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ABSTRACT: Objective To reveal the migration law of cadmium during 2-ketogluconic acid production using
hydrolysate of cadmium-contaminated rice as raw material, and produce 2-ketogluconic acid meeting the requirement
for synthesis of food antioxidant D-sodium erythorbate. Methods Content and distributions of cadmium during
processes of saccharification, seed culture and fermentation of 2-ketogluconic acid, and 2-ketogluconic acid
extraction and purification were systematically analyzed using normal rice, cadmium-contaminated rice and mixed
rice as raw materials to confirm the migration law of cadmium and its effects on the fermentation performance of

2-ketogluconic acid and the quality of D-sodium erythorbate. Results The cadmium content of rice and calcium
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carbonate had no significant effect on the fermentation performance of 2-ketoglyconic acid (P>0.05). The extraction

and purification process of 2-ketogluconic acid could effectively reduce the cadmium content in 2-ketogluconic acid.

Over 90% of cadmium had been accumulated in the acidification waste residue (mainly composed of calcium sulfate

and bacterial cells). The quality of sodium erythorbate produced by using cadmium-contaminated rice as raw material

met the requirements of national standards, with no detection of cadmium. Conclusion The present study provides

a theoretical basis and technical support for the comprehensive utilization of cadmium-contaminated rice to produce

2-ketogluconic acid for synthesizing high value-added food additive sodium erythorbate.
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1.1 MR5RF
LIl & #

IR BN (P plecoglossicida) JUIMOlAkguI({24],
BT EEE M 2KGA Tolk AP Hitk TUIMOo1!'%RYy
2- i BE A A BRI B R SR bk, LA 2KGA 1R
BABNTENE, FA N E A 2KGA A7 Mg
.12 #5RA

R SR B 10.0 /L, 4R 5.0 g/L, NaCl
5.0 g/L, BiflEkr 20.0 g/L. pH 7.0,

FIFREREE: SORTER I AICKZIE1)20.0 g/L,
Tk FH 5.0 g/, JRE 2.0 gL, KH,PO, 2.0 g/L,
MgS0,-7H,0 0.5 g/L, #2J5i CaCO; 5.0 g/L.

RIEEEFER JORTER K K41 ) 140.0 /L,
T3 TH 7.5 ¢/L, 55 CaCO5 38.5 g/L.

.13 EZFA5KA

E# KGR & & 0.0970 mg/kg) . MM ICK(EE S &
0.4200 mg/kg)FE G R K (FR 1E# XK A br SRR &
ik, Had i 0.1626 mg/kg, IFFE GB 2762—2017 (&
R EERE SRR ) MR R R, B
KABEREBEAEEET 0.20 mg/kg), 7k T 764 #5E%
i, FERET (LB ERAEHEARGRATR), &REMN
FIFEE T CaCO,(SR & 0.65 mg/kg, TI7HATEMIA L1k
TR BRTAE A A, a-E K (20000 U/mL) . HEfLT
(100000 U/mL) (i 4EA5 A B AR A BRA F]) o

1.2 UFB5%F

HYL-C B AR L RERIR(CR TR AR LR A5 E
PR/ H]); GRI-50D 4 H shALMIEHE & I 2R Gt (B IAS B A
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Y TAEABRAH)); TGL-18M BRI R B AL I S e
DAL A BRA ], UV-2100 #2403 66 (i
UNICO X254 PR wl); SBA-40 B AE WL AL (L 4B
LB A IR SET); PinAAcle900T J5i TR (35 [
PerkinElmer 23 #]); PL203 B E, FR5F-(EHE 0.001 g, Fit:
MR- R 2 AT B A o
1.3 WA
13,1 KORRAEAE G H &

FIFHYLPG A S T BB VC A BRA w L ZE 18] Y
Coll 2B 7= 35 2%, SR FSUBRA BEAL T 2000 48 JOKOK fi bl o 3
S IE R JOK L SR AR KR FNR A KOKIK R, 483
TS I ATE R, 105~108°CIE AL . WAL)E 1L g F= 1%
JORE A, WEBRIFRIL pH 4.2~4.4, FEINABELET
1E 60°C T HEfk ML 5 80°CHEEEEAL 15 min, 2IIEIRERIEW,
FRE T 2KGA K I KA IK f B
132 B A 2KGA L B

