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ABSTRACT: Objective To systematically characterize the long-term evolutionary patterns of nutritional quality
and metabolic profiles in a single Oryza sativa L. cultivar. Methods Oryza sativa L. samples of the cultivar Ezhong
No.5, preserved by the Hubei Academy of Agricultural Sciences, encompassing 5 production years (2009 and
2019-2022), were analyzed. Under conditions of identical cultivar background, consistent cultivation management,
and traceable storage conditions, cooking quality, intrinsic viscosity and major nutritional components were
determined using conventional physicochemical methods, while comprehensive metabolic characterization was
conducted through untargeted metabolomics based on ultra performance liquid chromatography-tandem mass
spectrometry. Results A total of 273 metabolites were identified. According to the Classy Fire chemical
classification system, these metabolites could be divided into 9 superclasses, with lipids and lipid-like molecules
accounting for the largest proportion. Oryza sativa L. samples from different production years exhibited
stage-dependent variations in amylose, gel consistency, protein and amino acids. Principal component analysis
demonstrated a distinct year-dependent separation of metabolic profiles. Differential metabolites were primarily
enriched in fatty acyls, glycerophospholipids, flavonoids and organic acid derivatives, indicating that lipid metabolism
and secondary metabolic pathways contributed substantially to year-related metabolic variations. A gradient boosting
machine model established based on metabolomic profiles exhibited favorable discriminative performance, achieving an
accuracy of 93.33% in three-fold cross-validation, thereby demonstrating the presence of stable and distinguishable
metabolic signatures among Oryza sativa L. samples from different production years. Conclusion During long-term
storage and chronological progression, the quality traits and metabolic composition of the same Oryza sativa L. variety
exhibit stable and identifiable differences over time. This study, based on a scarce sample of the same variety spanning
more than ten years, reveals the chronological evolution of Oryza sativa L. quality and metabolic characteristics,
providing an important reference for Oryza sativa L. quality evaluation and storage management research.
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TFAIRERAERE R SREAE S ST EMAR, &
3R R GEI e FEOK S SR A B B e A, 45 G M (i
- HEE (Y (liquid chromatography-high-resolution mass
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H L R E R AR SR AR TR
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2 w]); SC-E KRS 5 43 I AL (BTN T3 -2 \l); C-600 %
KRG FUETHHA KETT #kaU24t); FIA Star5000 jiit i)
1. Kjeltec 8400 4= [ shil K A AL (FH# FOSS 24 H]);
RVA4500 YLk ZhEE MU (F L Perten 23 H); ME204E LK
SECKGBE 0.1 mg, %I METTLER TOLEDO /3 F)); CR21GII i
HA R OHL(H AR HITACHI A F]); BEH T3 A C g ittt
(2.1 mmx100 mm, 1.7 yum), ACQUITY UPLC BEH Amide /K
YER B EFE(2.1x100 mm, 1.7 pm)(3E [E Waters 23 7).
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Ao BARIRAE N BEPLEL 20 g s K40 T 20 A Al |,
SEA BT AR ARROK ] 2 T &, W R E R
HAREARK . R K T

PG NY/T 2639—2014 (FEK EHETERIIE 4306
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B E ), a4 A S L E RO E R A S, R
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TR, MA 1.5 mL 80% (V:V) H ELARIATIRR . 178
4°C T, M 30 min IWHERS 2 min, HLHEKE 61k, If
FrEnR i W5, LA 15000 r/min £ 4 °C ¥ E5.0> 5 min,
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BEH T3 X C g tAIEAE 5 26K E G5, 43 3I7EIE &+
i R R A

T3 BhEE S5 (IE B F/ 6 B FAH[)): BEH T3 Ui C o 2
FEM(2.1 mmx100 mm, 1.7 pm), JiEEE 0.40 mL/min, JE3IAH A
9 0.1%HERIKIET, W B N 0.1% PRI, BT
0~4.0 min, 3% B; 4.0~15.0 min, 3%—65% B; 15.0~27.0 min,
65%—97% B; 27.0~31.0 min, 97% B; 31.1 min }%% % 3% B
A F o PERER 2 il

