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BE . T HIHEEE Chenopodium quinoa Z:32)E Chenopodium A4 H o e E S 20, DIHHT A FEH
B4 ‘Bg#E 15 Ch. Quinoa ‘Longli 1’ ‘H%Z4-5° Ch. Quinoa ‘Qingli4’  ‘¥#Z 25’ Ch. Quinoa ‘Jili 1’
Fl£12E Chenopodium formosanum 4 Al (Fh) SRR, SR A AR B R A & 5 R i (ICP-MS)
RINERE AR RS, B, B B BN, B WL B 8 PR AMRLTRRVE BERIA RS MET FOCE S &2, I
W BTSSRI, GEREW, R T g AN, BEEREEN AR, W ie BoC R & BRI
VRS AN AH ], & 5l S BURARUCH B > 55 > 88 > 8% > 45 >80 > 88 >4, Hop 85 B 2R W b, mise . .
B BEE TR, SSEMWNRE, . 8. WEENSHL, BihSENMEHIRESmEN; FERhn
B RRSTREE, HoPEE RN 179 g-kgt, BEEIENIIL 1057 kg EREEIYIEIS 27.1 mg-kg
Bk BE MRS EINESH 20.3 mg-kg™t . 11.6 mg-kg™!, 1.21 mg-kg?, AN, BESEEAR, 49k 0.013 g-kg™ Al 0.59
o-kgls EREFE MBI, HACATER, BTKSKRIERE, WA ROCE SRR
KA. 2FE; WA AR, mROTE; i SEE; ICP-MS ik
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Dynamics of Mineral Element Content in Leaves of Chennodium formosanum and Cultivars
of Ch. quinoa during Growth Period
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Abstract: In order to find out the content of mineral elements in the leaves of Chenopodium plants, taking the four main varieties of quinoa cultivated
in China as the target, the content of eight essential major and beneficial trace mineral elements, such as calcium, potassium and magnesium, in the
growth period of quinoa was determined by microwave digestion coupled plasma mass spectrometry (ICP-MS), and the dynamic content of mineral
elements was analyzed. and the dynamic content of mineral elements was analyzed. The results showed that during the edible period of quinoa leaves,
the mineral element content and increase/decrease state varied with the growth of quinoa. The highest content is potassium, followed by calcium >
magnesium > iron> manganese > sodium > zinc > copper. Calcium showed a gradual upward trend. while potassium, sodium, and iron showed a
downward trend. and magnesium content was relatively stable. The dynamic content of manganese, zinc, and copper were similar, with an overall
balance and a slight increase followed by a decrease. Quinoa leaves had high levels of calcium, potassium and manganese, with calcium content
reaching 1.79 g-kg™, average potassium content reaching 10.57 g-kg™, and average manganese content reaching 27.1 mg-kg . The average content of
iron, zinc, and copper was 20.3 mg-kg™, 11.6 mg-kg™, and 1.21 mg-kg™, respectively. The sodium and magnesium contents were relatively low, at
0.013 g-kg™ and 0.59 g-kg™, respectively. At the end of the life cycle of quinoa, its leaves was no longer suitable for consumption. Due to the significant
evaporation of water, the content of mineral elements increased exponentially. This article aimed to provide technical references for the scientific

consumption of quinoa vegetables by tracking and analyzing the dynamic content of mineral elements during the growth period of quinoa leaves.

IS HER: 2023-04-18; 1E[EIHHA: 2023-07-07
SR tNralLmiE4mE (RAKREME (2021) 1015 ) ; #NTARHETE BRI L3 ( 2021F1065-9 )
EEBN: RBNFT, SRR, MNEREREMC S E-mail:zjlswyq@126.com. JEE1E: i, S LR, NEERLEWIT;

E-mail:yangliuxs@163.com,



6 4 M 55 BRI A AR R FOTR S B 61

Key words: Chenopodium quinoa; Leaves; Growth period; Mineral elements; Dynamic content; ICP-MS method