R R D AR IS Ak 7B AR T I SRR b R I b R AT
11k, 30°CHE 55 24 h,

PERAPFREFE: B 1.0 mL ARHAT BRIP4 RS TR (RS R
TEFIIIA 5.0 mL JCRE/K#AZEA 50 mL Fh-F355% 56019 500 mL
FEHAR, 30°C., 265 t/min 254 FRERIRZEEFE 20 h,

5-L A% Kk SR R F 35350 8% 100 mL B FE R
i A 3.5 L A FEEa g, AR 30°C. %
0.02 MPa., 1@< ## 1.75 L/min. $EHEHE 400 r/min #9564
T 24 h,

50-L A5 REERE Y 2KGA KB 4 3.5 L iME
A 35 L W kBetsgRdip, 726 32°C. /% 0.03 MPa,
WA & 50.0 L/min, %3 400 r/min 095505 F &8 24 he
1.3.3 KB =4 2KGA #942 IR

FI U BRIR (98%) VAT 2KGA KB pH & 1.35~
1.45, 60°CHRIEILIY 20 min; JhigRE25 B0 (3 2 h iR
BEFIPRA AR, RIFRIRILIEE), 58I EMNSH 2KGA 1)
TR (TR ALIR); TR Ak IR EA T 28 F 38 #0017 SRR
PHES Fac et ig)ab 38, 158 FERPALF D-FHiR
RGN R 2KGA I (TR B A8 ) o
1.3.4 R SIAAH D-FF IR 00 5L 4h 49 ) &

R He 4 2K GA W 2 5 KRR T 10%, ARG S
4 FEARFR BRI, JEAE 55~60°CIAHRE T #EFT 4 h iy H
BEAb RN, T2 PIRAL | 1 e € ARG il 450 B8 il 4 D-
SEHUIR MR AN
1.3.5 MEF*

BRPEE 3R M 2KGA K& Tt A2 A A A 4 B (ODgso 1H)
B : 0.2 mol/L i HCI R 4% 37 AR i I W 20 5, LA
IR R ZE A, RS R TN E FE S A AE 650 nm
AbHYE B, HO@IMEERE R 1 em,

DRI S« B 15 DU i 1) 0 28 W R R R

20~100 mg/mL LRI N, R SBA W& 5E

2KGA RN : SR SR 5 Fh - 1% 55 W00R % I
WY 2KGA,

D-F- U3 m w2 & BT &= 4B fKHE GB 1886.28—
2016 { B ZEEFIRE BREINA D-FHUIR MR e )
FUE I i D-SEHeR m e & & . e . pH.
TR SR T A S T AR BT

RIS K3 GB 5009.15—2014 { £ 522 2 FE Fhidk
AP ERIIIE ) R AT S RSO A I A5
PSR AR TERER TIN5 mL SERAN 2 mL AL EUE I
WAk, FERRSIRE 2. IR e 45 R K 228.8 nm,
WeBk 0.2~1.0 nm, XTHL 2~10 mA, THRIREE 105°C, T4t
M4 20 s; JRALIREE 400~700°C, JeALATE] 20~40 s, JEFIbIGR
JE 1300~2300°C, JFALAffa] 3~5 s, TR AT, W
WEERE(E SETHT OPRERNZR, TTERES 5
1.4 BUEGIH

SO E AT 3 K, BRI Excel 2020 P 4545
Wit I EE IR ZE R R o 38 3L R )5 22347 (One-Way
analysis of variance, One-Way ANOVA)PEMGEHRSE, 2 HHE
W 2E3EAE P B (o= 0.05)RERS E1EF T8 38140 H

