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Abstract: In this paper,based on response surface method to optimize the hot air drying process of cultivated Fritillria cirrho-
sa D. Don, moisture transition point by single factor experiment,on the basis of the response surface method is used to design
optimization cultivated F. cirrhosa two-stage variable warm wind drying process , the use of HPLC to establish cultivated F. cir-
rhosa nucleoside compounds content determination method ,a model was established to evaluate the quality of medicinal mate-
rials by taking the character score of medicinal materials,the normalized ( OD value) of the contents of total alkaloids, total
starch and total nucleosides as indicators. By comparing the external characters and internal quality of the medicinal materials
of constant temperature drying and sectional hot air drying,the optimal sectional hot air drying process was verified. Finally,
the best hot air drying process of cultivated F. cirrhosa was obtained : drying at 60 °C to 45% water content, taking out and
placing for 12 h,drying at 50 °C to less than 15.0% water content. The experimental results showed that the process was reli-
able and stable. Under this condition,the appearance and internal quality of cultivated F. cirrhosa were better,which could be
used in the actual production of cultivated F. cirrhosa.
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Fig. 1 Diagram of medicinal materials at different moisture transition points
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Setting parameters of stage-changed drying
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Fig.2  HPLC chromatograms of sample solution ( A) and mixed reference substance solution (B)
L PRWERE ;2. M ;3. IRIEIEERS ;4. JRAY ;5. I BRMENE ;6. ILEF ;7. 5458, BRIZENS ;9. iy ;10. BR;11. 2/ - SR . Note:1. Uracil;
2. Cytidine;3. Hyposanthine;4. Uridine ;5. Thymine ;6. Inosine;7. Guanosine;8. Adenine;9. Thymidine;10. Adenosine;11. 2’-Deoxyadenosine.

R2 HUEREFEREXREY

Table 2 Linear regression equation and correlation coefficient

B4y LRk IRl A 5 LA ERR Ll
Component Linear regression equation R Linear range  Quantification limit  Detection limit
(pg/mL) (pg/mL) (pg/mL)

