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Study on the background value of aluminum content in pickled Brassica
juncea from Huarong County
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(1. Hunan Provincial Institute of Product and Goods Quality Inspection, Hunan Key Laboratory of Food Safety Detection
and Early Warning, Changsha 410117, China; 2. Huarong County Inspection and Testing Center, Yueyang 414200, China)

ABSTRACT: Objective To understand the background value of aluminum in pickled Brassica juncea in the
Huarong area. Methods Taking 8 townships in Huarong County as monitoring sites, a total of 180 samples of soil
and fresh Brassica juncea were collected, 218 samples of pickled Brassica juncea finished products from pickled

vegetable production enterprises in Huarong County, 30 samples of pickled Brassica juncea products from Huarong
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County on the market, and 40 samples each of bittern solutions, semi-finished products and finished products formed
by different pickling processes were collected. In total, 548 samples were tested for the content of aluminum element.
Soil samples were detected by HJ 1315—2023 Determination of total amount of 19 metal elements in soil and
sediment-Inductively coupled plasma mass spectrometry; fresh Brassica juncea and their stems and leaves, pickled
Brassica juncea samples, commercial pickled Brassica juncea products, and different processes of brine solution,
semi-finished products and final products were detected by inductively coupled plasma mass spectrometry (ICP-MS),
the first method of GB 5009.268—2016 National food safety standard-Determination of multi-elements in food.
Results The average value of aluminum element content in the soil of Huarong County was 67.82 g/kg, and the
median value was 68.81 g/kg. The average value of aluminum element content in fresh Brassica juncea was 97.02 mg/kg,
and the median value was 85.30 mg/kg. Moreover, it presented the changing rule that the aluminum element content in the
leaves was greater than that in the whole plant, which in turn was greater than that in the stems. The average value of
aluminum element content in pickled Brassica juncea in Huarong County was 34.74 mg/kg, and the median value was
32.29 mg/kg. Conclusion Eventually, 82.90 mg/kg is selected as the background reference value for aluminum
element in pickled Brassica juncea. By comparing the aluminum content in pickled Brassica juncea produced
through different pickling processes, it is recommended that enterprises adopt the methods of secondary pickling or
clean pickling for production to control the residual amount of aluminum in finished products.

KEY WORDS: aluminum; Huarong County; pickled vegetables; background value
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Table 1 Aluminum content in the soil from 8 monitoring sites in Huarong County

Hb X FEA L Ao E (g/kg) T EE [ (g/ke) A5 (g/ke) Pos(36 95 H 41 %)/ (g/ke)
iR 20 66.32 53.26~77.61 66.02 77.36
pa Rt ANET S 16 68.76 48.71~76.42 70.21 75.57
— B TR 9 71.29 62.67~81.01 70.34 74.35
A 8 69.08 54.25~77.15 70.76 80.03
i FH I A 12 63.75 54.46~74.74 62.70 75.83
bR LIR35S 7 69.88 61.72~82.76 69.04 79.85
J7 8 69.43 64.23~76.32 68.48 74.99
& LA 10 67.39 58.25~75.21 68.88 74.01
At 90 67.82 48.71~82.76 68.81 77.26
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FH1TE

S350k 67.82 g/kg 1 68.81 g/kg, FHIEAIM AT, KM
HIE A SHE/NT 10, fWBEELIHE/NT 3, UilTi% g B
ABIEE M, HIESSAh R 1, R E e
b EEAE TR 58~78 g/kg IX[A], 5 EEIREIIZ 87.78%
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Fig.1 Normal distribution curve of aluminum
content in soils of Huarong County
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BRE, 50%Lh FZMAEA R & RTEE A 90~180 mg/kg,
75%LA I AE 69~230 mg/kg Z 7] {HZEMth 88 B 1 shTE
FEIEER, [Al— M s R AE RT3 R B I A A AR
E5, XATRES BT R R BER K, IR AE K
rp, Semt AR Bt S A S v Y AT R, (S
ACEARE R AR 40 2 B TR R
222 #FHEHFREHNBEE

