AT S LI e T Y

WIAE R B I AT LIS RO, oIt s 4y
RERE AR USRS B e ARSREG B | AR HAE T AL
AR Cr (VD IR ER . FIH 1.3 577550
B SRR HAE B il A BT Cr (VD W P RE .
FESn T A T ¥ i Bl 5 pos, i T
Cr (VD) UmBlm RS T s, XA u IR
an TP Cr (VD BEEARH 1, 1ESEAE B SR
TAHEREAR BB I, BBAREAREA X Cr(VD
AR IR . R AE L, £8P
HXF Cr (VD BRI EAE 4, i —L0k R

25 iREyRE

Wi SN B R 2, X BURE i TR TT
Ik B (B 6 P, Fedn @i E 2 Cr(vD
W, BLH] Cr (VD SRR g2 . XAMGE
ST AR RS AE A P ARSI Cr (VD, T HAER
A, R pH A A E M AR R AR
1, XFEEAREIRI Cr (VD FEAREF= AR AR 20
YRR IR A 518 5 B0 HE T —HE, BRI A B
ARERMIZAET, Cr (VD TEB MG &EREA

311



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

A, BHTBAREXT Cr (VD WA, BIEA
HXf Cr (VD) IRBRASE Saf i B i, (EHAE)
AR BN R T — P . BRARHAEH L RSt

Fixt Cr (VD BATTERRER, SHSHAENER".
13000

""" XTHRIL Intensity (cps)
12000 - —FEAHIT Intensity (cps)
11000
10000
9000 |-

8000 |

7000 £

6000 1 1 1 1 1 1 1 J
0 1 2 3 4 5 6 7 8

& 6 BAPEAERM Cr (V1) GiLE
Fig.6 Chromatogram of Cr (VI) adsorption by black fungus in
intestines

26 fEEEEARTF Cr (VD) 8% HRiE

BAREARIEMINERAERAXS Cr (VD SHEL
SR PVERE, & Cr (VD BUFRIERR. (BfEdE
& BARER S BARL Cr (VD 1R X H
— BRI,

2.6.1 TRIRIF 670
=1 FRIREFIG Cr (V1) KE
Table 1 The contents of Cr (VI) in different leaching agents
(T=37C, pH=7)

TR I 28 #h7K 0.1 mol/L NaCl0.1 mol/L KNO;
Cr(VI)4&/(mg/L) 0.000 0.000  0.000 0.000

S PEPI R SRR, 2K . NaCl. KNO;
YENIREGH - NF 1 P LB Y, 3 PR BGRIE ' Cr(VD
FIE s 52 AEMmE, W 3 MR BGHRAEA [R R

FT, BARRBUGEAREPE Cr (VD, W] WAFE:
JE )RR ARG R AR i (FOAROR R
PRI EE G BEARE A Cr (VD IR, DU SE5
HEF KNOs i HURPY,
262 ARRBEHF R
MF 2 FTCAEH, TE pH EN 7, RHL 24 h i,
il B J 1) & B BOR B ARIR IR B L 2 N AR IR FEFR
5i, HIARERE Cr (VD, UiHIfRSENEATLEE
R T ANREIR tHEEE
=2 FEIREEHET Cr (V1) iRE
Table 2 The contents of Cr(VI) with different temperatures
(t=24h, pH=7)

ZIGRE/C 15 25 37
=& Cr(VI)y&Z/(mg/L)  0.000 0.000 0.000
Cr(Vl)y&Z/(mg/L) 0.000 0.000 0.000

263 AR pHIL&H

M3 ATRVEH, FEIEN 37 C, ToibRmRiE
IR IR S, WRE 24 h B, Cr (VD & RS
TEEMA, ATV E S BAEARR R
Cr (VD.,

=3 N[E pHEFKMHT Cr (V1) RE
Table 3 The contents of Cr (V1) with different pH values
(T=37C, t=24 h)

pH 3 7 10
8 Cr(VD)A/(mgL)  0.000 0.000 0.000
Cr(VI)4&/(mg/L) 0.000 0.000 0.000

2.64 R EFIE 6970

MK A FTLUE, (RN 37 °C, PYEMETT,
AR Cr (VD &8 57 AR, #t—3E
KR R SR RAREARR I #E Cr (VD

&4 TEIREZEGT Cr (V1) KE
Table 4 The contents of Cr (V1) with different times (pH=7, T=37 'C)