% K AE A & & ¥ (hydrop interaction liquid
chromatography, HILIC)#f & % {4 (1E 8§ /11 8 F 4 5] ):
ACQUITY UPLC BEH Amide /K/EF fGi5%FE(2.1 mmx100 mm,
1.7 pm), ik 0.40 mL/min, shAH A HEK, RsAHB K
K. BEERF: 0~2.0 min, 100% B; 2.0~6.0 min,
100%—70% B; 6.0~10.0 min, 70%—45% B; 10.0~14.0 min,
45% B; 14.5 min $K % & 100% B H-F-4#7 % 17 min,

JERERESEANT : KAFA 35 psi, BT 1245
B4 45/50 psi [BEH T3 JeAH (2.1 mmx100 mm, 1.7 pum)]
i 50/50 psi [ACQUITY UPLC BEH Amide 3E/KfEFH @ik
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(2.1 mmx100 mm, 1.7 pm)], A 500 °C. IF & FHRABIS
FAE+5500 V, T8 FARIBESE FE R -4500 V. 23T A TH IR
FEGERE T3 IEET miz 50~1500, 7B+ mz 70~1250;
HILIC IE & F: m/z 50~1250, 1+ m'z 70~1250, SRARS
[ 0.15 s. RILAF B AR £ 45 1 (information-dependent
analysis, IDA)fili /& MS/MS, Flffi g 1F & FA(30£15) eV
(T3). (35+15) eV (HILIC); 5 T (-35+15) eV,
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LC-HRMS 5t 4 540 7 2 3 o A 4 i £ #1074 (SCIEX
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RG34 5 53 RGO, Jr 2243 B 1 T i a2 22 S AR,
B E 15 & B & Bl 2K (false discovery rate, FDR)<0.05, 25
£ P i T B i R T N 2 AR 2 204 P2 (Human
Metabolome Database, HMDB) . Jig 51X £ 41 % (LIPID
Metabolites and Pathways Strategy, LIPID MAPS) } 5t #3
53 H 4 HFL 245 (Kyoto Encyclopedia of Genes and
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SR R IR R T 225301 2 Tukey HSD )5 K16 5¢
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AFEEG R 5 SRR T 55N B L% 1. H
BRI ACRAE 5 A R B 135 25 7 (P<0.05), {H
ARSI BN, I TR B RS . R R B
XTI S, 2020 45 . 2021 ik, (HIFREHY

fift EAF BRAH DG I R, 6 HERR A 25 1 25 S i 22 ), X
T8z st B AT BB YR TN R A 003 R R FETE SR 285 S I S A 38
WRES, MEAEERERA L,

SN BT TH, AN RAE A DR (6.73~7.24 mm)BFF

FRRCORLRHIE, AR B E , 2009 45 2022 AEFK
K58 L BA W 3E 22 R(P<0.05) . ML Z R, S Pk 5 I
R ARy 22 S B B 2019 4E 32 B ARk . AL i3
HH; 2021 4Fd5 0 . MRS, A AL I 22 5 1 £ Bk
. BACRE, St 5 SRS E MR AR LB, T
PR K AR B 2R, MR R2
THT AT LA 5 70 S 2 St T OCHER L B
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ARGy it A 28 38, B 5 B B 43T (rapid. visco
analyser, RVAYWIfLAAME L2 2, EASTEN JT 1, 2009 FEAE M
5 FHABAFE Gy i TR] 34 22 7 1 25 (P<0.05) - 2009 4FHE i ELEEUE
B Ot A5 5 (16.87%), X1 R i #ie f1.(59.67 mm), 7% 2
G B 2019 4E 5 2020 4EFE 5 EBE BE RS R
(15.60%~15.83%), KA 8275 (=74 mm, P<0.05), 3%
IR AR G 0 O B o T (R A A 7 T 4 R AR R N
(6.20~6.50), i BHMIf0 IR B X [ B A AR E -

