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Abstract: Objective To study the correlation between color change, processing degree and internal and external quality indicators
in the preparation of Polygonatum cyrtonema processed by “nine-steaming and nine-sun-curing”, so as to provide a reference for
processing degree judgment and quality control of P. cyrtonema processed by “nine-steaming and nine-sun-curing”. Methods Based
on human vision subjective judgment for the appearance traits of P. cyrtonema samples processed by “nine-steaming and nine-sun-
curing”, the color of P. cyrtonema samples processed by “nine-steaming and nine-sun-curing” was objectively quantified by
colorimeter, SPSS 21.0 was used to analyze the relationship between the color, processing degree and internal and external quality

indicators, the quality index of P. cyrtonema samples processed by “nine-steaming and nine-sun-curing” by Triangle area method was
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established. Results During the processing of P. cyrtonema processed by “nine-steaming and nine-sun-curing”, the color value of the

powder increased, the apparent color of the sample became darker. The results of correlation analysis showed that there was a high

correlation between the color, processing degree and internal and external quality indicators. The comprehensive evaluation index was

the highest (2.61) when processed to steam for five times and shine for five times. Conclusion It can achieve objective identification

of P. cyrtonema processed by “nine-steaming and nine-sun-curing” on the basis of color change. It is inferred that the effective

combination of the color, processing degree and internal and external quality control standards can lay the foundation for the quality

control and end-point determination during the processing of P. cyrtonema processed by “nine-steaming and nine-sun-curing”.

Key words: Polygonatum cyrtonema Hua; nine-steaming and nine-sun-curing; color change; processing degree; quality; correlation

analysis; processing
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processed by “nine-steaming and nine-sun-curing”
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Table 1 Color determination results of sample surface, section and powder

- e} Wi IEN

L a b Ex'  AEx" L a b* Ex"  AEx" L a b" Ea"  AEa"
S1 50.14 6.87 2626 57.02 — 57.66 275 19.84 61.04 — 53.64 529 2849 6097 —
S2 3067 549 7.56 3206 27.00 36.81 7.99 1821 41.84 21.56 3347 1323 2456 43.57 22.03
S3 25.15 464 7.64 2669 3124 2901 350 540 29.72 32.09 2728 11.15 1497 33.05 30.20
S4 2146 249 505 22.19 3594 2460 149 328 2487 37.00 2385 472 372 2460 38.75
S5 2083 1.72  2.62 21.06 38.01 2388 080 1.73 2396 3838 2234 6.64 573 24.00 38.72
S6 19.88 1.36  2.13 20.04 39.09 23.08 0.80 132 23.13 3928 21.65 4.05 281 2220 41.04
S7 19.65 1.04 1.52 19.74 39.70 23.02 0091 1.19 23.07 3938 2138 3.87 237 21.86 41.53
S8 19.71 091 1.35 19.78 39.77 2296 0.79 0.67 2298 39.69 2134 470 2.63 22.01 41.38
S9 1942 1.21 1.66 1953 39.76 2288 1.18 1.55 2296 3933 2128 516 3.24 22.14 41.05
S10 1925 275 3.88 19.83 3837 2293 208 2.76 23.19 3871 21.05 555 376 22.09 4091
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Table 2 Results of appearance traits scoring of P. cyrtonema samples processed by “nine-steaming and nine-sun-curing”
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Table 3 Determination of intrinsic component content of P. cyrtonema samples processed by “nine-steaming and nine-sun-

curing” (n =3)

o A5 5%
BOZIY T REE WARE R CRRDAE NRDIURR R SRMEIRM  SRTILHG BRI A
S1 69.30 11.82 442 1.27 3.48 5.69 9.17 0.00 0.00 0.00
S2 70.27 8.41 16.04 1.70 5.80 17.74 23.54 0.42 0.00 0.03
S3 69.59 5.29 27.21 2.59 6.36 29.80 36.16 2.22 0.03 0.10
S4 70.17 4.84 32.04 3.84 4.64 35.88 40.52 3.04 0.07 0.13
S5 70.38 421 34.63 491 2.72 39.54 42.26 3.58 0.20 0.20
S6 71.02 3.74 38.33 5.81 1.96 44.14 46.10 3.72 0.26 0.20
S7 70.00 4.06 35.90 6.65 0.00 42.55 42.55 3.64 1.26 0.17
S8 66.27 4.56 34.63 6.85 0.00 41.48 41.48 3.58 1.64 0.17
S9 65.60 4.62 33.96 5.79 0.00 39.75 39.75 3.53 2.14 0.18
S10 63.29 4.58 31.58 5.76 0.00 37.34 37.34 3.52 2.75 0.18
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Fig.2 HPLC chromatograms of mixed reference (A), raw P.
cyrtonema (B) and P. cyrtonema processed to steam for five

times and shine for five times (C)
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TF /5 A P EEAEL PR DR B 8 0l B P S ) K i
253 Pt 5 WNAMERERA ST FEmER
M Wil #oREEeRERA—, BT RIE
EIEONIEL], WMOETR R BB IE TR I 1
SES YT WAME R AR IE BT - KR SPSS 24.0
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Table 4 Correlation analysis between chromaticity value and internal and external quality