2B ) /h 1 24 36 72
=8 Cr(VI)&=/(mg/L) 0.000 0.000 0.000 0.000 0.000
Cr(VIy4£/(mg/L) 0.000 0.000 0.000 0.000 0.000

SKASUEN], BARHEAMEE Cr (VD [, 1E
FAMT, BAREX Cr (VD HAWRMHER, BR
W B e Bt 5 T T SN T 38, (LR, RS 208c o DN =5 e
IS, PRI REARHAE 0.5 h I 1] Py BRI AT SR 2005 B H 1
AREXS Cr (VD [FIMRPNAE 152 pH AEFEECR, IRTE
BaEIN PN RE TR, AR B IR RIS . B
WHE SR BAEIIN Cr(VD BAARMRMER,

312

PRI A A SRR XS Cr (VD IR B4 F
o SEESIEMIEHAL RS BAER Cr (VD BHAH
RO M iR ER, bR Cr (VD B B
¥, BARHEX Cr (VD HIWRNAEIANSZ 20, X780
UERIRBARHXS Cr (VD R S8IE 1 e Ja 588
BARHIF IR MEEIER Cr (VD, #E—Esk 7 B
HX Cr (VD W IASE BRI, ERRARHXT Cr
(VD s e Rt — PR AT .



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

(1]

PRI, Wi, S8 6 A AL IO R R S IR R 22
AW AT ] R 42 544, 2007,27(7):1094-1100
REN Yuan, WEI Chao-hai, WU Chao-fei, et al
Environmental and biological characteristics of coking waste
water [J].
1094-1100
%G AR EE R BT FURE SR [T]. Tl /K AL EE,
2012,32(10): 4-8

Acta Scientiae Circumstantiae, 2007, 27(7):

LUO Zhi-yong. Research progress in the physicochemical
techniques for coking waste water treatment [J]. Industrial
Water Treatment, 2012, 32(10): 4-8

FMMTA, G N AL SRR S AR AL T
BRI A EEAR,2019,14(2): 63-70

WANG Erjin, ZENG Ming. Research overview on
hepatotoxicity and the related mechanism of hexavalent
chromium compounds [J]. Asian Journal of Ecotoxi-Cology,
2019, 14(2): 63-70

Gomez V, Callao M P. Chromium determination and
speciation since 2000 [J]. Trends in Analytical Chemistry,
2006, 25: 1006-1015
US Department of Health and Human Services.
Toxicological Prole for Chromium [R]. Public Health Service
Agency for Toxic substances and Diseases Registry,
Washington, DC, 1991

Medeiros M G, Rodrigues A S, Batoreu M C, et al. Elevated
levels of DNA-protein crosslinks and micronuclei in
peripheral lymphocytes of tannery workers exposed to
trivalent chromium [J]. Mutagenesis, 2003, 18(1): 19-24

R T 7N 0 4 AT A2 BE FC [D]. 4 M1V R b K2,
2011

QIN Li-ling. Detoxification of chromium (VI) by bacteria [D].
Zhengzhou: Henan University of Technology, 2011

Srinath T, Verma T, Ramteke P W, et al. Chromium (V)
biosorption and bioaccumulation by chromate resistant
bacteria [J]. Chemosphere, 2002, 48: 427-435

Khambhaty Y, Mody K, Basha S, et al. Kinetics, equilibrium
and thermodynamic studies on biosorption of hexavalent
chromium by dead fungal biomass of marine Aspergillus
niger [J]. Chemical Engineering Journal, 2009, 145: 489-495