X 90 U BT SRR HEA TR S A, A4 R
W22 3. BRI, BT RS AT R R I M, A
A, N 47.85 mgke, JAMEFH TS, A 78.73 mgkg;
75%LA b ZEFREAR B4R B i A 7E 26~81 mg/kg Z ] .
223 #EIFELARGBELS

X 90 (BT AR TR A A, A INAS SR I
4 BHERY, FriETe etk RS = TIESY 97.02 mg/ke,
HAE R 85.30 mg/kg, , HerI@AEIIEAAR,  81.37 mg/ke,
M2 s, M 143.59 mg/kg; 50%LA HAMREAS 4R ST Rl
TE 56~118 mg/kg, 75%LA_LFE 43~150 mg/kg Z [l

% S BUB IR SRR | ZEFF RIS REEA 4G T 4R
JUE, BRI, BT EEE S T R AEAE R,
A 5ER A FEA RTINS R, AT R . X
SRR RREA, PTRESREAR AR . 220, REARRUAE
THEPEEREZSHEEER L. 7N, HL SRR
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Table 2 Aluminum content in Brassica juncea leaves from 8 monitoring sites in Huarong County

I g FEAEL R P/ (mg/kg) PRI/ (mg/kg) FFE{E/(mg/kg) Pos/(mg/kg)
Tl T4 20 156.49 31.65~444.61 145.52 327.89
G 16 154.62 43.22~349.69 146.20 281.81
SR 9 155.08 67.53~303.90 130.53 269.56
Az 8 180.94 107.73~305.87 155.44 285.62
H FH i) 4 12 130.96 52.39~338.63 88.41 309.87
PEREIRE 7 144.32 95.60~297.08 107.73 261.87
J7 i 8 138.50 90.03~164.05 145.34 163.89
& LL4E 10 104.83 65.49~139.90 98.11 136.95
A1t 90 146.50 31.65~441.61 129.14 304.98

=3 ERBEMNSNMENSTTREH SRS S
Table 3 Aluminum content in Brassica juncea stems from 8 monitoring sites in Huarong County

M5, REARL & P {E/ (mg/kg) T RTE/(mg/kg) %/ (mg/kg) Pos/(mg/kg)
Tl A 20 47.85 23.40~114.86 4337 101.24
g 16 62.64 20.73~134.11 4721 128.68
=R 67.33 33.69~118.13 62.15 110.81
Az 64.05 33.12~103.83 63.65 97.65
A FH I 12 4981 29.81~84.03 48.18 78.79
TR AR 78.73 50.73~156.33 61.52 142.72
J7 i 66.27 53.59~104.51 58.29 95.45
& LL4E 10 60.56 44.71~97.83 55.69 87.19
At 90 59.58 20.73~156.33 53.85 113.92
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Fd4 EFENSNMNENSTTREKPESR
Table 4 Aluminum content in whole Brassica juncea plants from 8 monitoring sites in Huarong County

W A FEARL B 5 P 3(E/(ng/kg) T RTLE/(mg/kg) FF 57 $5/(mg/kg) Pos/(mg/kg)
TR 20 81.37 25.05~191.98 75.43 164.69
T8 16 109.21 23.32~203.05 85.06 200.81
SR 9 111.26 85.38~182.96 116.84 163.43
Az 8 143.59 75.22~262.50 122.10 251.04
A FH T8 12 82.42 23.66~159.97 52.46 135.14
BT P 7 116.79 72.43~206.52 87.24 189.72
T3 JHE 4 8 95.84 72.20~123.53 89.48 123.33
B ILE 10 82.26 50.92~111.45 81.07 106.19
At 90 97.02 23.32~262.50 85.30 199.78

224 #EFFELK. T EFGBEERA

R EL 8 AN WE I ST EE ST SRSt | Z5FF LA R ARk
PR AN S i AR, SRS & Yy
(B = 25 8T 0, T4 RRRE S i IR G TSR ZERT, K
B m b T3 FIZERF 22 ],