RVA Fth SR A R AR R 5 9 SE MBI AT o f A2
WES, LHLREIFHES W, S MERHHE B EER
(P<0.05), 2009 411 2020 4FFF i AT 38 m (R AR |
SRR THE, WIARZSHIAHXT R T 2021 AFRE S IE(E ZE
JE B (3259.67 cp), H.5 2022 I H BAR A A
B A ] THE (HL R 2021 4E [ FHERAR, 4 924.33 cp), %
HHE R e Inpad AR ih S R e g 22, B G TR Rt
R . BARE, B 5 SRRMZEZ S ML
AR AR (] S B — g e 2y, b 2021 AFFE A E 2 50
RVA 545 0w 25 B0 5, e AR 22 S 8 AR
2.1.3 FihmM

ANTRVAEARRE S K 43 AR 0T & b &l 1A PR . 2R
B & 7 2009-2021 4FE [ AL /N(7.14%~7.41%), 2022
AR E TR 8.22% (P<0.05), 4 5 MMEGH iR R {E . K
APIERE R R, 2009 4EH R (13.07%), 2021 4FHAR
(11.47%), 2022 4EREA I, 16 FPEIERR & = A A1k
WE 1B in. ZEEILRAE 2020 FiRF ALK, &

AN
=
L

F1 TEEHTH 5 STEAKHMISMREBR(N=3)

Table 1 Processing and appearance quality of Ezhong No.5 Oryza sativa L. from different years (n=3)

i T A ‘ LIS VR

AR/ % A% HREA A% K/ mm KFE B PRI % L%
2009 78.33£0.09° 69.23+0.11° 56.84+0.28° 7.19+0.03% 3.33+0.02° 24.67+2.87% 3.37+0.12°
2019 79.09+0.05" 69.53+0.05" 58.98+0.16" 7.11£0.01% 3.43£0.01% 17.67+1.70¢ 2.53+0.09°
2020 76.83+0.41° 66.88+0.27° 64.70+0.68" 7.24+0.01° 3.33+0.00° 27.00£1.63" 3.73+0.41°
2021 78.2240.02° 67.28+0.11% 46.13+0.90¢ 6.73+0.02¢ 3.35+0.01% 30.33+1.25° 5.47+0.09*
2022 77.42+0.08° 67.46+0.09° 57.81+0.35% 6.99+0.01° 3.46+0.02° 20.33+2.05% 3.4340.17°

T BHEVEET Tukey’s ZEAYE, IR F/NE 5038 22 57 1.3 (P<0.05). T,
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Table 2 Cooking quality and RVA pasting properties of Ezhong No.5 Oryza sativa L. samples from different years
AEAy 2009 2019 2020 2021 2022
EHETER/% 16.87+0.33" 15.60+0.00" 15.83£0.05° 15.03+0.24° 15.70+0.08°
ZEEAK — - - -
Ty JE B B fmm 59.67+2.05 74.3342.05° 78.67+0.94° 62.33+4.19 65.33+2.36
[=]=piras
L EMIEEES 6.50+0.00° 6.20+0.00 6.50£0.00° 6.20+0.00 6.50+0.00°
VEAEZEBE /cp 2377.67+15.97°  3110.00£57.28°  2624.67+29.17%  3259.67+12.50"  2960.33+29.01°
FAREE S /op 1603.33+6.24°  1613.67£52.10°  1635.67+12.76" 1345.67+8.50° 1322.33+21.31°
RVA HIE T E/cp 774.3349.74° 1496.33£42.91°  989.00+40.32° 1914.00£19.51°  1638.00+9.90°
HpE AR cp 2911.33£7.13"  2777.33£51.77°  2977.3346.24" 2270.00£2.83°  2284.00+17.80°
Tj‘
5l & /cp 1308.00£12.73°  1163.67+5.25° 1341.67+6.55 924.33+11.26° 961.67+4.19°
% 21| WA 26 B 5] 7] /min 5.55+0.03" 5.58+0.07" 5.60+0.00° 5.45+0.03¢ 5.55+0.03"
WIALRLEE /°C 88.83+0.38" 85.87+0.63° 88.05+0.32° 81.35+0.35° 85.58+0.38"
A10 AE[T I8 Big
9 *71@7; b7 14 . ET120094F EE20194F E20204FE C120214F B 20224
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Py . . . . g A %‘*
2009 2019 2020 2021 2022 NS @“ @* @“ $> @* %x%“ @»
Xd‘%@ A dy %\ L '%’ .@;( @’
NI /4 GBI
T WEWEET Tukey's ZEGL, EIHARR/ING FEERR AN 22 57 82 (P<0.05). NI,
Bl 1 AEAEGRTT 5 SFRE TR (A)FIZ IR 4 (B)
Fig.l Nutrient contents (A) and amino acid composition (B) of Ezhong No.5 Oryza sativa L. from different years
2022 IR, BSEREETFWBES R AR S BY(5.88%) . KEAGY (4.41%) . BATIR M LKLY
i, BARBAL, SROCMAIGILRA L —3, ik (2.94%) . AILAALE P 221%) . LW & HAT AW

