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Abstract: Objective: The element content and physical and chem-
ical quality were analyzed from the nutritional quality of Selenium
(Se)-enriched rice in Ningxia. Methods: 25 rice samples from dif-
ferent brands in Ningxia were selected as the research object, and
26 mineral elements in which were determined by inductively cou-
pled plasma mass spectrometry (ICP-MS), and multivariate sta-
tistical analysis of these elements was conducted. Results:
Through the analysis of the difference of element content between
Se-enriched rice and ordinary rice, the quality of Se-enriched rice
was distinguished. Moreover, it was found that Se-enriched rice
was rich in four kinds of elements such as Ca, Sn, K and Mg.
Other quality indexes of Se-enriched rice were analyzed. It was
found that Se-enriched rice was imperfect, with low grain, low

yellow grain, low chalkiness, high head rice rate, high amylose,

EL2WB:THE MK AR EAT LT E (% 5.
2020ZDYF0884)

TR T A AL (1990 o 2r 5 B ™= i JR A oo T
i, A+ . E-mail:250456912@ qq.com

W5 B #9:2021-09-03

high taste value. high freshness score, suitable hardness. elastic-
ity and adhesion, good palatability, and high appearance quality
and edible quality. Conclusion: Se-enriched rice can be distin-
guished by the difference of element content, and the Se-enriched
rice in Ningxia has high nutritional value and eating quality.
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Table 2 Microwave digestion instrument

heating program

Table 1 Detail of rice samples

s b 7 3 s s Aol 7

1 Fkfb 885 4RI 14 DIo FFE

2 TR BRIl 15 WH3E FFHR

3 THE43 BRIl 16 PHA 175 9l

4 TR A4S R 17 Hi#} 804 9l

5 THAT AR 18 @ 777 AR

6 THEMR4S AR 19 KRk R

7 KRR BN 20 RBEME 619 R

8  HEEEF 2 RN 21 A3 S RAW

9 REE61Y RN 22 pHES2ZE F
10 HER6%S5  FHiEbk) 23 HE65  HELT
11 Rk 804 FHBe| 24 THSSS PP E
12 M1 FHwkdl| 25 TH 28 PP
13 ®4s5 FPE

T WATKOK 1~15 5 il Rk 16~25 5,

P )R/ W B} [B] / min g/ C J%71/MPa
1 1 200 5 130 13
2 1 200 5 130 13
3 1 200 8 185 13
4 1 200 5 185 13
5 1 200 10 220 13
6 1 200 15 220 13
3.2 JER MM ABIORH B 250 pl 100 pg/mL

26 Al g BRI A PRI 25 mL AR H 2%
TEPRIAWE 25 - 138 1 pg/ mL bR HERR A
1.3.3 ArdEHZECH] B0 125,250,375,500 L
it #5THT 25 mL 25 P, R T 226 Bl BR VS B8 75 19 81
5,10,15,20 ng/mL ) TAEW B FF A 20 ng/mL w143 5]
FRIR 625,1 250,2 500 pL F 25 mL 3B Z 4 b 645 h &
.13 0.5,1.0,2.0 ng/mL # TAEW W . £ IL4350.5,
1.0,2.0,5.0,10.0,15.0,20.0 ng/mL 7 4~4% #E T4 % W »
2 il bR A 2R
1.3.4 ICP-MS #ill  FFHLHET 1 d 3174 4 B il B
2. B2 RAEKIE A 1 ng/mL P RGIEATACES ]I R
PR PR T (R R B R ERERS, &
B 3 AN A% PR R Il i, R 20 3 5 AR AR R R R
it 75 mL/min KR FE 3 ) ICP-MS {2 £ 4 2k I 22 4 v
Hh 26 AN RE T R RO I S BT R S h.

ICP-MS I 2 & A KOR A i 5 38 JOR AR i F1 K bR
Y Aok o v SRR R E 3 KL BT LiSe TiL Y,
In.Bi 6 T REIENAR TR M HANS R 2 . I



&M | Vol.38, No.4

Ag.Al, As,Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn,
Mo,Na,Ni,Pb,Sb,Se.Sn,Sr, Ti,Tl,V.Zn 26 F 4 J& JC
5 0 A AR P [ R T 8800 L AR M R 45 SR 1
TEARHHE BEIE N . ZFocR B R AE R ILEE 4,
1.4 HiEshE

R Simsca-P 11.5 B4 X 048 5 17 de /D> — T ik 1)
43 A (PLS-DA) . #| F§ Multiple Experiment Viewer 4k
PEHEAT AR 234

F 3 ICP-MS U &H
Table 3 Icp-ms instrument conditions

AR5 HH &R 254 Bl
TE3 JE A [ Fr HH
i B v FEFAESRWE 9.00 L/min
%1 FARUE B —48 il ik L B 1.5 L/min
5 2 FARIUE B —154 F A S 1.01 L/min
53 PRI B —237 PRGNS 6.00 mm

F4 ICP-MSNESMITERNKHRINEZR
Table 4 Limits of detection and quantification of various
elements determined by ICP-MS mg/kg
JLR KR EER| TR KR EER
B 0.1 0.3 Cu 0.05 0.2
Na 1 3 Zn 0.5 2
Mg 1 3 As 0.002 0.005
Al 0.5 2 Se 0.01 0.03
K 1 3 Sr 0.2 0.5
Ca 1 3 Mo 0.01 0.03
Ti 0.02 0.05 Cd 0.002 0.005
\ 0.002 0.005| Sn 0.01 0.03
Cr 0.05 0.2 Sb 0.01 0.03
Mn 0.1 0.3 Ba 0.02 0.5
Fe 1 3 Hg 0.001 0.003
Co 0.001 0.003] TI 0.000 1 0.000 3
Ni 0.2 0.5 Pb 0.02 0.05
[ [ ]
gl . :