ZERIR R R, S5 AR R B K s i R A S R PR
HLER IR FE[3).2E A L2200 9,2010,14(3):226-229

LI Hui-dong, PENG Zhi-hui, KANG lJian, et al. Research on

sorption Cr(VI) with Rhizopus in water and the mechanism of

[11]

[13]

[14]

[16]

(18]

sorptionin [J]. Life Science Research, 2010, 14(3): 226-229
Kaszycki P, Fedorovych D, Ksheminska H, et al. Chromium
accumulation by living yeast at various environmental
conditions [J]. Microbiological Research, 2004, 159: 11-17
Gupta V K, Shrivastava A K, Jain N. Biosorption of
chromiun (VI) from aqueous solutions by green algae
spirogyra species [J]. Water Research, 2001, 35(17):
4079-4085

Park d, Yun Y S, Park J M. Use of dead fungal biomass for
the detoxification of hexavalent chromium: screening and
kinetics [J]. Process Biochemistry, 2005, 40: 2559-2565

N Ertugay. Biosorption of Cr (VI) from aqueous solutions by
biomass of Agaricus bisporus [J]. Journal of Hazard
Materials, 2008, 154: 432-439

Ik ML T e A R RS 7S A7 i PR B B A BE B
[D] KWl K22,2016

WANG Shu-fan. Biosorption of Cr (VI) from aqueous
modified Pleurotus — ostreatus:

solutions using the

characteristic and mechanisms [D]. Changsha: Hunan
University, 2016

G, R THSAR . i 7 R 1 2 ) 9 0 B FLAE B AR 2
ihE R 2R B1 H RN HI[I] A% R 524,2012,26(7):1025-1030
WANG Hui-juan, LIU Yang, XING Fu-guo. Screening
high-production laccase of Pleurotus ostreatus and
degrandation of afb by Pleurotus ostreatus laccas [J]. Journal
of Nuclear Agricultural Sciences, 2012, 26(7): 1025-1030
FERZE ST, B 5 i, 5. 1 B L TR KT S M e e L 3%
FUEE L] I E 5 4 5 1776,2013,35(8):5-8

REN Da-jun, BAO Xin, ZHAI Jing-jing, et al. Study on the
bioremediation of indole-contaminated soil by white rot fungi
[J]. Environmental Pollution & Control, 2013, 35(8): 5-8
HYY 752, E 8L BARH H AN MR E SR
MR AT AR 4,2017,56(24):4875-4877
XIA Zhen-zhen, FAN Xiu-zhi, WANG Ming-rui, et al. Study
on the accumulation of heavy metal lead, chromium and
cadmium in mycelia of Auricularia heimuer [J]. Hubei
Agricultural Sciences, 2017, 56(24): 4875-4877

SRLLM, FEATAE, M D, 5 SR LT 22 11 SR B )
SEHHFE[I].H BB 1#,2012,31(5):45-47

CHAI Hong-mei, WANG Lu-xiang, HE Li-zhong, et al.
Research on the bioaccumulation characteristics to Cd of
mycelia and fruiting bodies of Auricularia auricularia-judae
strains [J]. Edible fungi of China, 2012, 31(5): 45-47

JERE R, 22 MK S U = AR RS I 0], Ak 270
#%,2013,76(10):915-922

313



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

[21]

[22]

[24]

ZHOU Li-ying, ZHOU Jin-fan, ZUO Peng-fei. Detection
technology for Cr(VI) and Cr(Ill) [J]. Chemistry Bulletin.
2013, 76(10): 915-922

PRI K. 5 L G R o8 B < (R P S A 3 )
HrPAG[D] AR A K 52,2016

CHEN Ya-jing, Testing and hazardous risk assessment of the
five harmful metallic elements in dried edible fungi [D].
Guangzhou: College of Food Science, South China
Agricultural University, 2016

AAFAC AR R E0 G B T X R R R A FH Rt T i
JEILIRREF,2019,47(5):23-27

LI Chun-dong, XU Wei-liang, GUO Liang. Research
progress on heavy metal adsorption by edible fungi [J].
Jiangsu Agricultural Sciences, 2019, 47(5): 23-27

