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Optimization of Processing Technology of Salt Anemarrhena Rhizoma Using Multi-index Response Surface
Method Combined with Chromaticity

CHEN Yanan, WENG Lili, XIAO Chunping, JIANG Yuxin, YANG Jingrong, HOU Xiaolin* ( College of Pharmacy,
Changchun University of Chinese Medicine, Changchun 130117, China)

ABSTRACT :OBJECTIVE To optimize the processing technology of salt Anemarrhenae Rhizoma, and to clarify the correlation
between the chemical composition content and color value of salt Anemarrhenae Rhizoma. METHODS Mangiferin, neomangiferin,
isomangiferin, timosaponin A ]I , timosaponin A[ll, timosaponin B ]I and timosaponin Bl were used as evaluation indexes, and the
amount of salt water, stir-frying time and stir-frying temperature were used as influencing factors. Design-Expert 12. 0 software, Box-
Behnken response surface method combined with weighting method were used to optimize the processing technology of salt Anemarrhena
Rhizoma. The chromaticity values of 17 samples with different process parameters under response surface method were determined, and
Pearson correlation analysis was performed on their components and chromaticity values. RESULTS  The optimum processing technol-
ogy was as follows :50 mL of 80 mg + mL ™" salt water was added to each 200 g of Anemarrhenae Rhizoma decoction pieces, the stir-fry-
ing time was 15 min, and the stir-frying temperature was 140 “C. The results of chromaticity study showed that the content of man-
giferin, neomangiferin, isomangiferin and timosaponin B ]I was negatively correlated with the chromaticity value L # , and positively
correlated with the chromaticity values a # and b * , indicating that the smaller the L * value, the larger the a * value, the larger the
b # value, the closer the salt to the dark yellow, the higher the content of mangiferin, neomangiferin, isomangiferin and timosaponin B
[I. CONCLUSION The optimized processing technology is stable and feasible. The analysis method for the determination of 7 com-
ponents in salt Anemarrhenae Rhizoma is accurate and reliable. The chemical composition of salt Anemarrhenae Rhizoma has a signifi-
cant correlation with the color value. The quality of salt Anemarrhenae Rhizoma can be preliminarily evaluated by the appearance color,
which provides a theoretical basis for its multi-dimensional quality evaluation.

KEY WORDS: salt Anemarrhenae Rhizoma; Box-Behnken; preparative technic; chromaticity; weighted method
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B27334 , 4li i 98% ) KBk AT AT (HES B21656, 4l
FE98% ) KIEEE AT BI(HL'S B21657 , 4 98% ) \HI
FRELTF BIT(HES B21658, 4l B 95% ) ¥y [ |1 U5
LR MR A BR A F] L & SR (iS5 NY/T 1040,
BIRM R RACA IR AT o VKBSER . I (a4,
Ji LR Ak, HAR o st
1.3 2 e Byl &

3K 2 AR IO R 4 g % T 30.40.50 .60
70 mLafioKk g HIAFER K& . BT L 27 TR [
BRI, 2 B [ 24 310) 2020 4F iR 05 vk AT A
BLACH “ImER K (4 100 kg TR RN 2 kg ) #4547,
[ R KR, B TR P & Y, ST
B ik

2 FAEEHER

2.1 #HumBFWMEMEFER)EENE

211 @R R SRIE 1 BRI (PR
HOFERH  RER ), AL Agilent ZORB-
AX SB-C (4.6 mm x 250 mm,5 pm) ;0. 2% pKESR-
ZHE(91:9) Iyt Sl A AR B Bk 1.0 mL + min~'
FETR 30 C 5 SEREARL 10 s K < 258 nm,

BRI 2 B R (BT AT )
B AN ekt BID ek BID) , @ikt
Agilent ZORBAX SB-C; (4.6 mm %250 mm,5 wm) ;
IK(A) -2 (B) i sl AH, #6 B e (O ~ 10 min,
8% ~15% B;10 ~20 min, 15% ~28% B;20 ~ 35
min,28% ~35% B ;35 ~50 min,35% ~40% B;50 ~
60 min,40% ~60% B;60 ~70 min,60% ~8% B) ;
PR EE 1.0 mL + min ™' REL 26 °C 5 ERE fR B
20 wL; 7&K AR IS0 °C 3 LA EE 50 °C 5 UK
1 400 mL » min ™',

2.1.2 XSRS A BUER SRS ) s PR
B ORI et AR BRI RS ARE i
A H50% LW LA 1 mL 23531 25 B O %) IR
45.6 .41.3.13.2 pg BIRGIHER, RIFS.