#25 Chenopodium quinoa /& if} Amaranthaceae #2J& Chenopodium B—FHREVEY), JRF=T RS2 LM
X, B4 EAZ) 7000 SRR U, REEZNEFIE AN ERERESY, HE S NELFRZREIERR |
T, SAMERNENIEEY, SERRVEFRERAECh “EFREE” ), RZBGERRAL S, 20 ikl 90 4F
Ay, hERES A, BRTCEHR . B, Wb, HK. NSEEEE . BIGRKREEMAE, EENMNE
4B #E Ch. Quinoa ‘Longli” . # %2 Ch. Quinoa‘Qingli” . £#2 Ch. Quinoa ‘ Jili” FlIZZdt 412 Ch. formosanum ‘Dongbei’
%, FEEITIA 2 200 kg-hm?, B FEERCPHFERY, CSCOh KIS O AT ED S RVE AR & FERLAE,
B AR T B s e, R R E S SR, 4k E ¢ SEREIEA R
JEU P YRR RIS A ZE 20 ~ 30 em BZEZEANIEEH BT & Y, BAE AR e FIREG N7 R A T3
TR, FFpioss | B, MEST RSB EE S THHE/NE Triticum aestivum, E&ZR Zea mays Z43471'61,

B AR K R R S BRI PR  AE KRR B A SR, W, Wim . RIS . BT
FRFERIFARE L, BiE A D& SRR AWE SR A R 22 52 A e], ZEE RSN B S E TR
TP AWRE A K BT R S BEARHTIRER 00T, BRI SR bR A e R
HARSH,

1 AR

1.1 iedst

EPE ‘BE#E 157 Ch.Quinoa ‘Longlil * ‘#%£4 -5’ Ch.Quinoa ‘Qingli4’ ‘%225’ Ch.Quinoa ‘Jili
1’ FIZr#Z Ch. formosanum ZEWT.48 4k 4 FIE2JRAEY A SCIoAPEL . Pl P RO BB
1.2 RIG MR

IRIE T 2020 4 9—12 HAEWHTAHUNITPEB XL Mol Bt 5t B 5 H( 30°13'1.2"7E, 120°1'32.52"N)
BEAT, R 4398 pH (B8 6.1, AU, % AR B S 20k 55.9 gkg' . 2.7 kgL 30.9 mg-kg™! |
85.1 mgkg'. MBI NAE, W, WER, &FETHEN 178 T, FFHHHEE N
70.3%, 4ERE/KE A 1454 mm, 4FHBRECH 1765 h.
1.3 SEIgIt

R , FASR 6 IREE, k24 A~/NX. BAYNXEIHEEDA 0.5 m x 0.5 m, AHAS 2 A~/NX[H)
B 1 m. ZESEFIE R R I% 72, #EFhIA 1.5 cm, 2020 4E 9 H 15 H%Fh, B 00 S S fl AL BE TR M
ERFENERKSE 4~ 6 Iy, BETHE, EKE 7~ 10 B, BETER, HEE R IRIE, RiEie
g2y, (PRI RS 4~ 6 WHHFLE R A, SEFEIE T SR ERIIRE 1~2 b, 258 6~ 7 d Bk, B
Fertia) s 9 H30, 10 H6 H. 10 H12 H. 10 HI18SH. 10 H24 H. 10 H30 H, &L 6 IKJG, Hbk
R RIFSEE KIS, ZEH REAEEH, &k 60 d J5F 12 H 30 HEUGE 7 ikiesh (THE) o FIRKEL
FEGRNgR S . HiIRE. UKER (=18 C) 17, SEMCATRBURE G 58— R 55 55 - A S DGR M i ASUR  43-477 -

1.4 WERITESH R WOEERER

1.4.1 =N 0 Y 1 F ih: , > Tab. 1 Microwave digestion process

N Gkl “? fﬁ%ﬁiﬁﬁ””?m*ﬁ‘ ﬁﬁ?ﬁ‘%%’k B %W JHRM ) min WEC_ B min
e, A 2 e R K4y, B FREARHTEBE ), 1 1440 5 130 10
JHEPRBUBES), — 18 CIRTRIERT. R : o .

142 FEEIEMA HERPRBUE S EHRE 1.0 of THEFREL0.5

g, W ENEUSEUAL) TROIEME T, 05 mL JKASERF 0.5 mL BUEAUK, MIEHRER, BONBIHAAGH
fi, THARRERPINGR 1 B, THMRSEER)E, 13, 221801, T 100 CTHAA 20 mine &4, EAwH. [
iR
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143 FRoEdEH o ECHIES . Bk BE. BEL BN BERRUMEIRW 1 000 mg L, . R FRUMEIE 1000
ng- L, SR ERINEIZ PAREYIGE B 2 e 8 bR TSI (5+95 ) BRMREECHI R &
PREEFIE AT, HICRBUREL, WARKTRIRIEIE 2 PR,