2 HER55H

2.1 RAKBEUIEDEATBINE

A3 10 t FIEE FORER S i 0.0970 me/ke) . HREbR
TR L 0.4200 mg/kg) MR A FORER A L 0.1626 mg/kg)
WA THEAL, 5 SR TENE ORI B 0 4 A o AEIEZE R (R 1)
SR 3 BRI R IR 1 TR B O 72% A, 4
WA NEAY 5 FLK SRR A A5 B B 2k 297 @/l 24,
BB LR A ik F) 0.99 keg/kg LA E; 3 Rl KOR JEORE Y B
BRI 969.58 | 4200.33 F1 1626.33 mg, FHALJE K Y
BV A 0 R JROROKREE B B R Y 93.87% . 90.67% Al
93.78%, 4% AERHR Y B4R AU 5432, 213.39 A
97.68 mg, BLHIRIETF AR KE) 90%LL b RIARHE a4 TRk
B WTESOKRR A RIRS SN, HEESEACK
WA TS ROl A 60% 48 A S A, b ROk R
7%~8%1 2 [ 1] & A 60% LA iR

LR 2KGA Tolk KB = rh, IE# KoK LR
T A KT S A T VR AR A PR AR SR, TR A AR OK
WEAR 5 77 Az 110 K 1 B 5 3 R A0 e R DR X 1
BR (B & i < 1.0 mg/kg) EoR, AR E AR A Y 1A
REFURL . A K i [ i Ak B A (R 5 2 A 14 22 SOk IR
TE, UK 4 T AR A A B R R A e A PR OOV R R
EURE I PR R AR OK R B A ™ 2KGA T, X e & oK
W UEAT AR AL FRAE 22 5 b RS PRARAE AT RER & —Fh i
FEM R, T I 5 AOR 5 # AR ORISR A,
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TE AR KK I R AL A [ B, 38 AT DL UE K I (0 4 7 12t
1E 1.0 mg/kg LA .
22 MTFEFENESENMFIEFRTENI
FIFHIE# KK | SRR AOKR RN A K BRI 43 5]
BEil A 20 o/L BE MR T35 372, SRIGIEFIRGFE 24 h
FERI B SR B A AR B . R A KL . 2KGA DL
B R R (AR AL, SER (B DR 7E 3 AR R R Fh T8
FRILH, AR TR A TR B TR AR AR L R M T RE LA &
2KGA MG AR NZS; R 3 FoRFEFF 55
B SR NETA A a RE e, BESRIR 3 ThAR R HR Y
AL FAAFEAAAG], 7ERT 8 h (RS FE h ISR FIs hARm
FRAR Ve BRI E 1.92~2.24 pg/L, WG 208 1 FHIEFa
TETE 2.01~2.32 pg/Lo K5 R 8 HH o o B v 3 1 B4 i e 24
5 2KGA WA A B AIRT R, $278 2KGA HRiFRIE
1Y) CaCOs(5E o & 0.65 mg/kg) & 4= FIS N H-fdi CaCO;

BT T B R b AR S R TH RS, TR 4H A A
FH 2KGA F5ERAE AR IE AT R AR, (AR T H R0
V1488 1 e R P AR PR R
23 AEHEFEMNBSEX 2KGA XEHTZMF T
FIFHIEF KK L S AR JORFNR A TR R fb 53 31
BUl A 140 g/L #AIM0 KB RIL, ARG 1M ket
I 24 h I W R I ed B R A R B R ZE K L 2KGA
AR e B AR Ak o S5 R 2) R 7E 3 RO TRIAG &
P g B v, AR TR {1 BRI B 14 R LA PR AR P G v ) 4
K IFA M 2KGA ., KB 16 h i, S5 E s E h
WIHARHY 140.0 g/l BHAEZE 5.0 o/L VIR, HEIRMMIHkE
(ODgso) I WILR Y 1.40 3HN%E] 6.80 LIL, LM+ 2KGA
B SR Mk B 0K 131.46~135.04 g/L(Z9 M HRE T F4 1Y 87.12%~
89.50%); AT 24 h i, M5 2 THFE, IR EH
JE (ODgso) IMRFFTE 6.25 DL [, 2KGA B JEHFAETE

®1 KKBEUIEPEHIBSH

Table 1 Migration and distribution of cadmium during saccharification process of rice