AR BUNRE R AT e AT,
SRR B AR B TG 53 R A
S R A SRR T omL oy Bl bR R B 4.0,
34.0.117.0.5.2 pg MHFHL, BIAG
2.1.3 PRSI SRR ORI
kit 1k =5 07) 29 0. 1 g, K% AR € , B HZEHEID R
ORI AR 50% 2.5 25 mL, Frae ke,
AEFR ()3 250 W, 45148 40 kHz)30 min, 7% , IIHAR )
B 50% LA RIS A U, ISR, RIS
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s B TE G, BRAE . 0 10 20 30 Lo 50 60
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B2 2R E & (A) ik ko B 5 (B) By HPLC
Fig.2 HPLC diagram of mixed timosaponin reference substance
(A) and salt Anemarrhena Rhizoma decoction pieces sample(B)
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1 — Neomangiferin; 2 — Mangiferin; 3 — Isomangiferin.
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Fig. 1

giferin reference substance (A) and salt Anemarrhena Rhizoma

HPLC of mixed neomangiferin, mangiferin, isoman-

decoction pieces(B)

R SRR 0 R R

2.2 FHFEEE
2.2.1 ZRMERRELE RIRHC2. 127 IR
P2 o3 1 A 4 B % 0.2.,0.6 1.0, 1.4 1.8,
2.0 mL & F 2 mL )i, AR50 50% e
BRI w0 1 RN, 70 A
W10 L, 452, 1. 1730 g A 1 3 A
SN

A3 IR 2. 1. 27 T SR AT 28 40 o R VS T
0.2.0.6.1.0.1.4.1.8 2.0 mL % F 2 mL i+,
FH RS 25 20 B W BB AT SRS 1 ROV R AR
Ay BIRS B ER 20 WL, #e“2. 1. 17T 6 % 45 14 2 7
AR TE o

DA B AR (Y)W BE AR AR (X)), 4
il R F R AR BT AR 2R S5 R 2R 1

Tab.1 Linear relationship of index components of salt Anemarrhena Rhizoma

Index component Regression equation r Range of linearity/pg - mL~!  Detection limit/ g + mL ~! Limit of quantitation/wg + mL ~!
Mangiferin Y =3 659 050. 048 1X +198 614.520 5 0.999 8 45.6 -456.0 3.25 9.82
Neomangiferin Y =3 045 708.912 4X + 146 105.794 5 0.999 6 41.3-413.0 2.76 8.47
Isomangiferin Y =3 045 708.912 4X +146 105.794 5 0.999 8 13.2-132.0 0.89 3.22
Timosaponin Al  ¥Y'=2015.884 8X +17.092 6 0.999 6 4.0-40.0 0.13 0.98
Timosaponin Al Y =8 056.287 0X +416. 563 0 0.999 5 34.0 -340.0 1. 64 5.28
Timosaponin BII Y =16 874.574 4X +13 932.186 3 0.999 6 117.0 -1 170.0 10. 21 31.43
Timosaponin BI ¥ =4 871.946 8X +15.388 9 0.999 6 5.2-52.0 0.26 0.92

2.2.2 FEWRESCE ORPEIREC2. 127 TR B
SRBIT IR A0S R T I 10 L S S50 X HE
VAR 20 L, 4% 2. 1. 17 T (3 25 0, i A RO
T IEZEHERE 6 UC, ML RE , 10 W T BUEL, 45
SRERH B R SRR R AL R

FPIE 222k 2025 4F 1 H 5 60 45 1

A AL AR B I ATJRE R B I 0 AL
HAXS A i 22 (RSD) 233 9 0.17% . 1.57% |
0.16% ,1.56% ,1.79% ,1.94% M 1.71% (n =6) ,
R LA

2.2.3 WEVESEE  REFRIUE AR 6 1,

<23
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F42. 137 BN ik s i s i 422, 117 I
A TR T B i, G R R B
AT SR R AL AT AT AR
1 BIVFI 20 £ 2 7 BIE 44 54 9. 48 .3.11.,0.53 .
0.49 8.42 30. 16 F1 1.09 mg - g, H 919 RSD 43
% 1.58% .1.75% 1.51% .1.62% .1.59% 1. 14%
M 1.89% (n=6) , RUEEEMERLT,