KF, ANFRAEGSRR 5 SROKIYE IR b B AE—E 22 5%,
IKGPAE 2021 SRR PRI .35 T FE(P<0.05), BT
GBI W Be ke ly, O Jm SRR B R AR A ) A
At T B S
22 RFFAFBRERREENFHERTHE
221 H¥ERE LKA AR

S 8 DR RO €038 - DU AR AR BB AT I 1) J5 335 72 (liquid
chromatography-quadrupole time-of-flight mass
spectrometry, LC-QTOF-MS)%{#i K4 a9 nl FE Pk, A5
K H BB (35 K (total ion chromatogram, TIC)/E Ky i it
PEAG TR IR P RIUR R BTSSR TIC X33
HHARE 9 D B I ) 18 1R — B AR B AR SR, A B
BE SRR AT (K 2), XUegE R AR
RO IETERERRE HAT A, 5 SeA U 4 2 B o0
BEIE T RS LA

Aoy IS g H 273 AR 3), #340 Classy Fire
MfbA 28k, XS T 9 N IRETRIZE
BT 1 (48.88%) . AR HIERMIZE(15.81%) . A LA
K HAGTAY(11.76%) . A HLAFLEYI(8.09%) . AL

(0.02%) Hrp bl R B AZENg o+, MW 4isrh
HmBENE . feWimtE . Himig . SAURmEIE R . SEmAE .
25 I EEATT AR WA 6 R
222 RMEEARE MOS0 A A

Ry FCASEAS [) 2 7 A A R KR it 7 A 4 )22 T ) 4 44
25, A5IEET BEH T3 UM Cig (AREHE(2.1 mmx100 mm,
1.7 pm)#EF ACQUITY UPLC BEH Amide S/KAETI Ak
(2.1 mmx100 mm, 1.7 pm)#EXAIE | U FEIEHTT T
PCA W ([ 4). 255 EIR, 4 FBU T &0 FE L 4 23
—ERENRES Y, X T3 EEFHEAT
PC1+PC2 Iy SR TTHR H I = 8 5] 50.6%. 2009 4FAESA7E F
RS2SR A A AR S R, T 2019 48 K 2 S5 A0 B RE ff
FE A AR ZS (8] rp B — AR R RS, SR AR TR AR P 2
M 7EA QTG S AR S F AT 22 5

R FE BRI E (B 5)RT LA WA O] (AR 25 5
1 4 FET, RSB R ARG A A A5 TR —4F
B RE SR A b A B — B, AR FE AL 2
) A7AE T LB A €0, 25 55, T3 FEIE 1088 TG I T 9 X 43
S5 5RL HILIC BB . RS ] LI B R (R A= 7445
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223 £ AR 6 0F i R K T A
(DA TRIAE A5y 22 S A 400 1) 7 3 245 SR AL 250
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ABFFELL 2009 AFFE RN FHIEAE, XY 2019 4EA
2022 4EREM AT M . L 2019 4EFN 2022 4EAE A L
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B, BT E: (OXHAER S 5ERTIE 10
AR REK A B AR R B R K S BOnIR A, A sk
FESAEAN ] & B B i A 2 L (2) 2009—2019 5 2009—
2022 Z[A]EA LR R, RERHIIERI R R
TE R AR A AR 5, DT B 385 b b R AE K IR T 5
ShTEAR BT, FIL, 7E 4 Fh k-l T LR A
LR T 25 Sk, IR 6).
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1.5¢7
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1 1e7
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