Fz2 EBRRRY
Tab. 2 Standard solution

P Wk s PR R 5 T iR

E B 23 94 BN 76
B Sc mg-L"! 0 0.50 1.00 2.00 4.00 10.0
5 Sc mg-L"! 0 0.20 0.40 1.00 2.00 5.00
2 Ge mg-L"! 0 0.20 0.40 1.00 2.00 5.00
# Sc mg-L" 0 0.50 1.00 2.00 4.00 10.0
Ll Sc mg-L" 0 0.50 1.00 2.00 4.00 10.0
B Sc mg-L" 0 0.50 1.00 2.00 4.00 10.0
LT Ge pgL! 0 10.0 40.0 100 200 600
h Ge pgL! 0 10.0 40.0 100 200 600

144 BREMBEFEHTHR (ICPMS) BIEARSEH FRIEEL 3 G, KOG ERE TR, HE
TG, PRhRiE R AN TARRRTE N IR S S TR TOE, WETTRE TRMVAE, DIBCRIREARATR,

WA AR, 2filbrifE 2 FR e A TN
%3 ICPIMS UK ARESH
Tab.3 Technical parameters for ICP/MS detection

ZH L Jaa 2 M 2 . las £ L as
SHTh R 1450 W ARME 42 L-min’ RFRIR 10 mm SRAERTIN H ah ki
EETHAARE 15 Lomin” FhERE 2 C (45 Ertaand 03rs™ EE IR 3
RERE 0.8 L-min”' ZAiha =t W 5E 25 15 SR iz
AR 0.5 L-min’

2 HBRH0HM

21 WEREVRTESEDH
211 HEEAKHRAEEEDA FEARKNH

Frofuiips s RANAIE 1. I 1 T, (EREL oo | s

it B, PR A R TR R, 800 | e R

HEG— B H 0 A BT — R - 700 | R

M. —URURER (9 130 H) L St B (ot 2 000 —— %

K 5~6cm M TE 3 ~4cm), FEES KRR, g 4:00 I
REWBEIRE, R KA, 10 18 ¥ 390 |

HE, - mE IR AR IR (4 9.2~ 9.5 cm . 58 9.3 200 F _

~9.6 cm ), BLJG M HIBCHH BASE.. 1 6 YRR, eer_ .
BEMN S SKETLE . BHEEWIS, 1t 930 1006 10.12 10.18 1024 1030 1230
BRI T . 5 7 UORRERT, Bk REER

¥R g ma, AR ESOK. HEHZE, AR
o FEM F TR BB, a3 B e S e Ak
THEAKT, FHHE—UCREEI 1.51 gkg' %
566 YCRFERTEY 1.79 gkg!, HAERWESEES 3 fb
FFMAY 1.3 ~ 1445, ‘B3 1 5 WH 2 5 HEE 4 5 fEn & FI AP S P S il 1.35 gk
1.31 g-kg' Fl 1.40 g-kg'c HbESE S S REONFE 4 R, a3 s S Bfi e, HoE: ‘H#4
BOHEAF 2SR B 1S o WAAEE, HTPREKMERNT TOCEASIEL, WA PSS ERIE
b, EREEE B 19, 5891 gkg!, HUE ‘HH4S (789gkg!) . aF (443 gkg!) Fl

B1 RZAEXARYTAHSENE
Fig. 1 Calcium content in leaves of tested species and cultivars during

growth period
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‘WA 25 (347gkg!) .
x4 FEEZMTREAAEBT RTEZSETRERY

Tab. 4 Coefficient of variation of mineral element content in leaves during edible period of tested species and cultivars