AR5y i EZ ] B i % B FEBE
B F{H Pearson wEE  Pearson S FEME  Pearson S Pearson B EME  Pearson E  Pearson BiEE
AEOPE GO ABSSPE D AEZeME GRUID  AESCME GBI A GBI AESCPE GRUmD
L —0.796  0.006™  0.241 0.502 0.978 0™ -0.961 0™ —0.806  0.005™  0.437 0.207
a* —0.646  0.044" 0.218 0.545 0.329 0.353  —0.432 0213  —-0.662 0.037" 0.745 0.013"
b —0.902  0.000™  0.292 0.414 0.933 0™ —0.961 0™ -0.919 0" 0.649 0.042"
E -0.861  0.001"  0.270 0.450 0.984 0™ —0.984 0™ -0.872  0.001™ 0.536 0.110
PR A FPEXCRE 5-FREAE T 5-¥% F L BN
BEFE{E Pearson S EME  Pearson BEME  Pearson B EME  Pearson S EME  Pearson BEM:
AEOME GO ABSRME CGRUD  AEIeME G AESRME GBI ARG GBI
L -0.953 0" —0.961 0" -0.909 0™ -0.476  0.164 —0.892 0.001™
a* -0.478 0.163 —0.364 0.301 —0.581 0.078 —0.402 0.250 —0.545 0.103
b -0.972 0" -0.934 0" -0.98 0™ -0.544 0.104 —0952 0™
E -0.984 0" -0.973 0" —0.965 0™ -0.517 0.126 —0.941 0™

R RIRIRAE 0.05. 0.01 A CRAND BB EARSS

*and ** respectively indicate significant correlation at 0.05 and 0.01 levels (bilateral)
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2.54  WAMER E-CEE RN R AT
(1) AAMER R- A R RS A
AL ' b’ Ex" NBEZRE, USFERINED .

x5 MIMERE-BEEREFSHER
Table 5  Results of internal and external quality-

chromaticity value regression coefficient

ZHE. RPE. HENE . PRELE. XL E. 57 R R R HEER MMEMEREE
HETFmY . EEE A NEAE, FF SPSS kit HERAR ) 0.984 0.967  0.941 0.561
TN A, BESLNAME B E- (U R I B T R, E2 0.989 0979  0.962 0.499
ZERNAR 5~T. GREIR, WA R 25 ) R 0.986 0.972  0.950 2.383
FIEAEHH IS AT 98.7%- 92.3% 2 2 AN Bt FE b Wb 0.963 0928  0.871 0.735
L' a's b EsHI, Fiiehrlt 53 25 D 3R 5 L F=8 0.990 0.980  0.964 2.368
A W EEMEEA S Faoh R R, BT PHEAEEE 0974 0949 0.909 3.380
SRS ORI SRS T 2 2 . EORSER A STRREICFRY 0998 0996 0.992 0.125
&8, TORER A 0.993 0.986  0.976 0.011
*x6 MIMERE-BEERESH
Table 6 Analysis of variance of internal and external quality-chroma value
febn  BIR ESEZEF PR HERE M7 FE O PE fabr R B ZEE M HERE ¥y FME PME
HhMARS) 5 46.698 4 11.674 37.146 0.001 | B &1 B FUF1362.06 4 340515 60.7370
7 1.571 5 0.314 B 28.032 5 5.606
it 48.269 9 Hit 1390.091 9
EZ EYE| 56.860 4 14215572010  |HHEXCHESE [IH 1068.312 4 267.078 23.3850.002
B 1.243 5 0.249 B 57.105 5 11.421
it 58102 9 Mt 1125417 9
S U5 985.348 4 246337433890  |5-FRFEEER AT 17.585 4 4.396 283.087 0
B 28.387 5 5.677 B 0.078 5 0.016
Bit 1013736 9 Mt 17.662 9
HWEM  EA 34.933 4 8.733 16.161 0.005| ¥ k5 H8 A EE 0.045 4 0.011 90.989 0
B 2.702 5 0.540 B 0.001 5 0
Bit 37.635 9 Mt 0.045 9