LB M Ak B 4 Cr(VI) IV RS2 AT 7 0],
HR TR AR FIREZRBIER), 2012,29(11):55-60
ZHUO Lin. Research on influential factors for adsorption of
heavy metal chromium (VI) by modified Auricularia
auricular-judae [J]. J Chongging Technol Business Univ,
(Nat Sci Ed), 2012, 29(11): 55-60

LU Xiu-guo, DUAN lJian-ju, HUANG Yan-mei. Adsorption
of Cr(VI) in water with phosphoric acid modified and
ordinary walnut shells [J]. Agricultural Science & Technology,

[25]

[26]

2015, 16(9): 1989-1993

Sevilla M, Fuertes A B, Chemical and structural properties of
carbonaceous  products obtained by  hydrothermal
carbonization of saccharides [J].
Journal, 2009, 15(16): 4195-4203

ZHANG Ming-ming, LIU Yun-guo, LI Ting-ting, et al.

Chemistry-A European

Chitosan modification of magnetic biochar produced from
Eichhornia crassipes for enhanced sorption of Cr(VI) from
aqueous Advances, 2015, 5(58):
46955-46964

ZRUKn, e R, A SRR AR S HIRAE in vitro
ARG YA v o A (0] IR R f R 2,2019,35(6):308-
313

LI Bing-ru, ZUO Ji-min, LI Yang, et al. Bioaccessibility of

solution [J]. Rsc

different speciation of chromium in Auricularia auricula
during the in vitro system [J]. Modern Food Science and
Technology, 2019, 35(6): 308-313

5K ZEBEAR, H S0, 5 ARMRAE SR A PR PN
A& T I] I 5R 2 51K, 2010,33(12):124-127
ZHANG Ping, LI Ke-lin, XIAO Jian-bo, et al. Detoxification
of chromium (VD) in chromic slag with rice bran under
Environmental Science &

microwave irradiation [J].

Technology, 2010, 33(12): 124-127

(2 67 50

[25]

[26]

314

AR, X T2, Bk A, S IR IEAT e A A v 2
LT B B R 57 B 0]+ [ AR ol o 2 2 75,2008,6:527-
530

ZHU Zhan-bo, LIU Yu, JIA Yong-quan, et al. Optimization of
fermentation medium for Lactobacillus reuteri by quadratic
orthogonal rotation combination design [J]. Chinese Journal
of Biological Products, 2008, 6: 527-530

ZrR NS, VNS, X1 5, ke i TR DAL 2 B LA e A I
BEIR B[] AR #,2016,44(6):91-93

QIN Peng, XIE Peng, LIU Guang-yu, et al. Optimization of
fermentation medium of Lactobacillus reuteri by response
surface methodology [J]. Journal of Anhui Agricultural
Sciences, 2016, 44(6): 91-93

W ], P RS o o 5. 2 A RS W i R A S AR
A & AR 2,2010,31(13):174-179

CHEN Guo, XIAO Ya-qin, CHEN Hong-wen. Optimal

medium and growth metabolism of Lactobacillus reuteri [J].

[29]

[30]

31]

Food Science, 2010, 31(13): 174-179
ZM, AR IET BP M ML A 2R E A K BT
[T]. IR S RH2,2009,25(4):388-390

QIN Peng, WU Zhen-qiang. Study of growth status of a high
laccase-producing strain by back propagation neural network
[J]. Modemn Food Science and Technology, 2009, 25(4):
388-390

Choi B, Lee J. Comparison of generalization ability on
solving differential equations using backpropagation and
reformulated function

Neurocomputing, 2009, 73(1-3): 115-118

radial  basis networks  [J].
Girosi F, Poggio T. Networks and the best approximation
property [J]. Biological Cybernetics, 1990, 63(3): 169-176

Riesenberg D, Guthke R. High cell density cultivation of
microorganisms  [J].  Applied

Biotechnology, 1999, 51(4): 422-430

Microbiology  and



