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Nine-steam-nine-bask Process

ZHANG Fan', ZHONG Weihua®, LYU Chungiu?®, LIANG Qinmei*, WANG Jie*, LIN Ying""
(1.College of Light Industry and Food Engineering, Guangxi University, Nanning 530000, China)
(2.Nanning Customs Technology Center, Nanning 530021, China)

Abstract: Sensory evaluation combined with colorimeter, gas chromatography-mass spectrometry, electronic tongue and scanning
electron microscope were used to describe the "color, aroma, taste and shape" of Polygonatum sibiricum root. The molecular weight distribution,
monosaccharide composition and structure of the polysaccharides were analyzed by size exclusion gel chromatography, ion chromatography and
Fourier transform infrared spectroscopy. The results showed that during the steaming process, the Polygonatum sibiricum root changed from
yellowish white to dark brown. The bitterness score and sweetness score decreased, and the bitterness appeared after being steamed five times.
Internal pores appeared during the second steaming, with the tissue structure changing from dense to loose and porous. The molecular weight of
polysaccharide in the raw Polygonatum sibiricum root was about 12.8 ku. The molecular weight distribution of the Polygonatum sibiricum root
polysaccharides increased after the nine-steam-nine-dry-bask process, leading to the presence of fractions containing components with molecular
weights greater than 670 ku and around 2 000 u. D-ribose and galacturonic acid were found in the monosaccharides from the Polygonatum root
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steamed once, whilst the glucuronic acid and fucose disappeared after the third and fourth steaming, respectively. The IR spectra showed
relatively strong characteristic absorption at 3 410 cm™ and 2 930 cm™ for the polysaccharides from the Polygonatum root steamed for 0~9 times,
and the absorption peaks at 1 200~1 000 cm™ and 880 cm™ indicated the occurrence of pyranose and S-glycosidic bonds in the polysaccharides.
Investigations on the development of the physicochemical quality of Polygonatum root and the changing trend of its polysaccharide during the
nine-steam-nine-bask process allow us to provide a reference for the standardization of nine-steam-nine-bask process and the establishment of
quality standards.
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Table 1 Sensory characteristics of Polygonatum steamed for 0~9 times
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S9 Z2iBeE, BAESR R, B, R ILREK, B gal
E: S0~89: 0~9 K&%|HA.
5 SRR IR PN A SR AR ST

22 AW T LT ERER

R2 09 REFIABNEEE

Table 2 The chroma value of Polygonatum steamed for 0~9

times
ey  L* a* b* E*ab
SO 40.54° -0.84° 674 41.11°
S1 2971° 393  544° 3046
S2 2573° 021°  021° 2573°
S3 2520°  0.17°  0.09°  25.20°
S4 2523° 003" -0.10° 2523°
S5 2541°  0.07° -0.08° 2541°
S6 25.66°  0.15°  -0.01° 25.66°
S7 2526°  0.16° -0.03° 25.26°
S8 24.77°  040° 036" 24.77°
S9 25.08° 028 0.17° 25.08°
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Table 3 The relative contents of 5-HMF in Polygonatum steamed for 0~9 times

FEn i SO S1 s2 S3 S4 S5 S6 S7 S8 S9

5-HMF AB%44%/% 113 4.89 2263 4539 5173 54.62 6572 66.08 73.09 69.70
7E: S0~89: 0~9 KA G EAE.
R4 0~9 RS EAEH AR S {E
Table 4 The taste response value of Polygonatum steamed for 0~9 times

8 Bk ¥k Bk EFwRErk BokEk SR FEM O RR
SO 2477 1435 1.05 -0.29° 0.15¢ 6.74* 147 -1766°  12.23°
S1 2082 12165 030 -1.15¢ 0.09" 628 1319 -1935°  1027°
2 -1607"  13.57° 211t 0.53" 0.24° 493°  134° 20418 8.14°
S3  -1034¢ 987 279 -0.88° 0.30° 3460 138 2021F 462
S4 981F 975 4.08° -0.94¢ 0.39° 3509 1280 -19.90°  4.55°
S5 -7.05° 8.83"  4.44° -1.30" 0.43° 2777 133 1987 276
S6 5449 8468 231¢ 132! 0.30° 2118 1319 20870 2.088
S7 -4.63° 839" 2.99¢ -1.35 0.35¢ Log"  127% 2093  L79"
S8 -140° 747 963" -1.18" 0.65" 0.80 1198 -16.15°  -045
S9 429" 841" 287 -1.27¢ 0.38° 1.75' 126" 2058”134

E: RZAER IR EFRERFTEAAREEZRF (p<0.05); S0~S9: 0~9 KAHB|HIEH.
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Fig.3 The internal microstructure of Polygonatum steamed 0~9
times
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Table 5 Purification results of polysaccharides from
Polygonatum steamed for 0~9 times (%6)