TiYuaGup) FE1% /% /% /% /% £5/% BE1% BR/%
‘P15 22.0 10.9 10.4 17.8 70.8 14.1 14.4 13.5
‘WA 25 29.9 13.0 5.6 16.6 73.6 11.1 6.9 16.1
‘HH 45 19.8 12.6 12.7 22.8 477 215 20.6 255
a# 11.9 12.2 6.5 12.2 39.2 24.1 18.2 17.0
212 HEEAKHvRHFEDS FEERKIN
S E R 2. il 2 W, 7EREEM 40.00 ¢ — BRI
Rl BB, R A S R R R TR, 3500 T —.— A
_ . , - 00 ‘HEAS
RIS 1.6% ~ 25.0%. 4 FhaEzamt Fvi 4 ity 3000 LR
o o ~ 25.00 |
ik 9.61 gke', Johagthmgma iy B |
R, 151057 gkg!, HUGR CBEE 1S CH 2 0 L
45 A OEFE2S, Hb s ESEY & 1000 |
9.3 gk LLEIHURE RN AR S BRSO 5.00
i EN/E R = 0 ==t 0
Wi, OO %%27 (21.8%) . :§4 930 10.06 10.12 10.18 10.24 1030 12.30
B(8.54%) o CBEEE 1S MRS R RREE
E, HARSZRECN 10.9%, HIRKREAEE, ‘HEHE 4
S ) e 23 L SN
S9OSR 2 Ak 4 BN, e M2 RAELITAREEANS
%j{ﬂ%k}{- H A%E&EE@%% ‘WE% 1 _%, Fig. 2 Potassium content in leaves of tested species and
s FN = [=] N
ijS 36.94 g-kg'l ,ﬁ?ﬁ%‘%ﬁ 4 _:.5_, ,j’»j 29.99 g-kg'l, cultivars during growth period

AR CBEA 25 MR, Rk 12.55 gkg ! Al 12.69 g-kg s
213 FEEAKBVREGEDS FEERKHRESESWE 3,

7.00 W 0.09 r —— ‘BEEIS’
6.00 | —=— WE2E 0.08 —=— WE2E
500 F AT 0.07 1 R
> e 4T HE ~ 006 | —— YT HE
o 400 F & 005 t
0 .
— 3.00 004
B 200 | g 20
0.02 +
1.00 +
e —————— ¥ 0.01 +
0 1 1 1 1 1 1 0 1 1 1 1 1 1 ]
930 10.06 10.12 10.18 10.24 1030 12.30 9.30 10.06 10.12 10.18 10.24 10.30 12.30
SR H KA
B3 REXARITRESENE B4 REXAERYTRSENE
Fig. 3 Magnesium content in leaves of tested species and cultivars Fig. 4 Sodium content in leaves of tested species and cultivars during
during growth period growth period

HHIE 3 Br%n, R Rl B, MR P EBES AR, B EEIE R 0.59 gkg'. Hrp, aga
FrpEES RS, X073 gke!, HUOE ‘H# 25 | H0S5Tgkg'. ‘BEEE1S Ml EHE 1S SEM
i, 9k 054 gkg', 051 gkg's MIETERIAENRE: ‘HE 25 | ARREICY 5.6%, HUOasE, BEE
15 fl“HEE 45, g4, HHMZEG, SRS RERIE BT, HbSsRamld 15 | k637 gke',
HUGE HH 45, R549gkg’, WRM A2 5 ML, HHIN 243 ke’ 228 gkeo

214 B AKHRAEESS FEREKYH oS 83 miE 40 i 4 w5, EREE RTa
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WYBE, e Bk S PR, FRIEA 22.3% ~ 44.9%, 4 RIS b i an S B9 R 0.013 g-kg”, H:
Hr, o CBEEE 1S M AN S RIERS, 150016 gkg!, HUUE ‘HF 29, h0.015gke!, ‘FHH4 S
MLLFH 0.011 gkg'o FERTEHIN, WS BRRIRR NSRS HH 45, H44.9%, HIKE B
15, 8 36.9%, AHH 25.7%. AR A BRI RRE, AR ARECh 12.2%, HiR ‘HEE257 Bk
15 M CHFH4E , W4 WHAHEE, ISERE T, DhEERanE 1S | 50077
gkg!, HUE HHF4S |, H0063gkg', ‘HE25 R, 5514 0.023 gkg! F0.027 gkg'o

22 BRMETRTELENH

221 HEEAKBRKEEDS FEERMH APRSEISISIE 5. BIE S v, EFEZE Rl A
W, Ak S Bk R TR, FRIE R 48.2% ~ 78.5%. 4 FhEEZ24k SR I9MEh 20.3 mg-kg!, H B
1S WBERES B, 15289 meke!, MR ME2 5, 5205 mgkg!, HH4T AL
B4y 504 16.8 mg-kg' Ml 15.1 mg-kg' o FEVT MM, RS ERIER R BEFE 157 (785%) , H
Pk ‘HWH 25 (75.6%) . ‘HH4F (68.6%) . TERTVUYCREERE S, WP iygim i, 10 H 18—30
H, Wk 82N, 5250 6.0% ~ 12.0%, WAL TSRS 2%, W4, HEHEE, &
ERKIE I, Hh S RERETE PR 1S, K223 mgkg!, HIRE HH 45, H175mgkg', M
25 MR, 294 65.4 mg-kg' Fl 62.0 mg-kg™',