(2) WAMEF E-LYE AR PR L A2
FE i G S P SCB R 4y, W — 20 A R A e L
NEAR, SN ZhE. FAE. AR, R
MEL XU S ENRAR R, FIH SPSS 21.0 it
HAT NS0T, SN AME R &-LE R 7 FE,
ZERIL 8~10. SR EIR, BREWESS, SPUAS. R
B AR, PR E. RS R, F M
TR A, 5 LB REMEIERR, WEEHE. 7]
B Tk R (10 0 € PR TR A R AP RAR A . T
HEE, SRS, RPN FHEMAERE
ik A
255 “JUAJUIT R MHIEIE QLY. ZHE K
F 7 dh g A e S g s, RA = MR
B, RV (AQ), L& (BQ) MHTE
JRE(CQ)I3 M QL H AQ=1—EYE" nax:

BQ=(TaXA+TbXB+TcXC)/(Ta+Tb+Tc),
A~C Rl RBE. W% BN E &, Ta. Tb.
Te A EIRBES RS ORI FEME, 43718 1.75. 0.70,

1.00181; CQ=CQ4/CQu max+ 1 —CQ/CQe max+CQ¢
CQtmax T CQ/CQg max T CQWCQhmaxs FH CQq~ CQen
CQr CQgv CQuarltFR “ILZESUIG” SEHEFE
B2 MY 20, SRR T S-FR FHAR IR . 3%
Rl A 85 E, CQdmaxs CQemaxs CQrmaxs CQgmax-
CQn max REZR & I KA KA T
PHATIH—ACAE B, THFREN N AQ=AQ/AQumax

BQ=BQ/BQmax» CQ=CQ/CQmax» FH AQi» BQir
CQ; i RFIAHE FEFE M A, LA R ATE
MAE, AQmas BQumaxs CQumax 23 AT M3 12
FEMOEEE, oMM ER S BRI R RE: o
TR, TR ARXN a=(AQ*+BQH)2, b=
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Table 7 Regression coefficient of internal and external quality-chroma value
_ EFriEfL ﬁ/ﬁ%% _ bRt *T{E@cfi
L it FRUERZE i PME et T PR IR ZE t{E P1E
ZH B Beta R Beta

HAASSr W 51269 8.486 6.041 0.002| HLHE &1 W 96392 35.842 2.689 0.043
L 1.384 0.760 6.116  1.820 0.128 L 1.546 3.211 1.273  0.481 0.651
a —1.855 0.402 —2.538 —4.616 0.006 a —1.823 1.697 -0.465 —1.074 0.332
b 2.843 0.747 12.133  3.805 0.013 b 2.779 3.156 2.210  0.881 0.419
E -3.122 1.058 —17.586 —2.951 0.032 E —3.988 4.468 —4.186 —0.893 0.413

EZ WE 2499 7.546 —0.331 0.754| SplXUbE SR R 54371 51.158 1.063 0.336
L -0.775 0.676 =3.121 -—1.146 0.304 L 0.979 4.583 0.896 0.214 0.839
a -0.135 0.357 -0.168 —0.377 0.722 a 0.715 2.422 0.203  0.295 0.780
b -0.471 0.664 -1.834 —0.710 0.510 b 0.004 4.504 0.003  0.001 0.999
E 1.148 0.941 5.894  1.220 0.277 E —1.663 6.377 -1.940 -0.261 0.805

PN WE 69.522  36.069 1.927 0.112|5-3 KL %M W& 10462  1.886 5.546 0.003
L 1.619 3.232 1.561 0.501 0.638 L 0.806 0.169 5.888  4.768 0.005
a -0.596 1.708 -0.178 —0.349 0.741 a -0.113 0.089 —0.255 —1.264 0.262
b 1.683 3.176 1.568  0.530 0.619 b 0.590 0.166 4.160 3.550 0.016
E -3.225 4.496 -3.964 —0.717 0.505 E —1.146 0.235 -10.676 —4.876 0.005

WEFE  WE 2687 11.128 2.415 0.061| FH KL A WE 1001 0.168 5.959 0.002
L -0.072 0.997 -0.363 —0.073 0.945 L 0.069 0.015 9.877  4.556 0.006
a -1.227 0.527 -1.901 —2.328 0.067 a -0.024 0.008 -1.058 —2.983 0.031
b 1.096 0.980 5295 1.118 0.314 b 0.071 0.015 9.943  4.833 0.005
E -0.763 1.387 -4.869 —0.550 0.606 E -0.108 0.021 —19.845 —5.162 0.004
*8 MHMERE-LMEEASHFER 3 g