2.2.4 FRUEVESCE  OREEEWORC2. 1,37 WT B
Ko 10 pL B H RIS 20 pL, 4272, L 17 IR (4
A, 76 0.2 4 .6.8.10 12 24 h 4311 A A
A, HRIEDE , DA OB R S R
FERH AT R AL BT B I AT ATRE
1 B I AR E A AR AR, 0 s T AR 416, 45
R et R R R R AL B
A AL AR AT B I AR 4 B W ALY
RSD 4% % K 0.67% . 0.97% . 0.95% . 1.78% .

1.89% .1.88% F111.82% (n =8) , F Bt B
TEZ T T CE 24 h R .
2.2.5  JnAERICRSCE R B FRIBCGER H BB R
1 =5 i)0. 05 g, 3k 6 £y, AN AR & X B
W2 mL (& 1 mL P21 4,420 9 mg B2 R
1.358 7 mg  HT= A5 0. 329 0 mg) ,,
FEEPRIBUER B R (i =5 0) 0.5 ¢, 3L 6
B3, 23 BIAAKS BRI 2 mL (4 1 mL &R0
AT 0.161 7 mg HIHE2F AT 1. 408 2 mg, HIH:2
FH BI 1.219 4 mg FE:EA BIL 0. 157 7 mg) .,
2L VIR g S A I L TR
B, g5 R s, PR OB R R R A
R A AR AL R B I AR
B ¥ #1843 00 Dy 100.25%
104.33% ,99. 40% . 100. 05% . 98. 86% . 98. 45% F
102.71% (n=6) , 251 F% 2,

T2 haERRAT R0 A DR
Tab.2 Sample recovery rate of index components of Anemarrhenae Rhizoma salt
Index component  m( Known quantity)/mg m( Added)/mg m( Measured ) /mg Recovery/ % Average recovery rate/% RSD/ %
Mangiferin 4.431 6 4.4209 8.8813 100. 651 2 100. 25 0.79
4.400 6 4.420 9 8.8355 100.315 9
4.419 1 4.420 9 8.904 0 101.447 3
4.428 3 4.4209 8.808 0 99.068 7
4.430 6 4.4209 8. 860 4 100. 200 7
4.415 4 4.4209 8.828 2 99. 816 4
Neomangiferin 1.352'5 1.358 7 2.7752 104.710 4 104. 33 0.48
1.3512 1.358 7 2.7773 104.958 9
1.3553 1.358 7 2.774 7 104.473 1
1.359 7 1.358 7 2.777 8 104.373 1
1.370 4 1.358 7 2.7811 103. 829 9
1.363 1 1.358 7 2.771 3 103. 641 4
Isomangiferin 0.3352 0.3290 0. 665 4 100. 361 4 99.40 1.49
0.317 4 0.3290 0.650 1 101.129 0
0.3358 0.3290 0.658 3 98.016 2
0.3412 0.329 0 0.671 1 100. 296 1
0.347 6 0.329 0 0.667 7 97.310 1
0.296 7 0.3290 0.623 3 99.267 5
Timosaponin A [l 0.162 0 0.1617 0.326 0 101. 467 2 100. 05 1. 68
0.166 0 0.161 7 0.327 2 99.701 5
0.160 5 0.161 7 0.3245 101.427 5
0.161 7 0.161 7 0.3255 101.321 4
0.161 7 0.161 7 0.3191 97.320 8
0.158 5 0.1617 0.318 6 99.033 6
Timosaponin A [l 1.440 3 1.408 2 2.8276 98.512 1 98. 86 1. 89
1.358 9 1.408 2 2.723 8 96.921 6
1.4159 1.408 2 2.8390 101.053 2
1.3719 1.408 2 2.742 2 97.304 4
1.447 1 1.408 2 2.873 1 101.262 0
1.4152 1.408 2 2.79 5 98.090 3
Timosaponin B I 1.248 0 1.219 4 2.4519 98.727 9 98. 45 1.76
1.160 8 1.219 4 2.337 4 96.481 9
1.199 0 1.219 4 2.4192 100. 059 6
1.238 8 1.219 4 2.430 2 97.696 3
1.207 4 1.219 4 2.436 9 100. 825 4
1.262 5 1.219 4 2.444 3 96.910 7
Timosaponin BIIl 0.164 2 0.1577 0.328 2 103.958 4 102. 71 1.70
0.1599 0.1577 0.3230 103. 400 8
0.160 0 0.1577 0.3222 102.812 8
0.150 2 0.1577 0.307 7 99.876 2
0.1572 0.1577 0.3223 104. 678 1
0.154 8 0.157 7 0.314 9 101. 507 6
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2.3 AN ETEHT