400
240.00 o | —— PR
—.— DS
200.00 | 300 |
5 16000 & 250 |
£ 12000 | g 2001
> < 150 |
¥ 8000 | =
=100
40.00 50
O-OO 1 1 1 1 1 1 ] 0 J
930 10.06 1012 10.18 1024 1030 1230 930 10.06 10.12 10.18 10.24 10.30 12.30
SRR H 3 SRAEH 3
BAS REAKRITHE4LSEDS Be6 REAKRIThHESEDS

Fig. 5 TIron content in leaves of tested species and cultivars during Fig. 6 Manganese content in leaves of tested species and cultivars

growth period during growth period

222 HEAKMcTRAE. #. WeERS BEEKIMRTHIE, 5 SRS 6. 18 7 Rl 8,

140 r . 12 - .
—o— ‘BEF1S’ —o— ‘BEE1S’
120 * Caeaes s
—a— WS 10 - —a— HEDT
100 g ~ gl ‘HH4T
—~ L 50 yTRE
:2’) 80 i v, ] —— 2 FE
. & L
éﬂ 60 \\g
= 40 f E 47
&
20 + 2k
0 el ! . " L L ) 0
930 10.06 10.12 10.18 10.24 10.30 12.30 930 10.06 10.12 10.18 10.24 10.30 12.30
T R
B7 REXAERYThH2EDS B8 REAKHThELSEDNS
Fig. 7 Zinc content in leaves of tested species and cultivars during Fig. 8 Copper content in leaves of tested species and cultivars
growth period during growth period

HilE R, AR ol B, WA PEOEL . B SRS, RS BRI HE RIS,
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PEAI10H 6 H, S-S EMME R 27.1 mgkg!, EESEIER 11.6 mgkg!, SEEHEH 121 mgke'. 10 H
12 HHl, ZHERAK, SR ICRFESE RV, 4. 5. S EERRE0 50 11.1% ~
24.1%. 6.9% ~20.6%. 13.5% ~25.5%, WF 4 P, 567 YRR, W 3 F i & 2 W RiE EF-, H
HMIE R A CBERE 15, MR EOEE. B HISTE B 10 H 30 HEFE) 115 5. 8.7 f%. 7.6; HkE
‘R4S, WS, BE. AES R 10 H 30 HINGY 11.4 4%, 9.6 1%, 7.1 4%; 2082 Frrbines . 2.
BEEsE 10 H 30 HEFAY 4.9 £, 43 £%5. 4.6 5 ‘HFE 25" WAL, B, SIS E05E 10 H 30
HEFE) 4.5 6%, 3.4 6%, 3.4 1%,

3 HwEit®

I H RN AR F AR REZE SR (Fh) BB 15 HE 45 HE 25 AiaEm AR
U BOCE S BANARIITIRER T, VIR TR & I B R ERE SR 8 B BUCENE
RO ERZZM AT I, BB A, W b BT R S R ARSI IE . S S,
H110.57 gkg', R BOCRE EHEEMRIK IO > 55 > 85 > 8k > 55 >80 >R >4 . FEEERIRE FIHEE, W
BLOEN. SRS EE TR, BEEENRE, BB SIS EASN, BARE R e 2R, #
FHar AR, WREAREEH, BRSO RIERE, T FoESEXREEK.
M RIS . B OER, (KRB, BRIVETSRE, TN . M. A THIRAREM . TET B,
2 RS | A BT T RIRHGESE Spinacia oleracea™, Hirp, 413 B 945 & BB ITIE 1.79 g-kes
EEXMEPIE 10.57 gkg', R 3 £5 . HARE WHESEN 10 ~ 20 52" HESEIER 27.1 mgkg', AFE
FEORMY 345, SRR 4 1575, BeERIE N 203 mgkg!, HTESER 10% . FIKE) 70%, 5)ME Artemisia
seleirgens. 1112} Dioscorea polystachya tHIT' 2 4 Fpgz 2 Fr b A E3(EM 0.013 g-kg', (UM SR
15%, WAL T H3€ Brassica pekinensis, #% b Daucus carota var. sativa 255 WLEisE®; SES82I9E K 0.59
gkg!, IETIEEE. 3%, Wisk Amaranthus retroflexus 258 WEiserh 0 & 822, . 8. BiE 8 5% WSS,
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