EMS2
Principle component 2
=)

4 3 2

ESL vl
Principle component 1

(a) 1550/
Bl fmgd=

Partial least squares discriminant analysis (PLS-DA)

Figure 1
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Rice samples
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4501
= 360l m EAAOK
50T m ok
w 270
1
I <
4 ;5180*
£ 9ol
&
()J_\ | | e | |
Mg Se K Ca Sn

T
Mineral element
B3 gk kFfeEi@ Kk Ca.Sn.Se K. Mg
BB R ESN
Figure 3  Significant analysis of Ca, Sn. Se, K and Mg

contents in Selenium-rich rice and common rice
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Distribution patterns of the metallic element among different rice
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Table 5 Appearance quality of Selenium-rich

rice in Ningxia

B TR E WA KET W R A R &R
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Table 6 Physicochemical indexes of Selenium-rich rice

in Ningxia

B RTEHHL/ Vo FORIK/ 0 ERA/ V6 T/ U BERPRER/ 0

1 0.1 0.0 2.5 0.5 70.8
2 0.3 0.0 10.4 3.6 65.3
3 0.4 0.0 5.5 1.5 63.6
4 0.1 0.0 4.9 1.2 69.6
5 0.5 0.0 7.4 2.1 71.9
6 0.8 0.0 9.6 3.6 63.2
7 0.9 0.0 4.2 1.2 64.0
8 0.3 0.0 6.7 2.4 66.4
9 0.4 0.0 4.4 1.4 72.2
10 1.1 0.0 8.3 2.4 65.2
11 1.6 0.0 3.4 1.1 65.6
12 0.5 0.0 3.8 0.8 61.0
13 0.5 0.0 6.1 1.6 70.4
14 0.9 0.0 4.1 1.1 71.4
15 0.1 0.0 10.7 2.4 65.5

FIZE R R AR . KOR PR R R 5 & 0 &2 IE
W R R A A I TR AT . OROR R L OK B
A SO B R A ol AR T R R OK R 5E
BLAR BB AR L IR R R R R T R AT
K B A0V T3 BT 5 B ARAR
2.6 TEHEWMXKEBLEREN

W 6 FT7R .15 43 i Y B BE JE A 5 B AR 2> B
ARAF 3 [ b e b O FORE K ELBE BB £E 13,096 ~20.004
KA <155 0 R SRR (9 L2 . 15 Iy RE Al I B
JRF A AE2.200~3.9 00, AR B op L IR AR 1 B
TRK 7 [A) 45 ¥4 476 SE B RE L R e R ik K 4 IR — 2B
FEoT AL S DT 8 DK 5 14 2 b 3 38 A 1 8l 0 O, AT
RO A DU A R S B Y B VE R R

B o AFOR R B R JBE 80 B €0 008 R I P R A 2, Y TR
i B P a0 L U R 5 2 U0 BRE A I PR E 8 AR
15 17 B A K OR B R B HE JE R A = N B AR 176 ~
18% . B WR VP A (EAE 90 43 A2 A7 I L BT I A5 37 ff 3 °F- 34
fHALTE 90 437645 (G AT DL 77 B8 Al ROK 7 28 B OK IR
AF 3 PR R B R R
2.7 TEEWRKREFEIEN

& 7 AL 15 6y T E S WK OKRE S g B AR
0.57~0.65 N/s, g3 o, il B #F 14.60~19.58 N, il
TR VR A 5 S BEAE 451.21~789.28 s, HRK LI
BOAE T 5 45 B it 1 ol 52 2 AR /S W] DL AS [R] it L K
KB BN AR AR 35 22 S kL SR R MR AT

A2 Koy EEEEER .
i RWRME/ S SlY ARY S BB/ o)
1 90 3.1 14.1 17.75 90
2 87 2.5 14.1 17.80 86
3 86 2.6 14.5 17.81 88
4 86 2.9 14.5 17.83 89
5 89 3.0 13.3 18.16 88
6 92 2.9 14.4 19.48 90
7 87 3.9 13.1 17.88 91
8 88 24 14.4 18.17 89
9 86 3.2 12.8 18.14 94
10 85 2.7 13.5 18.20 96
11 89 2.8 14.1 18.27 88
12 88 2.2 14.6 17.68 92
13 88 3.4 14.7 18.07 92
14 89 3.5 14.4 18.34 93
15 89 3.0 13.6 18.91 85

®7T TEEMRKNRGESE
Table 7 Texture characteristics of Selenium-rich

rice in Ningxia

%5 MERE/N B/ (N - s) JREE /s Iu] &2 A
1 15.22 0.61 468.44 0.13
2 14.60 0.59 465.33 0.10
3 16.37 0.65 679.53 0.12
4 16.80 0.57 673.55 0.12
5 19.58 0.57 539.41 0.12
6 15.19 0.61 528.21 0.12
7 18.30 0.61 705.88 0.12
8 19.50 0.63 789.28 0.13
9 18.60 0.59 711.22 0.11

10 15.56 0.59 498.89 0.13

11 16.45 0.62 482.46 0.13

12 15.61 0.65 451.21 0.13

13 19.29 0.62 663.05 0.12

14 16.69 0.58 679.64 0.13

15 18.96 0.65 723.44 0.12

3 i

FiI I ICP-MS Xif & Al K oK 3% 58 KK i 5 4 oo &R
AT T 0, RIUE K OKBR T Se & B 4h. Ca.Sn K,
Mg 4 F o6 &K 76 & WKk o & B 550, 9 H ol LA )
J90) 8 R R R 3 S8 K K K i I ] v AL A — 2B
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