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953 1000

germination days in the range of 814~1 000 cm™

Avsso /Av o LEBEBT R KRB BN RN, REEAR S £
A OR S =l i i N R W 1 e o L AR R ST =
BB A & B BN T . R BRI 5 20 A X
W & B[] B 38 T R AE AR b s Avisr /AL o B Ay s /AL os I G
AL B A 22 R 50 1 TR 90 o 2 B 25 O R X B R
[F] Fy 388 o i 2 A= AR Ak
2.2 BRI FHTHEBXIIINIESHF

B3 R [A) i & KA K ARG R T 7€ 814~1 000 cm ™' i
[N Y A LD A, oA shig s A W3R 1. W& 0~38
d KRR F ZHEAH R LTS GRS LB 3 (a—e) 1Y BT A 38 X e 1y
RIESE LW # & 10 d MK ARG A LB 3 (D 7E (840, 908
em DAL IE L, HARIEXIERIE; Bk 12 d ik
7L 3(2) J7E (843, 908 cm™ ') Ab YA ik i, HAS
XN IE; 8Kk 14 d WK AR F LB 3(h)]7E (834, 884
em” ) FI(834, 908 em™ ') Ab A W N i, H AR g SN
E. WE 3Ca—h) & W F W, B FP 7 i & B IR) Y 58 i, 883
em™ ' T R G R IR S S . 834 em ™! A Bk
SHOEE S SRT 9808 . 950 em AL A BhIETERT K 6 d JE IR,
BT BT 974 em ™' By [{ B0, 450 E R, fE 814~1 000
em ™S N R R BA & K BOK RS Rl 7 0 4k A S 20 A0 i A
BB — 8 AR AL . BE T & BRI B3N . BRR A iy
L7 875 em AR K T 974 em [t T, T AE 901, 875
834 em ' ZE A A Bl ISR BRI B R A B AL, sk
b 7T BE 5 F 76 A 1k R OB R B LA Ok

1000 1000

953
907

860

814
814 860 907 953 1000 814 860 907
© (d)

953 1000

1000 g 1000

907 907
860 4 860
814 N 814 IS
814 860 907 953 1000 814 860 907 953 1000

(€3] (h)

1

(a): 0d; (b):2d; (0):4d; (D:6d; (e): 8d; (D: 10d; (g): 12d; (h): 14 d

B4 AN TR i R RECH K R FbF7E 1 028~1 340 em !
V0B P B AR G LTS GG L A g sl W3k 2. N 4
A BTE B SN A LR E3E L, FERR 6 d T,
R @ SRR E 1229 em U EWIAS S 1 067 em ™!, HER

BE R A TERN TR 6~14 d Hh, fRIR B SN RAS,
R kA=A Al . B & BT A 3 0, 1 118 em ' 55 A i
SREEGIE BRGNS, B R, SR BN, 7E 1 028~1 340
em™ S Bl N K [ B & R BOK RS RN T /9 4R SE 40 0ok



IR AF . FTIR Juilf 45 & i 2 4004 B 52 0 KK R 1

1835

1028 1106 1184 1262 1340 1028 1106 1184

(2) (b)

1262 1340

1028 N

1028 1106 1184 1262 1340 1028 1106 1184 1262 1340
© ®
4

1028 1106 1184 1262 1340 1028 1106 1184 1262 1340
(© (d)
1340 1340
1262 1262
1184 1184
1106 1106
1028 b L 1028
1028 1106 1184 1262 1340 1028 1106 1184 1262 1340
(2) ()

TEBEEREKFEHFE 1 028~1 340 cm™ 'SEE M B ZHME R LI E

(a): 0ds (b):2d; (0):4d; (D:6d; (e): 8d; (D: 10d; (g): 12d; (h): 14 d

Fig. 4 Two-dimensional correlation infrared spectra of rice seeds on

different germination days in the range of 1 028 ~1 340 cm™
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Fig. S1 Curve fitting maps of infrared spectra of rice seeds on different germination days in the range of 1 200 ~950 cm™
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Fig. S2  Curve fitting maps of infrared spectra of rice seeds on different germination days in the range of 1 800~1 600 cm™
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Study of Germinated Rice Seeds by FTIR Spectroscopy Combined With
Curve Fitting

LI Shu-jie' , LIU Jie', DENG Zi-ang', OU Quan-hong', SHI You-ming®, LIU Gang'"
1. School of Physics and Electronic Information, Yunnan Normal University, Kunming 650500, China

2. School of Physics and Electronic Engineering, Qujing Normal University, Qujing 655011, China

Abstract Seed germination is one of the main components of the seed life course. Agricultural production needs to understand
the physiological and biochemical changes in seed germination and accurately determine the vigor of seeds. Therefore, it is of
great significance to study seed germination. In order to explore the mobilization of storage materials during seed germination,
Fourier transforms infrared spectroscopy (FTIR) combined with curve fitting was used to study rice seeds with different
germination days. The rice seeds with different germination times were studied by original infrared spectra, second derivative
spectra, two-dimensional correlation infrared spectra and curve fitting. The results showed that the original infrared spectra were
overall similar. The spectra reflected that the main storage substances of rice seeds were starch, protein and fat. The absorption
peak intensity ratios of A 450 /A1 o019 s Al a0 /Avores Ar1s7/Al 0y and Aj 157 /A 051 decreased with germination time. The results of
two-dimensional correlation infrared spectroscopy in the range of 814~1 000 and 1 028~1 340 cm ™' showed that the number of
auto-peaks, and the position and intensity of the strongest auto-peaks changed with the increase of seed germination time,
indicating that carbohydrate and protein changed during seed germination. The second derivative spectra showed seven peaks in
the range of 1 200~950 cm™'. The 988 cm ' peaks shifted to the higher wavenumber with the increase in germination time,
while the peaks at 1 053 and 1 158 em ™! were shifted to a lower wavenumber, which indicated that the structure and content of

polysaccharides in rice seeds changed during germination. Nine peaks appeared in the range of 1 700~1 600 cm ', among which

the peaks at 1 641 and 1 692 cm™ ! moved to lower wavenumber with the increase in germination time, indicating that the protein

', only two peaks at

structure and content of rice seeds may have changed during germination. In the range of 1 800~1 700 cm™
1712 and 1 744 ecm '. There are observed in the second derivative spectra, which 1 744 cm ' is caused by the C=0
stretching vibration of the lipid substance. In order to further explore the specific changes of storage substances during the

' of original

germination of rice seeds, curve fitting analysis was carried out in the regions of 1 200~950 and 1 800~1 600 cm™
infrared spectra based on the location and number of sub-peaks determined by the second derivative spectra. The curve fitting
results showed that with the increase of germination time, the relative polysaccharide and protein content showed a downward
trend, while the relative content of fat first decreased and then increased. The results show that FTIR combined with curve

fitting can be an effective method for seed germination study.

Keywords Rice seed; Germination; Fourier transform infrared spectroscopy; Two-dimensional infrared correlation

spectroscopy; Curve fitting
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