FOKFE T IEHRAK FRAEARROK RAERK
KoK EfE/kg 10000.00+0.00 10000.00+0.00 10000.00+0.00
FOKHTE R 1 5 £ 53 B/ Y% 72.05+0.34 72.14+0.12 72.07£0.10
K IITER Bl kg 7205.33+34.49 7214.33+11.68 7207.33+9.87
FOK I 5 1 /(mg/kg) 0.09700.0003* 0.4200+0.0158" 0.1626+0.0030°
FOKH ) R B /mg 969.58+2.87° 4200.33+158.38" 1626.33+29.50°
KA SRR AT/ m’ 24.10+0.30 24.20+0.44 24.08+0.28
VL P 25 0 %) T vk B /(g /L) 297.33+5.03 297.00+2.65 297.10+1.39
W Hh A 2 1 kg 7164.73+34.70 7186.67+71.68 7154.90+51.88
TER AL ISR (kg/kg) 0.9944+0.0091 0.9962+0.0112 0.9927+0.0070
BRI P 4 7 I i MR B/ (ng/L) 2.25+0.07° 8.82+0.30" 4.06+0.10°
BB B i /mg 54.32+2.38" 213.39+8.92° 97.68+1.56°
FOK BT M kg 1588.33+37.82 1549.67+45.96 1560.33+37.63
FOK I 158 7 5= /(mg/kg) 0.5731£0.0126° 2.4587+0.0709° 0.9776+0.0040°
FOK i ) AR it /mg 910.11£16.96" 3808.40+69.22° 1525.23+30.65°
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Fig.1 Effects of cadmium content in seed culture medium on seed culture process

20 24



5519 W BUHENE, S5 BRRAR ROR KA A 1 A 7™ 2- B R 3 2 B R oL 8 v B 1) S R ML 6373

20 2 390
—e—iE A FORIK il --o-- SRR —— RA Ok 2 —e—IE B SORAKAFHE --o-- FEAR KA AN —e— IR G A A
e 2.5
16 % P B R e |
1E 2.0 ,
s 12 ]{ﬂg(
a 215
© 3 B
£ 1.0 y
pis ’
4 - 4
= 0.5‘
0 - . . . . ] jﬁ(é 0 . . . ,
0 4 8 12 16 20 PZE 0 4 8 12 16 20 24
ISF ] /b B E/h
P1(SE) BB IR A58 3 T 0 7 1 R i R A S
Fig.l Effects of cadmium content in seed culture medium on seed culture process
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Fig.2 Effects of cadmium content in fermentation medium on 2KGA fermentation process

136.00 g/L A247 (23R %11 90.13%). 5 2KGA A9 PURFEFRELO045 & B0 2KGA KA W i 520
G RSN R, FERT 16 h K BER IR, KR LR I 2 AT LAE H e BT R X 45 41 % BT A T R
B A T TR TR BT 23.64~26.77 pg/L, R KT I, SR AHRR IR TR 2KGA TR 2KGA
7o) 2KGA 7E 5 CaCO5 BN VA I T CaCO, Fism; & EVEEIEAN—B WA WA 58 2 Bk R 50 i J Ik T P TR
i 16 h 5, REZEET I 2KGA M A (RS g, R M B ABRAL MR, TR OK | R AR IR FIR & KoK 4
3 R R G LB A 23.45~26.91 g/ P TR 7 k0 32 LB S AL, T 1 )
< 4 i kA A B ) ) .
FRWEEEY 90% LA 1 14, 1 B 32 B2 py B R 45 A 1 1k
% 2 ATH: AR TR BAT S JUIMO1 AkguK 43 BILAIE 2 0 20 B A R Ak IR s T R TR TR B R R R A R
HIOK . SRR IR ARG IR IR IR & 8% 24 h T BV T o ) 2 9T 45 S0 B s, o R Ak I o E 4T R
i, FUL LRI 2KGA B3k 5] 4783.58 .4761.50 B A PR PR AN B S, T LIS B s T A A
F14814.09 g, FAAY SR 923.75.1046.66 F1 953.44 g, ) JC KB R 4
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Table 2 Migration and distribution of cadmium during 2KGA extraction and purification
RV P Sk 5 IEH ROk ik bR ROk HAFK