e 2 ) 2020 4% Rz H R 14 H1BE 48 B L
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R EEER SN Ay (PR et AR R e R A
AR (B AL EnRE R4 AL 0+
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43 WIRE I

sy =[ Ay
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RI BHHFRXELBRERER, n=3, x5

: XUt 378 1 : XUggi g 514710 AT (D)
xi(max) gigeon X1(Max) g o

xi\xi(max) 73 RN G @ A SEIR AR TR AR &
55 1 AN SRR bR S R ERCORE
2.4 RHRRFERER

DA 25350 R A Ay el i e ) 7 0 DB o, 60
Pl IS (R] R 1 b, 42 24 MO E 4 100 ke TR &R
2 kg AER K 52t KBl i a] b i e DA mi R 3R
T RFEE,
2.4.1 HUKEROTESE H200 g FIEFR S 4y, 230
I B e B2 2 133.3 mg » mL™ [ 3R K 30 mL,
100 mg - mL ™"y £h 7k 40 mL .80 mg - mL ™' ff) £k /K
50 mL.66.7 mg + mL ™" {£hsK 60 mL 57. 1 mg - mL ™'}
$57K 70 mL, & 1 h,140 °CF 45 25 min B, 4540
B2, et bk i 40 .50 .60 mLHTIRZMT, WAk 3,

1 x50%

Tab.3 The results of salt water test of salt Anemarrhenae Rhizoma. n =3, x s

Index

Salt

Comprehensive

discharge/ml, - 1 Mangiferin Neomangiferin Isomangiferin Timosaponin A [I  Timosaponin Al Timosaponin Bl  Timosaponin BIIl score
/mg - g~ ! /mg - g~ ! /mg - g1 /mg-g’1 /mg - g~ ! /mg - g~ ! /mg - g~ !

30 7.60 +£0.77 9.89 +£0.76 0.55 +0.02 0.53 +0.06 9.29 £0.47 25.22 +£0.77 7.69 0. 37 69. 36

40 7.73 £0.69 12.39 +0. 69 0.50 +0.05 0.85+0.13 10. 86 +0. 55 16.22 +0. 85 46.92 +0.51 94. 85

50 8.44 +0.73 11.07 £0.71 0.57 £0.03 0.88 £0. 12 10.79 +£0. 53 22.96 +0.71 42.73 £0.55 95. 05

60 5.59 +£0.71 7.20 £0. 61 0.43 £0.02 0.89 0. 11 11.95 +0. 51 4.33 +£0.81 66.26 0. 45 82.03

70 7.21 £0.75 9.24 +0.72 0.46 +0.01 0.37 £0.05 9.08 +0.43 25.39 +0.75 3.67 +0.31 64.09

2.4.2 PR AEERE X200 g FIERERE S O,
AL BE Sy 66.7 mg - mL™" £ 7K 60 mL, ft]
i 1 h,140 CF 4> BI45 4] 10,15 .20 .25 .30 min, 4%
FINBGE , B AP ) 2y 10 15,20 min P87 )5 2%
w5, A 4.

R4 B EPHHEALREELER, n=3,vxs

2.4.3 WHNRERBER 200 g HIEEK S 4,
DTV 2 6.7 me - mL~" R 7K 60 mL, i
1 h, 3 5I7E 120,130,140 150 160 °C %5 25 min, Z54
JIA: , 3 B b il SR 130,140 (150 °C 47 5 et
7%, W5,

Tab.4 The results of stir-frying time test of salt Anemarrhenae Rhizoma. n =3, x +s

Index

Frying

Comprehensive

time/min Mangiferin Neomangiferin Isomangiferin ~ Timosaponin A [l Timosaponin Al Timosaponin Bl  Timosaponin BIIl score
/mg - g~ ! /mg - g~ ! /mg - g~ /mg - g™ ! /mg - g /mg - g~ /mg - g~