JREEIE Uracil y=1.288 3x-0.1559 0.999 3 0.3~15 0. 146 0.129
B Cytidine y=0.645 3x0.127 5 0.999 7 1~50 0.333 0.238
IR % Hypoxanthine y=1.188 3X-0.014 2 1 0.1~5 0.082 0.033
RFF Uridine y=0.710 4x +0.011 9 0.999 9 3 ~150 0.376 0.002
A R ELE Thymine y=1.061 7x +0.014 1 0.2~10 0.012 0.001
L Inosine ¥ =0.478x-0.002 5 0.999 9 0.2 ~10 0.054 0.032
94 Guanosine ¥ =0.733 8x-0.005 2 1 3 ~150 0.048 0.019
BEIE S Adenine y=1.654 4x-0.025 8 0.999 9 0.6 ~30 0.039 0.030
Mg+ Thymidine y=0.556 8x-0.010 7 0.999 9 0.5~25 0.093 0.041
A7 Adenosine ¥ =0.959 5x-0.038 5 1 3 ~150 0.086 0.054
2" - B R 2'-Deoxyadenosine y=0.797x-0.004 2 0.999 9 0.1~5 0.057 0.021
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Table 3  Precision investigation of nucleosides
W FH Peak area(mAU - min)
= Ji- v 3 e s A Ji- G e Bi- 2’_ =) 7
WENo e WA RN REE WRWNE N SH M W R R
Uracil Cytidine Hypoxanthine Uridine Thymine Inosine  Guanosine  Adenine  Thymidine Adenosine deno/ inJe
sine
M1 40.398 3.875 1.390 40. 695 2.836 14. 800 21.636 3.394 5.880 41.953 5.187
M2 42.314 3.879 1.420 40. 066 2.783 14.588 21.185 3.581 5.870 41.163 5.174
M3 42.489 3.936 1.430 39.471 2.827 14.754 21.084 3.327 5.901 41.234 5.195
M4 42.352 3.950 1.470 39.137 2.867 14.767 20.774 3.319 5.897 40.107 5.165
M5 42.098 3.930 1.470 38.759 2.876 14.796 20.406 3.350 5.913 39.518 5.118
M6 42.456 4.008 1.470 38.897 3.052 15.232 20.39%4 3.358 5.986 39.276 5.138
RSD(% ) 1.92 1.25 2.34 1.89 3.25 1.45 2.31 2.90 0.70 2.63 0.57
R4 ZEEBRSEEUER
Table 4 Repeatability investigation of nucleosides
FRifd i Content( pg/g)
W5 Weigh N T, 2B
No.  the sample JRWEWE  JEFF  KEEER  JRIF JREENRE WLF By REEe MY JiH ) ,
. 1 . L . . . . L . 2'-Deoxya
(g) Uracil Cytidine Hypoxanthine Uridine  Thymine  Inosine Guanosine Adenine Thymidine Adenosine q L
enosine
CF1 0.9999 213.07 60.48 22.99  750.27 8.16 37.25  410.62  45.57 42.10  557.92 21.57
CF2 1.0003 213.02  60.46 23.06  740.77 8.30 39.58  409.01 46.36 43.30  559.63 20.99
CF3 1.0005 211.11 57.99 22.84  739.21 8.34 39.72  403.28  43.91 41.32  555.66 21.49
CF4 1.0002 212.47 58.17 22.50  729.85 8.28 38.48 399.77  43.66 41.34  554.21 21.32
CF5 1.000 0 215.24  58.54 23.79  731.69 8.05 39.63 399.91 46.12 39.92  548.85 22.51
CF6 1.000 1 218.51 62.13 24.44  736.00 8.12 39.39  404.61 46.75 42.30  552.46 22.49
RSD(% ) 1.22 1.22 2.78 3.06 1.00 1.37 2.50 1.12 2.88 2.74 0.70
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B[Rl — R 25 B By R, $5 B 1. 8. 17 TR T3 ik 4]
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Table 5 Stability investigation of nucleosides

I T FH Peak area( mAU « min)

%S . \ " . 2B T

No.  URWENE MU KRR ORI MoRwEE WL S RE Wi B
Uracil  Cytidine Hypoxanthine Uridine  Thymine  Inosine  Guanosine  Adenine  Thymidine Adenosine  ~~ "%

0 26.554 3.739 0.850 52.501 0.881 7.545 29.529 1.838 2.465 52.897 1.674

2 27.296 3.616 0.910 52.433 0.896 7.243 29.916 1.890 2.401 53.562 1.669

4 27.055 3.882 0.930 52.552 0.899 7.605 29.602 1.897 2.291 53.304 1.695

6 27.574 3.817 0.890 51.991 0.869 7.709 29.340 1.892 2.292 52.624 1.790

8 27.997 3.725 0.890 52.303 0.876 7.697 29.688 1.880 2.345 52.975 1.788

12 28.844 3.627 0.900 51.564 0.850 7.648 29.287 1.802 2.496 52.580 1.709

RSD(% ) 2.89 2.79 2.98 0.73 2.06 2.29 0.78 2.04 3.66 0.72 3.18
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Table 6 Determination results of sample recovery rate (n = 6)

e B A HL

JA:

ot Bt EITe

Co ﬁﬁem SampT: jorim Adding amount Detection amount Recovery rate (RqSOD)

(pg) (pg) (pg) (%)
FRUZNE Uracil 39.8 19.9 60.8 105.4 1.6
1 Cytidine 24.8 18.1 41.6 92.8 4.7
YR Hypoxanthine 6.0 4.4 10.6 105.7 0.1
PRFF Uridine 130.6 66.6 202.2 107.6 0.7
Ja B RE Thymine 4.2 4.4 8.9 107.4 0.1
WIFF Inosine 6.4 5.5 11.5 93.2 3.5
2,3 Guanosine 160.7 177.1 331.0 96.2 1.8
JIZRS Adenine 8.0 3.6 11.4 94.7 1.2
T Thymidine 6.7 7.5 13.6 91.5 3.6
i # Adenosine 95.6 49.6 144.0 97.7 0.2
2" T 2'-Deoxyadenosine 4.4 5.0 9.8 107.9 4.2

