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Discrimination Analysis of Production Year of Rice and Brown Rice based on

Phospholipids

Jee-Hwa Hong"', Jongsung Ahn', Yong-Kyoung Kim', Kyung—-Hu Choi', Min—Hui Lee', Young-Jun Park', Hyun-Tae Kim',

and Jae-Hwon Lee'

ABSTRACT The mixing of rice and brown rice produced in different years is banned in Korea by the grain management act.
However, there has been no reported method for discriminating the production year of rice. The objective of this study was to
develop a method for discriminating the production year of rice and brown rice based on their phospholipids content. One hundred
rice samples and 130 brown rice samples produced between 2012 and 2015 were collected. Twelve phosphatidylcholine
components were analyzed by liquid chromatography-tandem mass spectrometry. Phosphatidylcholine was used as an internal
standard to calculate the peak intensity of the samples. A statistical analysis of the results showed that the centroid distance
between the stale and new rice was 4.16 and the classification ratio was 97%. To verify the calculated discriminant, 61 and 40 rice
samples were collected. The accuracy of discrimination was 82% by primary verification and 80% by secondary verification. The
statistical analysis of brown rice showed that the centroid distance between the stale and new brown rice was 3.14 and the
classification ratio was 96%. To verify the calculated discriminant, 10 samples of new rice and 30 samples of stale rice were
collected and the accuracy of discrimination was 93%. The accuracy of discrimination for rice stored at room temperature was 57.9
—-92.1% and that for rice stored at a low temperature was 86.8-94.7%, depending on the storage period. For brown rice, the
detection accuracy was 94.7-100% at room temperature and 92.1-100% at a low temperature, depending on the storage period.
The accuracy of discrimination for rice was affected by the storage temperature and time, while that for brown rice was more than
92% regardless of the storage conditions. These results suggest that the developed discriminant analysis method could be utilized

to determine the production year of rice and brown rice.
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Table 1. Analytical conditions of LC-MS/MS.
Parameter Conditions
Time (min) Flow rate (mL) A (%) B (%)
0.00 0.9 5.0 95.0
1.00 0.9 5.0 95.0
Mobile phase 3.00 0.9 40.0 60.0
7.00 0.9 40.0 60.0
7.01 0.9 5.0 95.0
13.00 0.9 5.0 95.0
Column temp. (C) 20
Run time (min) 13
Injection vol. (ul) 5
Ion source ESI (Electro spray ionization)
Polarity Positive
Detector Gas N
Ion spray voltage 4500 V
Source temp. 550C
Resolution Q1 (unit) Q3 (unit)

Table 2. Multiple reaction monitoring conditions for phosphatidylcholine using LC-MS/MS.

Compound name QI Mass (Da) Q3 Mass (Da)  DP" (Volts) EP? (Volts) CE® (Volts)  CXPY (Volts)

PC_IS 718.1 184.0 86 5 39 6
PC_IS 718.1 125.2 86 5 103 4
PC16:0/18:2 758.7 184.0 86 5 39 6
PC16:0/18:2 758.7 125.2 86 5 103 4
PC18:2/18:2 782.7 184.0 86 5 39 6
PC18:2/18:2 782.7 125.2 86 5 103 4
PC18:1/18:2 784.6 184.0 86 5 39 6
PC18:1/18:2 784.6 125.2 86 5 103 4
PC16:0/18:2-OH 774.7 184.0 86 5 39 6
PC16:0/18:2-OH 774.7 125.2 86 5 103 4
PC18:2/18:2-OH 798.7 184.0 86 5 39 6
PC18:2/18:2-OH 798.7 125.2 86 5 103 4
PC18:1/18:2-OH 800.6 184.0 86 5 39 6
PC18:1/18:2-OH 800.6 125.2 86 5 103 4

YDP: declustering potential

YEP: entrance potential

ICE: collision energy

YCXP: collision cell exit potential

BA5E 0123 dHeK(peak intensity, cps)S WHEFZEARE SAR Sgt ghaa] xf =
UHE T 127) A skl oie 84 3k B4 4 249 A7je] £A8HE UNISTAT (Ver. 6.5, England)
2 93t A2z 83T 223 T HEA multiple discriminant analysis %
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Fig. 1. Chromatograms of phosphatidylcholine compounds in rice grains. The blue peaks represent Q1 mass and the red peaks

represent Q3 mass.



ik 19
Uelgar 2013
et o 201493 201584 SAA A= 4212

Ukt Al e 2R 1ol
2 Advt 7 vekdAw edE T
 ERECEE R ECEE
e Bz way
Z 844 201214t 2
Z 740 2013402 B

(Fig. 2). &
ik 108 5
40 1074

EERS

:

