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Abstract: Iron-, zinc- and copper-producing pathways and factors influencing vinegar fermentation were examined in this study. Iron,
zinc, and copper content at different stages of fermentation during the production of Zhenjiang fragrant vinegar were analyzed using atomic
absorption spectrometry. The results showed that these three minerals were mainly present in the soluble state in the liquid phase during various
stages of fermentation and were enriched due to precipitate formation. The key factors that influenced the increase in the mineral content in
vinegar fermentative substrates originated from corrosion.of the fermentation equipment or pipes due to long-term exposure to acetic acid and
organic acid, as well as from materials containing iron, zinc, and’ copper, which might be added during the fermentation process. Iron was
introduced into the process mainly a the acetic acid fermentation stage and during sealing for maturation. Furthermore, iron concentration
reached highest levels, of 59.69 mg/L a the leachingstage during vinegar production. In addition, alcohol fermentation was the main stage for
enrichment of zinc and copper, where their concentrations in vinegar reached 18.12 mg/L and 0.60 mg/L, respectively. The fermentative
substrates for vinegar had a strong ability to absorb elemental iron, zinc, and copper, thus contributing regulatory effects on the metal
concentration in‘vinegar. The results indicate that the metal content during vinegar production could be controlled by improving the quality of
equipment, optimizing filteringmethods, or use of metal ion adsorbents.

Key words: atomic absorptionspectrometry; trace metals; adsorption; vinegar; migration

R FE N ) A B R, FEAK R
RS =AN PR, RITER BB . PR R BERITEIR K
W (HA [ 5 W Gl fAE—E 2R, 1 eIREE R
ANE, P EEEEEOK, oK. S 2SN
JEoRL, TR S EEE LN, SRR, Rt FE &
. OWEYER . ORI T ZANA, e,
Wi EHER: 2014-04-04
HeWH: MEAnFEREFE THIRSEITR (20106J5-112)
fE&TET: BEE (1975-) , %, L, BUE, Wi5hE: AREYE
REEHHT

T LM AR 7 T R AR S~ 8 8%, Frings i
R R PR M ) iz O RNL 2 FEFP R, A2 4
FRE U T AT B LPE R L ORGSR R
SREHELET"

BT TR R 2 B, RS RS A E R A
PLRR ZIERR . ISR JEMRHG. . By s
P, H LT A2 M NSEREE VIR M E O R .
WEITREANNEZTTR, ETES5 A AMEARE
HAQUHE AR BIHACNLE, Bk . SO
5N A A dr A R L R TR, B RE T

199



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.9

FAA R AR BEThRE M. &S R e FE AT
B S B AR 5 O B R e Fbr 2 —, F T IX
AFIFRIEEES . X EEEH RS TR N TIEE 2
BT i & B A s X A= A B . 0 Cu i Zn, 7R
IR ER N TR, SRR ATREE .
I A A P AR Fey Zn. Cu 250 RIS
A XoF SIEILE T = it A 4 SR I A R B B
e

BB SR R TR IET B A A
. HTSESTREHFEME RN, FEPE
AR VL AR . G0 Cu. Fe Al Zn 254 SEUH
BVl BARRIER SR, RIS, B 4JE oo
AR i) i B B R . Bt oA R
% R TR BER R CER B BTl iR ge,  an &
TFIROEEE (ABS) . LB A 55 55 T R e il ik
(ICP-OES). Ji F: 3y H BEXY SR £ LB & S5 58 1A I
HE(ICP-SF-MS) & T FEALE: (SCP) & 7T
N T B K s e A E G R T SRR T
Fe. Zn. Cu %57ERIFIIFE H TR B0 B Fiisi b
FEASCFEN Feu Zn. Cu (EBVTAEEA: P Frh i)
TR ATIITL . &R0 20 B &l R AR
(IR A] B )8 o3k 7R A B AR = I A%
AR, K S a4 R R s BA R
e