Table 8 Results of internal and external quality-L* value 3.1 ,J\2=|=

regression coefficient

bz R R RMJE R bRMEMGEAIRZE
AP AR ) 0.796 0.634  0.588 1.485 84
EZi 0.978 0.956  0.951 0.564 46
e 0.961 0.924 0914 3.110 78
kb 0.806 0.649  0.605 1.285 07
PR SE 0.953 0.909  0.897 3.982 80
B SR 0961 0.924 0915 3.264 79
S-FREEFEZERY 0.909 0.826  0.804 0.620 31
BORETH A 0.892 0.795  0.770 0.034 09

(AQ*+CQY)'2, ¢=BQ4CQY)'2, P=(a+b+c)2,
S wi=[plp—a)p—b)p—c)]"?, QI=S i /0.866,
Foay by c NEATERI=1, p AZIOKEREY
e, S i MBI RERE S = AR HA, 2%00.866
FYEE DY 1 I SR = AT AR, “JLZE UG B0k
JEHIITFE QI &5 R 11, w50, MHE “H&hH
W7 i QI & 2 e KH

ARSI R PP A K AR LA AR,
HIRE I SR AN FEHIRERE R W
I ARG, mE e SRR, FEE
“IUFTUIN T MIHIREEE IR, FF R B HNR, L7

a's b'\ EMEZBHFEAR . J i f2 rh vt BRI 3
iR mEs i, Wil A GENINER, 51

Bl KRR R RS R A R —8. 74, d#E—Dad
AR PCA, RIL L2BEAE ISR
br, LMEFREA (L'=0rNEEG, L'=100 45
ANNE), RGO E EUE LT LR
WUV Hff R AF AL B 0 AP K e T 75 B FA 7,

FR B e BiE S LRI BOR N SME R &

RIRMEREAT BAR MM, iR &oR, BREWESL, S0
e RPE. WA, PSR, PREXREE.

ZIFW SR A 5 LY EILIER R, HiXLs
bRAE—ERE L B ZAMIBESEFMETE R, JFE
T DR LRI 3R 1] U5 75 R4S AR T 3 1o B ) P € R e i
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®9 MINMERE-LEREN

Table 9 Analysis of variance of internal and external quality-L” value

fabs BRI ZEEOT R amE By F{E PE Ei=tan B BSYZESE O A Al B FAE PAE
ShAR45 EIA 30.61 1.00  30.61 13.86 0.01 | Fpm & BJH 1263.19 1.00 1263.19 79.63 0.00
7z 17.66 8.00 221 & 126.90 8.00 15.86
Mt 48.27 9.00 B 1390.09 9.00
EZi EVE 55.55 1.00  55.55 174.36 0.00 | FEpEXCHE2 & EIH  1040.15 1.00 1040.15 97.59 0.00
7= 2.55 8.00 0.32 & 85.27 8.00 10.66
Mt 58.10 9.00 Bt 112542 9.00
S | EYE 936.32 1.00 936.32 96.76 0.00 |5-#2FHEZZ2EHy [ 14.58 1.00 14.58 37.90 0.00
¥ 77.42 8.00  9.68 W7 3.08 8.00 0.39
Mit 101374 9.00 Mt 17.66 9.00
HERE  [FIA 24.42 1.00  24.42 14.79 0.01 | #A5TH A EVES 0.04 1.00 0.04 31.10 0.00
¥ 13.21 8.00 1.65 W7 0.01 8.00 0.00
Mt 37.64 9.00 Mt 0.05 9.00

#10 MSMERE-LMEHEYVANT

Table 10 Regression coefficient of internal and external quality-L” value

Eizan B ebrdEf /BB ARiEIRZE ARdE(L R %L Beta tfa P1H EIEpiyE

HEIAR 53 T 14.806 1.376 10.760 0 Y=14.806—0.18 L
L —0.180 0.048 -0.796 -3.723  0.006

EZ7 L -0.875 0.523 -1.673  0.133
L 0.243 0.018 0.978 13205 0

P W 55.509 2.881 19268 0 Y=55.509—0.997 L
L —0.997 0.101 -0.961 -9.837 0 Y=58.819—0.161 L

GIEaki W 8.819 1.190 7410 0 Y=64327—1.157 L
L —0.161 0.042 —0.806 -3.846  0.005 Y=63.96—1.05L

