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Abstract: Changes in water distribution and water states in Flos lonicerae during infrared drying were assessed at three different

flowering stages (three green period, large white period, and golden flowering period). The three F. lonicerae samples were subjected to
far-infrared radiation at 45 ‘C, and low field-nuclear magnetic resonance (LF-NMR) spectroscopy was employed to evaluate differences in water
mobility and distribution. Three water states — bound-water, immobilized water, and free water — were detected in F. lonicerae samples at
different flowering stages, with e fraction decreasing in the order: immobilized water > bound water > free water. The proportions of free
water and bound water in the F. lonice ample at the three green stage were higher than those in the F. lonicerae samples at the big white and
whole floweting *es, and the immobilized water content of the F. lonicerae sample at the three green stage was lower than those of the
sample@he white ‘and whole flowering stages. During the drying process, different forms of water also exhibited different patterns of
change; the immobilized water content decreased gradually, while the bound water content decreased at first and then increased. The drying
process changed the/internal water distribution and water content of the F. lonicerae samples, and interconversion between different forms of
water occurred. The fluidity of the bound water increased during the initial period of drying, before decreasing during the final stages of the
drying process. However, the fluidity of the bound water of the sample at the large white stage continued to decrease throughout the drying
process. During the drying process, the water content of F. lonicerae was highly correlated with the peak area of immobilized water and the total
peak area (R > 0.9). Thus, the NMR technique used in this study provided an intuitive basis for the analysis of water distribution and variation
in F. lonicerae at different flowering stages.
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Fig.1 T, spectra of fresh Flos lonicerae samples at different
flowering stages
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Table 1 The integral peak area of T, of the Flos lonicerae at
different flowering stages

AR T, /ms T,y/ms Tyy/ms
=58 3.18 126.03 1217.38
P=E: 8.70 116.23 1320.09
Tt 5.97 174.26 2523.54

*® 2 NEHEHIE IR T IEIEERER
Table 2 The T, peak area of the Flos lonicerae at different

flowering stages

KRR As Ay A
=58 881.67 10015.22 61.41
XaH 751.28 9273.59 305.07
Fae 584.15 9500.04 396.85
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Fig.2 Changes.in the T, distribution of Flos lonicerae at the

three green stage during infrared drying
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Fig.3 Changes in the T, distribution of Flos lonicerae at the

large white stage during infrared drying
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Table 3 Integral peak area of the T, distribution of Flos lonicerae at the three green stage

Rt /h FElg Ay Ap Ay A
0 1.640 1445.58 16420.96 100.69 17967.24
0.5 1.497 964.94 15283.73 124.26 16372.93
1.5 1.218 769.51 12138.07 - 12907.58
2.5 1.035 892.05 9730.80 - 10622.85
4.5 0.842 1022.55 3939.16 3001.94 7963.649

191



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.9

R4 KEHISIRIETIRIZIE TiEAR S IEETR
Table 4 Integral peak area of the T, distribution of Flos lonicerae at the large white stage

FEAT1]/h €/ Ay Ay Ay A
0 1.980 1419.99 17528.03 576.62 19524.64
0.5 1.689 1055.53 16411.77 388.17 17855.46
1.5 1.331 910.08 12564.44 443.39 13917.92
2.5 1.089 494.86 10283.85 429.12 11207.82
45 0.867 884.17 6277.16 309.43 7470.752
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Table 5 Changes in Ty, Ty, and T3 of Flos lonicerae at the

HE b 52 B R A A

three green stage during infrared drying

FIEetE/Mh RE/g  To/ms T,,/ms T,3/ms
0 1.640 3.18 126.03 1217.38

0.5 1.497 3.62 116.23 1683.18

1.5 1.218 2.65 71.49 1098.23

2.5 1.035 2.40 56.07 453.98

4.5 0.842 2.33 40.55 222.19
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Table 6 Changes in Ty, T2, and Ty 0f Flos lonicerae at the

large white stage during infrared drying

FIReFE/M Zlg  Ty/ms  Ty/ms T,3/ms
0 1.980 8.70 116.23 1320.08

0.5 1.689 523 116.23 1979.16

1.5 1.331 4.01 91.15 1431.45

2.5 1.089 2.54 84.06 1122.66

4.5 0.867 1.72 91.15 1431.45
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Table 7 Comparison of water content and T, of Flos lonicerae at the three green stage during infrared drying

KE2/% T,,/ms Ty/ms Tyy/ms Ay Ay Ay A
KEE/% 1 0.732 0.913 0.828 0.169 0.993 - 0.974
T,1/ms 1 0.852 0.877 0.130 0.693 - 0.779
Toy/ms 1 0.778 0.348 0.876 - 0.976
Tos/ms 1 0.025 0.800 - 70784
Ay 1 0.143 - 0.285
Ay 1 - 0.949
Ax L e -
A 1

% 8 XKEHISIRIETIRIIEF LF-NR BH 5K F R EHX
Table 8 Comparison of water content and T, of Flos lonicerae at the large Whimge

1

Kos8/%  Ty/ms Ta/ms Tay/ms AN Y B, A A
KosE% 1 0.825 0.643 0.122 0461 0.992 0.592 0.990
Tyi/ms 1 0.699 0.024 0.742 0.825 0.736 0.859
Ty/ms 1 382 0.737 0.700 0.199 0.725
Tyy/ms 1 0.& 0.149 0.098 0.143
A 1 0.468 0.309 0519
A 1 0.551 0.997
Ax 1 0.567

A 1
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