®5 EREMNENRTTREBMUES ETHEme/ke)
Table S Average aluminum content in different parts of
Brassica juncea from 8 monitoring sites in
Huarong County (mg/kg)

WL REAKKL £/ nt EVEE
T 20 81.37 156.49 47.85
T PR 16 109.21 154.62 62.64
SR 9 111.26 155.08 67.33
EiNEZ 8 143.59 180.94 64.05
A FH W4 12 82.42 130.96 49.81
PERIR; 2 7 116.79 144.32 78.73
J7 R 8 95.84 138.50 66.27
& 1L 10 82.26 104.83 60.56
A1t 90 97.02 146.50 59.58

R 25 R B R BT SR A RR A B0 R, S50
SR T AL, IR RS RS AT P AR T i A
X, e S AR ST SR T R AR AR
225 HEJERAFEBEZLAEL

X AT B 25 MR I AR AE Y 90 1y BT F T 3 SRR 2 1
MR AR 0 B, HS B AL 6. i 6 W]

A, B 50%AHEA PR S R TE 40~100 mg/kg Z[H],
B2 11%REAR &R 160 mg/kg, X ] REIRBURE I
M ZERFI AT G

2.3 LERBERIAE DA FRIBEIST AR F
mEE

R LEEIX NI 8 KA ™ il A= 77 1 218
Dy T T S B Ah RR A, T SRAE S AR N 12 v R 8 5 4
R IR B S 5B C F A SRR, RS EETR
(R RHE i, BT RFE SR PR AR AR O R B, FRAh
FEA PN TR AR T AT AMIEER A A, i TP AR T R i
Bk A5k, A2 B 8 RS A A ™ i T 22 ™ i
PR SRS IS R IR 7. IRINEESORE, i ik
WK THICE, KHRR 100%. R R Al A ™ i il
IPRFEA MR & I FME A 858, X W] g5 0T SR
SR ERCR SR OC, SN, RS A
L, JPRWM ST R SRS, ARt E SR,
BRI SEREAR & i FH{EAE 30.69~39.37 mg/kg
20, FARESR P 34.74 mg/kg, HAEHN 32.29 mg/ke,
T5% B IS AR S TR 22.53~44.94 mg/kg Z |A] .

M 8 AR & RIE IR, B 2 KAl F s
TR R IS AR T P 2 800N, HeA il A 7= B RE
P8 e TP O, B b LATT S R S5O A 7 1) il =
FRICER AP 2 I T i, X UCHITERE
, FES SRR E.

R6 KEFEFREKBLIESHER
Table 6 Distribution of aluminum content in whole Brassica juncea plants in Huarong County
6
g

fihs 20~<40 40~<60 60~<80 80~<100 100~<120 120~<140 140~<160 160~<200 =200

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
BR 8 13 20 16 7 10 6 5 5

i H/% 8.89 14.44 22.22 17.78 7.78 11.11 6.67 5.56 5.56
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Table 7 Aluminum content in the pickled Brassica juncea produced by 8 pickled vegetable companies in Huarong County

HE PRl FEAH YA /(mg/kg) o il /(mg/kg) fF {8/ (mg/kg) Pos/(mg/kg)
Ak 1 42 38.79 10.40~82.61 38.70 70.49
) 31 3322 9.82~82.90 26.68 78.94
il 3 23 31.88 11.56~68.73 31.00 68.44
Al 4 29 35.24 10.83~75.33 32.88 79.80
il s 25 39.37 12.67~72.40 40.68 71.44
il 6 19 33.02 10.26~57.55 33.24 57.55
Al 7 24 32.54 12.44~49.79 32.19 49.79
Al 8 25 30.69 13.83~53.61 28.60 51.82