1

= Xﬂ“é?'& 23} 2012
FEQLAL, 201313 9]
zE9lon, 20144

P te] EAA Ael(centroid)= 7.330F
Abak 2015E4E] SAIA A= 6112

At 7R §AHO

%‘ﬂ ZEIRESS

&t 407 = 3570] 2014WALO 2 B E QT 2015Lw
403 W 20159402 HiEo] AH EREE

°f 75

2 1o

ZE2 90%2 YEFITHTable 3). 3} 5k AR Ae)s
HIEL H]8o] 90%E 10%= JestA 2771 =4

7] wjRof QA A Fo dAA FHAL YeHElr|= o

o
oz
r>
K3
H‘|
rg
g
ML
1=
>
[{e)

.
rlo
[\)
~
3
B
b2
ol [
09\.'4 —Ll
> |o P
U
4%
ll
K s
flo
o )
10
oL E
-
fru flo
E
L o
- 5
X

8|
flo

o
I~
)
1 o0

o
=
0%

o)

A 4>(correlation coefficient) 4k
T 571 YebiL - 2152) 4
centroid ZJo] 2 o]ArQl AL mHo] o]
Y 250} 22 522 e gickFig 2).
Bz An3 73 pEAs 44T 25
L= 97%= UEh XF A o= gest
A TH(Table 3). 7HEE Al - F13F T o] ZgHE L 60
4 %372 ABor BREgLd ok £UH AR50
Hat A 5ol vl vhekstr] wizoll 27 W] wE A
g AR

o L i

o0
QS -
O

i
N

o
o

1;%«
o
U o

[‘l[‘

S0

}

= ko HU

%)
-“9‘ o ol

fEL e i X orjo T o o
e g 2 N
(AL

i ofe

o[

= — b | [ =]
#5ick whebdl 201294k 201344E 20144 THE A A AT 73 gAY A8 e APeAS Bt
Aol BAglo] TRoR AFAAAT AH 12 2he] S SlaA AaS HBA a G nlx Y RS &
gl WA TS BA AT AF WARL g Asle] A WAL fstel W HBEE By
A B
8.0000 8.0000
o o
é 5.0000 1 § 6.0000 =
40000 ><>< ,\XX XX % ¥ 40000 f—QTMQ—”
5 e R TR Y = > * ¢
2 20000 I X% ez R e2012 £ 20000 W%
E  ward ®2013 E & ’m 'S r + New rice
S 00000 g — 4 7 - E— 5 0.0000 ' " T 1 .
7 AN L Ak 20, | B 5 2014 3 [ ] o . B Staled rice
O 20000 —AS AMAE Ay B A o~ ons O g - B %‘L
3 4.0000 # J§ -
2 - - s g ‘= -4.0000
o v 4 o]
S -6.0000 & -6.0000
167} (U
-8.0000

Fig. 2.

-8.0000

Comparison of discriminant function data for rice grains based on their phospholipids content. A: Production years for

rice (2012, 2013, 2014, and 2015). B: New and stale rice.

Table 3. Development of discrimination analysis for new and stale rice using phosphatidylcholine components.

Classification Number of Year of production Classification rate
samples 2012 2013 2014 2015
2012 10 8 (80.0%) 2 (20.0%) 0 (0.0%) 0 (0.0%)
2013 10 2 (20.0%) 7 (70.0%) 1 (10.0%) 0 (0.0%) 0%
2014 40 0 (0.0%) 2 (5.0%) 35 (87.5%) 3 (7.5%)
2015 40 0 (0.0%) 0 (0.0%) 0 (0.0%) 40 (100.0%)
Classification Number of New and stale rice Classification rate
samples 2012, 2013, 2014 2015
2012, 2013, 2014 60 57 (95.0%) 3 (5.0%) 97%
2015 40 0 (0.0%) 40 (100%)
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Table 4. Validation of the discrimination between new and stale rice using discrimination analysis of phosphatidylcholine.

1st validation

New and stale rice

Classification rate

Classification Number of samples 2012, 2013, 2014 2015
2012, 2013, 2014 40 29 (72.5%) 11 (27.5%) "y
2015 21 0 (0.0%) 21 (100.0%) ’

2nd validation

New and stale rice

Classification rate

Classification Number of samples 2012, 2013, 2014 2015
2012, 2013, 2014 30 22 (73.3%) 8 (26.7%) 80%
2015 10 0 (0.0%) 10 (100.0%) ’

Table 5. Validation of new and stale brown rice using discrimination analysis of phosphatidylcholine.

Validation New and stale brown rice ) )
- - Classification rate
Classification Number of samples 2012, 2013, 2014 2015
2012, 2013, 2014 30 28 (93.3%) 2 (6.7%) 039
2015 10 1 (10.0%) 9 (90.0%) ’
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