1.8.4.6 ML
U] — 3 B, 45 BR R 5 i A A A A

Sy R A AR 1 Inertsil ODS-3 C (4.6 mm x 250
mm,5 um) 3% 2 Ulimate AQ-C 5 (4.6 mm X
250 mm,5 wm) A% 3 Waters HSS T3 (4. 6 mm x
x7

250 mm,5 wm) (oA R IR A (03 i AT A
R WLER T, g5 R A S A TS 4 RSD
JEEITE 0. 71% ~2.95% , 1 W% 7 i 0,38 A i v
ER/T

AR A

Table 7 Column durability investigation

i Content( pg/g)

@G

2" BN

Column  JRFENE MO KEER R Mapgmsne WU 5 PRI RS Mty i3 2" Deoxva
Uracil Cytidine Hypoxanthine Uridine Thymine Inosine Guanosine  Adenine  Thymidine Adenosine R ¥
’ denosine
1 195.69 62.10 7.86 708.11 7.96 150.78 400.73 11.49 40.27 554.90 21.57
2 207.48 61.02 7.70 731.69 7.58 148.78 395.34 11.21 40. 63 547.77 22.48
3 203.00 59.69 7.70 705.11 7.74 148.45 396.50 11.28 41.95 543.13 22.31
RSD( % ) 2.95 1.98 1.19 2.04 2.46 0.84 0.71 1.30 2.16 1.08 2.17
1.8.5 ik 2 TRER

F LA 107 000 5 B A 245 44 B AR W0 B e B B
SVZAT B 4k, LA Hassan 200 45 48 bR 2547 00 — 16 ik
H,LLOD {EAE PP R Tr o
1.8.6 iEALIE

BellaR ] Excle 2019 gE47 4k B, w17 1 1 R
H Design Expert 8. 0.6 FF4: i, HaxEIE B origin
2022 ez .

2.1 NSz H&FETE
2.1.1 a5 @A RO TR IR 2 R

FIA Design-Expert 8. 0. 6 % {4 4% & Box-Be-
hnken AyHU A G SCE BT, B8R 3 O SEER AT,
3 17 A0 5, 047 3 N2 3 KR, HAk s
BRI ILES,
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Table 8 Design scheme and results of segmented drying experiment

5 No. B KGR 45 BB
First stage temperature( °C ) Moisture transition point( % ) Second stage temperature( °C )
T1 40 50 50
T2 50 30 60
T3 50 50 60
T4 50 40 50
T5 50 40 50
T6 40 40 60
T7 50 40 50
T8 40 40 40
T9 50 40 50
T10 60 40 40
T11 60 50 50
T12 50 50 40
T13 50 40 50
T14 60 40 60
T15 60 30 50
T16 40 30 50
T17 50 30 40
2.1.2 mEMEER TELR G RSARIRITIA IS OD (W3 9,

17 UL PEAR B A e e b & i SRR Lk 10,
RO AMIINUEREDEDRE.SEMEE (« £5)

Table 9  Appearance properties and total alkaloid and total starch content of medicinal materials(; +s)

47 Content

G T4 WIS 43 Sy L IR I

No. Surface score Section score Total score Total alkaloids Total starch Total nucleosides oD

(%) (%) (ng/'g)