St SALET XY=
PSP-0 68.7742.63  88.66+1.89
PSP-1 65.23£1.66  85.19£1.77
PSP-2 62.44+2.21 83.92+1.96
PSP-3 62.28+1.85  80.07+1.11
PSP-4 63.59+1.47  81.58+1.23
PSP-5 63.88£1.90  81.75+1.53
PSP-6 60.25£1.87  83.91+2.07
PSP-7 58.57+1.56  83.27+1.85
PSP-8 59.62+1.98  82.55+1.68
PSP-9 57.96+2.01 81.14+1.21

7Z: PSP-0~PSP-9: 0~9 Ki&#|EAF09 %4, TR.
262 FHE LA R ME

PSP-0~PSP-9 V.2l 70l e 25 UK 6 A,
PSP-0~PSP-9 I EAH —ERNMIER, LdliEE
AbEEfE, PSP-0~PSP-9 H A /& 18R 1 A7 7E
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Table 6 chemical constituents of polysaccharides from
Polygonatum steamed 0~9 times (%6)

Houth5 HEEAER ca=pn
PSP-0 3.18+0.01 1.88+0.02
PSP-1 4.88+0.01 1.87+0.02
PSP-2 4.91+0.01 2.33+0.04
PSP-3 6.40+0.01 3.52+0.04
PSP-4 6.26+0.04 3.73+0.05
PSP-5 5.95+0.01 3.65+0.04
PSP-6 6.12+0.01 3.29+0.01
PSP-7 6.18+0.02 2.29+0.03
PSP-8 6.24+0.01 1.924+0.02
PSP-9 6.21+0.09 1.16+0.01
27 EREBELTELM
20 a
1.8}
1.6
1.4
E 1.2
@ Lo}
o> 0.8
W o0.6—— /)
0.4 —
0.2 - : AN
0.0 T : o - ] PSP-0

0 10 20 30 40
PR B W 1] / min
4 0-9 REFEFIEBENSHEN TESH
Fig.4 Molecular weight distribution of polysaccharides from
Polygonatum steamed 0~9 times
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Fig.5 lon chromatograms of 13 monosaccharide standards
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TS B, RAGIE D-AZKETEE. 58—
ZHiJ5, PSP-1 Hrl-FUM. FvE S EbE, wiE il
TE\ZE\ M|, — 78— Bk 2 H A B R BE R Bl
SUN TSR B (EEHIERE 2 ih, aps &
WA AT, EEREHE 29.63 ¥R 78.77.
PSP-1~PSP-9 5kl B — & & 2 1) D-20E, Ho=
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Table 7 Retention time and linear equation of monosaccharide standards

F5 -2/ t/min KT AR R RSD% (1n=6)
1 Fuc 5.48 1=0.228 6x+0.747 9 R*=0.993 0 4.12
2 Rha 10.41 1=0.155 2x+0.458 6 R*=0.993 4 3.03
3 Ara 11.00 1=0.285 5x+0.588 5 R*=0.996 7 231
4 Gal 13.65 y=0.335 9x+0.698 8 R*=0.996 7 1.88
5 Gle 15.52 y=0.437 8x+1.217 R*=0.993 9 3.15
6 Xyl 17.93 y=0.373x+1.104 5 R*=0.9942 2.79
7 Man 18.57 y=0.317 7x+0.299 9 R*=0.999 4 3.29
8 Fru 21.81 3=0.148 4x+0.041 9 R*=0.999 7 1.51
9 Rib 23.77 1=0.300 5x+0.209 R*=0.999 6 2.36
10 Gal-UA 42.06 y=0.168 2x-0.060 6 R*=0.999 2 2.71
11 Glc-UA 4530 $=0.292 5x-0.025 5 R*=0.999 5 2.95

R 8 0~9 RAFIRIER S VERYRA R BE/REL S

Table 8 Monosaccharide composition and molar ratio of polysaccharides from Polygonatum steamed for 0~9 times

s B2 M ASE R LD .
Fuc Rha Ara Gal Gle Xyl  Man Fru Rib Gal-UA Glc-UA
PSP-0 20.15 1 2.73 3.08 1527 11.65 48.62  3.69 - - 12.42
PSP-1 621 892 36.86 9486 505 1 5529 10886 6 1.86 2.79
PSP-2 31 585 2745 107.05 1435 19 50.6 60.6 5.1 3.45 1
PSP-3 1 244 1365 7585 673 121 2768 2935 238 291 -
PSP-4 - 203 11.68 8132 990 1 18.65 32.19 2.65 3.26 -
PSP-5 - 3.03 11.92 11246 24385 1 2223 3127 331 5.35 -
PSP-6 - 1.81 11.08 62.10 16.52 1 1129 1596 1.77 2.65 -
PSP-7 - 262 6.66 10452 545 1 17.10 2145 293 4.83 -
PSP-8 - 5 6.58 139.81 7.04 1 18.81 2223 3 6.5 -
PSP-9 - 269 3.13 7898 585 1 1059  9.17 141 3.15 -

AT RTALNE.
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