1 RS

11 FH

1.1.1 B4

3 AT A I A i R A () R TR B B R A 2

W AH HORE o BOABAE S E AR B TP R 1A

(BRI DS #2 IR (BRI AR . ks Al
it CRIRERSG s 9 SRR RS o 15 AFRE S B DL R B
(EE: FTI09 (RERR AR WD « 1)L BRI, G
BIEE R SIS Sl . AN ERE SR, T

1.1.2 F 2iX5]

Fe. Zn. Cu hrvEfE (1000 mg/L), [ SbriEd)
U H 0 HNOs, H02, TEEEF= g 4,
113 EEZMERE

Speedware MWS-3+4k Vi A%, % Berghof 2
Al; AA 240FS Bk G- s 0 i TR IS e T
EE TR Z A

12 F#
121 &ABF Fe. Zn. CUMBIHBE N F 7k

200

AR RS TCER WGV 7 1 FrR. HL
BRI B RBAIAE S (3 4 PATED JHfR 5 75
BEHME Fe. Zn. Cu 5y A& . HL 200 mL ¥ i,
5000 r/min &5.C> 10 min, 33| FERAVTE. B G
TR 0.45 pm G HLIEREREIE o 23 B 2 A Fes Zn.
CuFesmb &, Il (A, b (CBES)
My & TR T

HE R

| o
|
O I g
ik, 0.4 Spm
TR | |
L ik
| |

E 1 BEPRRTEZRESH TS
Fig:1 Separation of the primary form of various elements in
liquid phase

122 #&AAF Fe. Zn. Cu &= 6yl <

BN IR BB RE S 2 mL Tl TH At e
Fy A 5mLHNOs, 30 min 5 A 2 mLH02, K
A Speedware MWS-3+{uBH X (4 [E Berghof 2
A HEMRET GR D #HATIOBOH M, i 2T
FE . SRR ES, FH 0.45 pm A HLIEBGS UE .
K HI AA 240FS Y k@ Js 7l T (SRE TR
HL22) MIE Fes Zn. Cu & (mg/L), R FIHE.
D5 % T6 R AR TAEZ AR 2 fs .

xR 1 REEREURERER

Table 1 Pre-set process for microwave digestion of liquid

samples
HBAZR  BEIC JE 7 IPa B 1] /min
Step1 140 5x10° 8
Step2 150 11x10° 4
Step3 170 21x10° 4

*2 RFRUBIENE Fes Zn, Cu

Table 2 AAS instrumental working parameters for Fe, Zn and

Cu
B K TR R RRAARAE LHRARE
E /nm /mA /nm  /(L/min) /(L/min)
Fe 2483 100 0.2 13.50 2.00
Zn 213.9 10.0 1.0 13.50 2.00
Cu 324.8 10.0 0.5 13.50 2.00

1.2.3 E#F Fe. Zn. CuA= &y 2
HUAS[E] A By B b A R, TR 2 AE 5, MR,
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Table 3 Pre-setprocess for microwave digestion of solid samples

HEA2F  T/C Slope/min  Time/min
Stepl 170 2 5
Step2 190 5 15
Step3 100 1 10
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Table4 Regression equations and correlation coefficients for Fe,

Zn and Cu
TE =] Y3 AL Ak R R
A
Cu cC= ; 1.0000
—0.9548A% +0.0062A +0.2019
A
Zn C= 0.9999
—1.1807A% +0.9022A+0.7526
Fe A 0.9999

C=
—0.3285A% +0.0203A+0.0318

1.25 %o
WP 45 R N PME C=FER) aSD. $diE
41t KR Excel 2007 HH ¥ i XLSTAT 2010 7347 .