T1 5 6.5 11.5 0.135 +£0.002 50.7 £0.88 1 189.29 0.478 2
T2 3 5 8.0 0.129 +£0.002 36.67 £0.44 693.17 0.1357
T3 6.5 8 14.5 0.147 £0.005 59.24 £0.23 1316.57 0.699 4
T4 9 9 18.0 0.162 +0.005 56.4 £0.88 1591.24 0.902 5
TS 7 8 15.0 0.151 £0.002 67.77 £2.74 1394.01 0.8205
T6 5 5.5 10.5 0.113 £0.001 61.31 £3.56 1362.11 0.473 17
T7 8 8.5 16.5 0.149 £0.002 69.02 £2.27 1378.12 0.842 9
T8 5 5.5 10.5 0.133 +£0.001 47.97 £0.11 1210.37 0.4317
T9 7.5 9 16.5 0.153 +£0.003 66.73 +£0.00 1564.19 0.898 3
T10 4 5.5 9.5 0.133 +£0.002 42.68 +£0.30 850.22 0.2750
T11 7 7 14.0 0.157 £0.006 49.51 £0.42 1 531.45 0.7253
T12 4 5.5 9.5 0.134 £0.006 42.25 +0.70 702.94 0.239 1
T13 8 8.5 16.5 0.153 £0.009 66.46 £0.37 1 566.79 0.896 7
T14 5 5.5 10.5 0.137 £0.001 43.73 0. 65 1224.41 0.425 2
T15 4 4 8.0 0.119 0. 001 43.38 +1.52 645.24 0.1239
T16 5.5 6 11.5 0.132 +0.001 53.12 £0.27 1 133.99 0.469 4
T17 3 3 6.0 0.138 £0.002 51.87 £0.23 918.92 0.315 4

T MR 0 = 2, KRB R 0 = 3,

Note:n = 2 for total nucleoside indicators,n = 3 for other indicators.



102 KRR ST & Vol. 35
FR10 BELEHHSEE(n = 2)
Table 10 Nucleoside content (n = 2)
i Content( pug/g)
W5 e N N o N o 2TREURE B
N R T ke RE mmwR wr s wi g JRIRE G0

Uracil  Cytidine Hypoxanthine Uridine ~ Thymine  Inosine Guanosine Adenine Thymidine Adenosine nosin‘e content

T1 34.55 11.17 2.50 459.19 2.27 9.07 244.96 19.84 15.14 336.90 53.70 1189.29
T2 188.97 6.90 4.51 193.79 1.50 27.22 52.59 46.08 11.13 112.59 47.90 693.17
T3 10.10 8.24 2.24 538.36 4.63 8.81 277.93 12.53 21.49 371.05 61.20 1316.57
T4 4.05 15.20 2.30 670. 12 6.33 9.50 356.67 12.87 40.08 401.61 72.52 1 591.24
TS 11.75 14.47 3.84 587.96 3.18 9.89 286.12 13.16 17.27 388.80 57.56 1394.01
T6 6.65 8.20 1.24 574. 66 6.02 6.97 300. 11 9.96 26.61 362.46 59.23 1362.11
T7 4.90 8.47 1.43 572.59 6.08 7.29 301.45 9.13 29.05 371.15 66.57 1378.12
T8 15.25 10.47 2.37 473.39 4.74 12.97 251.53 15.50 17.84 349.27 57.04 1210.37
T9 3.17 11.35 1.50 670. 80 8.37 5.45 341.92 10.56 50.92 395.44 64.71 1564.19
T10 85.85 5.09 2.54 316.36 1.49 12.76 136.93 33.28 8.27 200.79 46.85 850.22
TI1 3.23 16.27 0.96 649.58 7.03 3.36 342.53 10.95 40.25 396.58 60.72 1531.45
T12 90.75 10. 80 6.16 287.45 0.86 38.70 69.63 38.20 6.94 109. 25 44.20 702.94
T13 4.28 9.34 1.04 668.42 6.89 6.40 342.84 10.22 44.11 398.97 74.28 1 566.79
T14 19.23 19.55 3.05 483.16 3.32 10.50 250.76 13.72 15.07 353.84 52.22 1224.41
T15 179.88 7.50 5.11 186. 85 1.58 6.12 45.91 52.28 7.57 110. 44 42.01 645.24
T16 17.76 17.56 3.48 436.93 2.62 8.20 225.04 16.34 11.96 340.42 53.67 1133.99
T17 37.78 5.78 3.71 321.12 7.22 16.88 153.95 18.18 13.52 294.11 46.67 918.92