R EEBAATL 35.08+1.16 35.02+0.78 35.30+0.62

R 2KGA 1) 5T e B /(g/L) 136.35+0.47 135.98+0.39 136.38+0.59
KR 2KGA Bt/ 4783.58+151.42 4761.50+101.25 4814.09+64.36

R BV T R 1Y) BT 43 U (ng/L) 26.35+1.06" 29.90+0.67° 27.02+0.59°
RIS = g 923.75+7.37° 1046.66+4.99° 953.44+4.20°

BRI A F/L 36.80+1.20 36.98+0.68 37.10£0.31

BT 2KGA 15T R B /(g/L) 126.03+0.05 124.79+1.34 126.27+1.68

AL 2KGA Bit/g
TR A%/ (g/g)

PR PR 1Y) T MR 3/ (pg/L)
R AR 1Y) B B /g
AL BT T B /g

FR A 02 v A 1) B 43 B (/)
PR L 188 1 i g

BISCAATL
BASWH 2KGA 1 e /(g/L)
B 2KGA /g
B (g/g)

AU TR I R TR A (pg/L)
BT B B g

4637.92+152.19
0.9695+0.0031
1.96+0.07
72.06+4.78
2512.15+19.41
0.3310+0.0130"
831.47+£27.84"
41.40+1.26
110.76+0.92
4585.67£159.72
0.9887+0.0036
0.26+0.02
10.62+0.45

4615.81£130.80
0.96930.0090
1.99+0.12
73.42+3.09
2536.11+46.73
0.3764+0.0036"
954.60+13.82°
41.80+0.40
109.13+1.61
4562.20£110.80
0.9885+0.0041
0.27+0.02
11.14+0.77

4684.79+95.24
0.9731+0.0067
1.95+0.11
72.20+3.62
2535.42+57.76
0.3356+0.0123"
850.51+12.25°
41.52+0.81
111.66+2.28
4635.07+88.58
0.9894+0.0016
0.24+0.02
9.83+£0.90

XS PR A MR FE AT BH B 5 3400017 SR R AR i ) Ak 34,
BT HTEMEAR D-SHIR MRS Y 2KGA
BIR(BR). AR 2 WLEN, 8 Faeieil)s, B8
FOK L BBREAR RO R A KK 2KGA 7T Hh 4 ) o 1 e
JEHA—F, H 1.95~1.99 pg/L FEMKZE 0.24~0.27 pg/L, A
MENH BRI A 72.06~73.42 pg B E WD E
9.83~11.14 pg, FRBH BT 3cHl B 0T A UK 2KGA )
(A5 2 i EARARACE, A D-SEBUIR i RN AR At 1% 4
AT
2.5 D-BRIAMERA S REAN

J T WRIE LU AR SOR K b 2 AR 7P Y 2KGA AF
A MPUEAT D-SPUR M RN A TR, 4y BILL 3 F
TR RK B8R KRR A KK 7K A 4 R T 1)
2KGA Filthalsikl, W ERib AN RN . 5 e i
FKE I L BRI 25T D-SPUIR MR AL - 28 RBET ™ b
BRI AT RN, 7 BT RF S GB 1886.28—2016
(B EEZRE BMEINF D-SHUrRmgRes ) i
JE R SOR FIIA AR EEOR (R 3), [l I o A AG: Hh 4 1Y
FECNT 0.002 mg/ke), LLEZEREMN, DIRBAR KN
JERLE P2 B SN D-S PR MR A 25 AS015 41
JRUEG: .

Fz3 LUEBKRK, REBRAKRIEESRRAFRRESH D-Fin
MBI B2
Table 3 Quality of D-sodium erythorbate produced using normal
rice, cadmium-contaminated rice and mixed rice as raw materials

R 45

GB

W5 H ”“?%”“Eﬁﬁ*ﬁ%ﬁﬁﬁ*@éﬁ*
BOR HEUR hER

{0 S £
PR SRR e e e

*, F

i A2 %0

gy BEAZER s e
SIS

/% =98.0 98.78 98.82 98.90

FLAERE  +95.5°~+98.0° 96.20° 96.27° 96.38°

#+/(mg/kg) <5 <5.0 <5.0 <5.0
TR % <0.25 0.13 0.14 0.13
pH 5.5~8.0 72 7.2 72
fifi/(mg/kg) <3 <3.0 <3.0 <3.0
% /(mg/kg) - FRGHY PN 81 N o

TE: R Rt
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