2 #R5VHE

21 SURAERBFLRFHIH LN

ARG AT T TR, — 5T Bl Tk
BT RS ERE VIR N S BOE M, R E R R
B fh AN CLEBl, S —T7 T, BRI EA K
SRy, FER RIS, K 50%IH) 75/ 4E A 56%
R4 Lo TR, SRk 2 51 kg i Al AN R 25
R UWHRPRARIDIRE. AITRVE T PRI R
AR RRTR MR A E R . SRE RN
FAFAEIE G DR ANAR M2 3Bk, AR MLz ek &
U =Mk S A A ILIRES s &), =ik
L SR A BRSE A REBIRIL. AR SCRI Rl 8k (14
AAAEMT A BEAT 7007, X Bl Fe JTaE A AR FER 1

FAPRA 17 5 AE R LA A 2 L

a gof —e— Lt s
—— [T & PN
5 A 1t N\
soF ..u:'.‘j‘,‘—‘ AN
—d— PLTE By /f Ve
- W
> T N v
£ -
~ 30
= 20t Q’
10+ e
e i,
0 — e S - .
MR AAY e P33 WAl WA 2EEAR
b 1200
100 -
5 S0t
i
B 0o} | ]
200 -

i} * . . +
KL iLfl RIE BN HEAE B

1 RTRAELBIEDHEN
Fig.1 Changes of iron during fermentation
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Fig.2 Changes of zinc during fermentation
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Fig.3 Changes of iron and zinc in precipitation
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Fig.4 Changes of copper during fermentation
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WR, Wk 4 Fron. HEPREMIERZ G2 (Codex
Alimentarius 2000) . + H H 7% (Turkish Food
Codex 2002) JtFBAAHSGEMHT, (Cu+zn) HIPREAR
HEYY N 10 mg/LEY), Cu. Zn R AEMLFMETER,
AR A BERIEH N RS = 8 25| 7T i
MK JROR KPS bERS . B RS ; Ha
R, ol JGE . Kt 1830 RS A
MEERT . BERANREKKE. MR, ARG, %
P2 N it S E B B AR AN R I e, N Ak
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FERXTEEE R RER . By SR TIRE . 2010 4 5
H, TAFAFHERE L (B e E PAFRE)
8 = TR e LA R AR E R R AR R
fEEY. BMRANE, HEEGH. M. SRIEAE
P T2 R b, REEREE AR W,
BRI A il BeRE Hi K 328 (PMTDID
“0.3~1 mg/(kg bw), i) PMTDI{f 4 0.8 mg/(kg bw) .
e, B FEEE, HE IR ARIE
AnlR AR, B WS AR HamE ek,
BEL OO BT, XU —SE R o AR A S SR
RIE SR 4 45, R SHADE ZEBHEE, B
FI1 Fe & Zn Ju R [ K QRS RHIE L — . 28014
AR EEEHSN Fe. Zn. Cu B8 &4 HITE 16 mg/Ls 3
mg/L, 0.26 mg/L AL, iXn]ggddk EE SuliE & iy
TEREORAFIA 5 TR D TE I 2R R 2 —.
# 4 TEREEH Fe. Zn. Cu TREE
Table 4 Contentsofiron, zincandcopper in differentorigins of
vinegar
# 5 Fe/mgll) Cul(mgll) Zn/(mglL)
BEIGLH). 36.7840.72 0.4330.02 22.15+1.36
AE2(TP) 37.9620.29 1 0.60+0.10 22.48+2.5
SEI3(LIF) 41494236 0.6940.16 16.5242.71
ABr4(hdE) 37404025 0.3420.02  7.460.33
AB50LE)  17.9820.31 0.4540.06 4.4130.05
AB6(:LE)  53.6444.28 0.2620.01 11.59+0.58
SEET(TH)  16.8040.18 0.4540.07 2.9530.21

B ABS(TH) 38.2540.45 0.5240.05 16.580.33
RABLCIH) 16152002 0.2820.02  0.9240.02

3 &g

WA KA Fe. Zn TREBIZE TSR
BEErla. AR IIRE T ek B TEM iU |G
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