2.1.3 %itFEoH 0.991 7, fEHIEY P <0.000 1,10 HAE Y 25 i ig 2 ]

FIH Design Expert 8. 0. 6 4%t 55 — By Bt i
JE KA S, B T BOREE AT A, 1
U4 J7 FE S OD = 0. 872-0. 038X1 + 0. 137X2 +
0.059X3 + 0. 148X1X2 + 0. 027X1X3 + 0. 160X2X3-
0. 185X1%-0. 238X2%-0. 286X3%, # 3t & ¥ R* =

FF RN DURE 1 T 209 0 i A . ph e 11
AR, AT R R AU e A S P =0.479 5( >0.05),
TR FNEZES V2O R 5 S PRI DU R4
TR 522 AT RE R REL IR 22 7 AE , W] TR TR R 23 M
PO e £ o BE 8 T2

K1l FESWER
Table 11  ANOVA results
T3 2RI {2275 F0 A F p
Source of variance Deviation sum of squares Degrees of freedom

HETH 1.19 9 92.59 <0.000 1
X1 0.01 1 8.04 0.0252
X2 0.15 1 105.21 <0.000 1
X3 0.03 1 19.52 0.003 1
X1X2 0.09 1 61.32 0.000 1
X1X3 0.00 1 2.05 0.1955
X2X3 0.10 1 71.52 <0.000 1
X1? 0.14 1 100. 12 <0.000 1
X2% 0.24 1 167.24 <0.000 1
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%13% 11 ( Continued Tab. 11)

J5 28 MU fiis 23 J5 #1 A HEZ
. - F P
Source of variance Deviation sum of squares Degrees of freedom

X3? 0.35 1 241.02 <0.000 1
5% % Residual 0.01 7 1.00 0.479 5
3T Lack of fit 0.00 3

"2 Error 0.01 4

B 2 Cor total 1.20 16

RYETT 2204521, 5 OD HM TS BAFLHUER 2 A TREXE OD (B i 9 i 137 1f 141
UCHEFF 9 X2 > X3 > X1, BIUK -S4 > 55 v BE TRULIKN 3. MR TAT A5 T UL M B e 1™ 19 1T R] 2 % Wi
HREE > 55— B BORE , W PR AL X2 %) OD {5 [ OD fELAYRZ IR, 2 = Lt B 1 4 44 PR 3% ) 22 A
SN 15 B 2 % K P (< 0.000 1), 2 HAE I FHAGE, 25 IR0 OD (B0 I AN A < K 3 B 4
X2X3 %f OD {HAFIH 2% 7KF( <0.000 1), SR B BURLE R — B BOR 507 22 0 B A R

HRIGARLIL 3 Hr 25 58, K H Design Expert 8.0.6  #i[Fl.
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Fig. 3 Response surface diagram of the interaction of various factors
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2.1.4 mAEBARTFRIZHHT

K JH Design Expert 8.0. 6 #0445 T B AT
KA AF RGBT D B TR TN SR —B
BEHRIRE R 60 C, T ZE K EH 47.16% , HL
HCE 12 h, T 53.5 C T2 E/KE<15.0% , 1
I OD fE>4 0.767 0, ARYELPRIRAE , Fe 200 & f i
TR TR T OSBRI N 60 °C 1
FEEIKE R A5% O CE 12 h, 750 CHREF

KE<15.0% .
2.2 IRIFSRIGHER

K12 BEERSSENESER(n=2)

Table 12 Determination results of nucleosides content (n=2)