BN E W 64.327 3.688 17440 0 Y=6.049—0.124 L
L -1.157 0.130 -0.953 -8.924 0 Y=0.301—0.006 L

BRENpEEE  RE 63.960 3.024 21.154 0 Y=55.509—0.997 L
L -1.050 0.106 -0.961 9879 0 Y=58.819—0.161 L

S-RELFE Wi 6.049 0.574 10.530 0 Y=64.327—1.157 L
L —0.124 0.020 —0.909 —6.156 0 Y=63.96—1.05 L

BORERR A L6 0.301 0.032 9549 0 Y=6.049—0.124 L
L —0.006 0.001 —0.892 -5.577  0.001  Y=0.301—0.006 L

®11 “NEAM” EFERERE QI

Table 11 QI of P. cyrtonema samples processed by “nine-steaming and nine-sun-curing”

5 CQd CQe CQr CQ: CQn AQ BQ CQ QI |45 CQd CQ. CQr CQ: CQn AQ BQ CQ QI

S1 098 1.00 0.00 0.00 0.00 0.00 0.17 0.98 0.09 | S6 1.00 032 1.00 0.09 1.00 0.64 1.00 3.78 2.61
S2 099 0.71 0.11 0.00 0.15 0.29 0.48 1.54 0.50 | S7 0.99 034 098 046 0.85 0.64 092 3.93 257
S3 098 045 060 0.01 050 046 0.76 2.64 1.37|S8 093 039 096 0.60 0.85 0.64 0.89 3.96 2.53
S4 099 041 0.82 0.03 065 0.60 0.87 3.07 1.89|S9 092 039 095 0.78 0.90 0.64 0.87 4.16 2.61
S5 099 036 096 0.07 1.00 0.61 091 3.67 2.34|S10 0.89 039 095 1.00 090 0.64 0.81 4.35 2.61
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MFRER ARG 7 BbE, HaRE. PRELE. 1
PEXURE B M S AT A, SR “ Lz
JUIE” ORGSR AR 2R A 5 R M3
BER, OO SAETE . WIERERY QL
=11 Eon S6 B “ AT FE5h QI A A, QI
EA RN “ HAARN” A28, wit—
SUESEHT IR AL “ UL Bk Rt T2 &3
PE, HRE “LZIUNG Y SRS ML) T2 KR E VAN
PRt 7K
3.2 BEHEERANSINERAIEEWHR

B TR FH €0 B R BE R A “ JLZE LA
TR ML 1] KA A 28 22 5 1 ) A 2 A 2k P 2
ARICFE B e v] B T Al AR R O 1 i 45
AR, FTRELL B ZE T SR I ORE O J ]
KAR LG TF-B,  SEBLEORE R M) KA
Refbinds . fESCPrA =i fE, &R AN
IS HO M LU SR & A LME
T, DA CLZEUIE” SRR B B
BB EAARHE . b, AR AR B 5253
KPR RZBATIRE, BT HLI0IE, L
WA “IUASTUI Y TEORS o1 B VP S A4 B A i A e
XA
3.3 RENIEFRAVIEE

HAT (P EZH) 2020 4R ER 15 E 1V E
A UL 2 B8 B AR HEAS /& DA TR AE B (1 T i
PORSFESS R B PUMR . R MR L . 3R
PSR 20, RO R A PUREERRY. Af
SCHRARGE, S R RER A HLAR
TEPER, WRUREE, TORRGIERE A, B A
AR, AR, A 2R, WS EL
/NP3, S BRI B A PUALER . G
AR AR 2= AT A FHR, (H B I SR
PERESUIURRIEFD N IE P 35 5648 R OB, IF H R AW
TERIE AL K AR R RS), [RIh 5-F2 FE RS & s
% /Do FLHERC A BORE M T AL, BT RAE RS A 5-
FRERRIE & AR PO RS R i s SRR
Fy EAREMPUEIEE T, TEARSN A PUEAE
FHROY, SEARETH A 2 TR  — Fhg R A, B
BABEIRIGTER . GRS )5,
X3 ERER N, BEA AKX A R
S TR . Rk, ABFFOEBEE R SR
BRI . SR WY, TR A MENERIIN S R
WTEFERR, 5635 RS 1) 5T S PPN 7SR AR

3.4 “RENAMT FAEMEAAREF BT

“IAETUN Y KBRS R SR T, (HiR
MR A E S AR 9 XA RETS B HORS HY
JAGHRHE? 3K — DS ] A 75 5 2 SR AT SR T
FOMBIEM] o FEAHE A, ARGE “ JLZEIUIG " S8
FEMHRIRLAE B PRI R 2L B FE A 2R AN
ZRIG 5 REIEE] LRI FOREHIMLE] <45 807
{5 SRR 7 45 A 25 R gt — B A B “ L L
G SRS AR “ 28 507

HBAHR PR ARG LEA 5 F R
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