At 218 34.74 9.82~82.90 32.29 68.40

24 BHRTRPERKENRE

HEAY BLEEIX Y 8 FEMESE Al A 7 AN [FIE R 9 218
3 R T T SR L b AR AR A 40 B e LD S (B A T o0 B, R
88 IREA 4R & B MG TE 10~50 mg/kg 2], TR RAE
4 218 Y I 32 B0 AR o B HEA 740 3 B A IE AR 40 A1 43 HT,
KL RHE/NT 10, WELIHENT 3, BiZA
BlEIEAR L IER D, PEILE 2. BEHITFSRREA- 2 R
34.47 mg/kg, 95% M N MBS X AR 32.42~36.51 mg/kg.
FESCHRYERE, DISEISMEY 3 R bridi 22 A A S e KA T
FCBRA S S ARME, MVIE S 3 b2 AN
FEARIRRAA RS, AR KA VR A TS A0 i i AR TS
MIEYS 3 FAMEmZE I TR, LIS 3
f bt 22 A FNVE A T S i an & B RAR IR (E 0, &
T 218 (B T FEAR B R S REFIME S 3 bt fi
2EMFIR 80.70 mg/kg, MFEAHHYE AN 82.90 mg/ke,
I, HEER ISR AR S AARR(ELL 82.90 mg/kg 4
Z%{H,
25 WERESSTRTESENE

Xt REALRIA R 30 fraess BA: 7= (g I IT SErE Ak 7
K, FEAEG IR . ZRIT3E . BIM RS, KM
ZERTEILFR 8. 30 IFEARMAR SR HIE A 38.34 mg/kg,
ZRRIT MR PR S I L Pos. RIS
MR T 82.90 mg/kg, FEANMIFEARE Y Hil v 3250
AJRAE R EORVE L, (BEBEREPBRE T 1 EEAR

BB, A A S A B A I T S R A IR AEL Y
EORTEM

30F 7

|
10+
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0 L . |
0 20.00  40.00  60.00  80.00
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2 AR 8 GRS A A M T 3 A
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Fig.2 Normal distribution curve of aluminum content in the
pickled Brassica juncea produced by 8 pickled vegetable companies
in Huarong County
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FORR, FERl FEREAE L2 RIS — UM 0 (2) — UM,
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Table 8 Aluminum content in 30 commercially available Huarong pickled Brassica juncea samples

A~ L e

FEARZFR FEA P {E/ (mg/kg) o BV [ /(mg/kg) i f/(mg/kg) Pos/(mg/kg)
ZIRITH 9 31.52 11.82~55.81 28.23 54.65
RS 8 39.96 6.16~76.77 36.80 73.95
BIRERE 13 42.05 11.53~121.05 37.25 88.24
Hit 30 38.34 6.16~121.05 33.66 73.15
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SRR A EARIE 309
TR, ORISR, T — UM 2 B AR AR
e MERITWSI A, SRR, TP SXGE sh

K, B M TR, ARMERTITA K, A BIK IS5 SR
2, N A A BARER P iR T3 R . — K A e,
M FAr AT A R A, 6 v 35 98 A0~ B TR AR
e, (R i Ve Bk A5 2R TS B A ah DL —
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Table 9 Aluminum content in bittern, semi-finished products and finished products during different pickling processes

FE i T EIRV€1 S Y{E /(mg/kg) FF {8/ (mg/kg) Pos/(mg/kg)

I R 9 9.54 13.92 9.81

EINEIR AR — Rl 14 30.70 65.67 36.56
P VIl el

IR 17 23.70 38.59 24.11

T 77t M 9 4735 55.76 44.09

2 B _— — Kl 14 102.10 129.02 101.56

wIE —

TR 17 76.52 119.30 78.21

I R 9 28.48 34.26 26.90

T — Rl 14 65.07 79.63 62.64
ik VIl el

R M 17 39.70 56.43 37.98

3 & g BB A R, FLS & RS BN T B,

ARUFFER R BEERX N 8 AW s i 30, B EETT
3, WEHIIFSEREA, AEET T TR MER .
B AR BT T AT . Sl Z MR LT, K
AR E PR S BT IE R 67.82 gikg. HfEITR
W, SRR A R T ARCERY, RIS P LA
85.30 mg/kg, 75%LA IR S A 1E 43~150 mg/kg Z[H .
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