Fz i 7 1 2 B AR B A R R T
4 3 #L2hF 153 3 Ht = BexU T4 251 1 Sb WL
B AR I 421 (UL 12,13) , HSF-34 OD
{24 0.785 5, 5% OD {H 0.767 0 {2 0.013
(RSD 2 1.58% ) , n] L , >R I wieg o7 i A5 126 9 e A
TR ZHA SR S RE T

Fiw Content( pg/g)

2),?'“% 274 L4 AL
No. RWME M KOO R MRENE NE B BREDS W Ry Soronl S
Uracil  Cytidine Hypoxanthine Uridine ~ Thymine  Inosine Guanosine Adenine Thymidine Adenosine S
nosine content
P1 22.81 6.04 9.45 551.00 8.59 8.88 282.73 19.25 49.54 338.77 107.86  1404.92
P2 25.34 5.52 11.16 546.33 9.39 9.35 277.68 20.97 53.62 333.20 110.46 1 403.02
P3 27.18 5.22 13.42 545.16 11.55 11.76 273.05 24.55 57.06 328.68 116.28 1413.91
x13 WIEHER
Table 13 Verification results
st i AW B B o
Batch Total Score Total alkaloids( % ) Total starch( % ) Total nucleosides( pug/g)
P1 16.5 0. 140 £0. 002 65.27 £1.95 1404.92 0.777 3
P2 16 0.146 £0.002 62.64 £2.91 1 403.02 0.779 2
P3 16 0.153 £0. 006 60.56 £1.34 1413.91 0.799 8
H{H Mean value 16.17 0. 146 62.83 1 407.28 0.7855
RSD( % ) 1.79 4.55 4.42 0.41 1.58
2.3 —EXTREERTRAMMBRLLE BT RR BIK S AL A 45 % FERT 2 10 h, B
2.3.1 FruK JICE IS R] A 12 b, SEBR 4 ] 2T 50 CfE iR+

I 25 R UL IR 4, Bt T8 B T , T B k1) 4

M /DT 40 CHEIR T

Ji, Bk 2 4K o 1] 7350 0 40 (85,140 85 h, Hrp

1.00 —J

0.75 =1
0.50 =

0.25 =

F /K & Water content (%)

0.00

BT R
Two-stage drying

40 C
50 C
—— 60T
5 = T —
0 40 80 120 160
B[] Time (h)
B4 FiEmzk

Fig. 4 Drying curve
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2.3.2 4P

AP S AT 0L, AR T Bl 5 ik, 40 ~ 60
CER TR 25 M PR 22 , HLBER T3 /Y
Thims , A B RR BE 3R RSB il 1 B RIR TR
P O S DU , VeI A5 P00 553 , ) B A T A
Kio X AT RESE T DU RE & & SR, 76 1 I ] g it A

PF T BER 2 AL PEMIAL 5 ES , TR I A PR 22 o i
40 CHBRAEMS I, 58 2501 SR KL EAB AL (AR 3R
THT €5 O I, i W o 500 °C B 3R T8 e 4 2
F UL RERE D (EARE T — BT T 2402 K
LR IR

40 °C 50 °C 60 °C B AT IETwo-stage drying

BS Ztiik e E
Fig. 5 Comparison of medicinal properties

VE AL 2GR B, RIARRAE ; C. Wi FFAE ., Note: A. Medicinal material diagram;B. Surface features;C. Section features.

2.3.3 AAERE
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AP, BT RGA E SE Y TR e
HAT— @ i3, i T 40 .60 CAHIR TR 2581 (P <

0.2
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L
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Total alkaloid content (%)
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Two-stage
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B
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260 b
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41 g 45
= 8
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Fig. 6 Total alkaloid and total starch content
AR A NG F R R A R AL B4 8] ) 25 53 5.2 (P <0.05) , Note; Different lowercase letters in the figure represent significant

differences among different treatment groups( P <0.05).
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Fig. 7 Comparison results of nucleosides
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