10 8.35+0.70 7.93 +0. 63 0.55 +0. 04 1.39 0. 15 12.24 +0. 56 35.60 £0.75 4.57 +0.41 86. 44

15 9.92 +0. 69 10. 96 0. 79 0.56 +0.01 0.90 +0. 10 8.81 +0.41 32.92+0.72 3.47 +0. 50 90. 46

20 7.59 +0.73 8.60 +0. 81 0.49 +0. 04 1.15+0. 12 5.62 +0.39 16. 11 £0. 65 34.10 £0.43 88. 89

25 7.35+0.71 9.24 +0.70 0.50 +0. 03 0.94 +0. 15 7.08 +0. 45 28.02 +0. 81 10. 40 £0. 55 80. 61

30 8.12 0. 65 8.67 +0.72 0.56 +0.01 0.81 +0.09 9.57 +0.58 27.88 +0.79 5.70 +0. 45 79. 04

2.5 Box-Behnken 7 i T 3% 1 6 20 B 3 % T4

2.5.1 Box-Behnken SZIG% 1T 545K FFBANE AL
K (LA, W] Design-Expert 12. 0 #0331 Box-
Behnken Hi Jiy TR M ] 20590 07 58, LAER K & &b
il I T b A B S DR, ST 3 IR 3 KPS
2,3 7KL 1.0, — 1 JEAT 4t , PRI ZR K26 L

FPIE 222k 2025 4F 1 H 5 60 45 1

F 6. 2. 1. 37T R Ik R R A P
2. LU TR EG AF, DI Rl P 2R B
A SRRAT IR AL R AL RIEE
BH B AR BITR & &, L7 Rl i &
W ZE G PR A D PR 4R B, L0 B S 4
WK,
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RS BHEFPHEBEEIRERLER, n=3, xxs

Tab.5 The results of stir-frying temperature test of salt Anemarrhenae Rhizoma. n =3, x s

Index
Frying Comprehensive
Mangiferin Neomangiferin Isomangiferin ~ Timosaponin A [[ Timosaponin Al Timosaponin Bl  Timosaponin BIIl
temperature/ °C score
/mg'g’l /mg-g’l /mg'g’l /mg'g’l /mg-g}’1 /mg}'g’l /mg-g’l
120 7.74 £0.75 8.78 +0.71 0.56 £0.01 1.26 £0. 11 13.47 +£0.51 30.57 £0. 69 3.93 +0.39 66. 99
130 9.62 +0.73 10. 76 £0. 69 0.73 £0.05 0.81 £0. 14 11.66 +0. 57 17.97 £0.73 37.16 0. 35 86.58
140 7.79 £0.71 10.36 £0.76 0.56 £0.02 1.09 £0. 07 13.18 £0.55 39.53 £0.70 34.84 +0.47 92.94
150 9.59 +0. 69 11.44 £0.73 0.75 +0.02 0.90 £0. 15 11.17 £0. 56 11.13 £0.72 50.98 £0. 52 91. 84
160 8.99 +0. 67 10.98 +0. 80 0.64 +0.03 1.04 £0. 19 10. 49 +0. 62 31.31 £0.71 4.64 £0.41 74.10
6 bk ff Box-Behnken 508> [ % AP & Y=+97.54 -2.73A +0.35B +0.94C +2.90
Tab. 6 Box-Behnken test factor level table of salt Anemarrhe- AB +3.55AC + 2. 82BC — 8.49A% — 3.84B*> -
: i ¢ 2
nae Rhizoma 6.33C°(r=0.976 5) ,J5 2= M4 R W3 8.
Level > =1 » e
Factors - 8 A, B e Ao B OE M
-1 0 1 N N N
(P <0.000 1),%4li% 2N 0.368 6, K B %
A(Salt discharge/mL) 40 50 60 A0 A R i N P 4t — -
B( Frying time/min) 10 15 20 )jbal:U\ = Eiﬁ(ﬁ?o ﬁ%ﬁ*ﬁ—n%ﬁﬂ? s JJIL7J($ (
C( Frying temperature/°C ) 130 140 150 % A ) Xj é/%-‘: % i;lz éj\ﬁ 1:& E % ?; urtﬂ ( P <0.01 ) . E_

%432 B /E M AB, AC T A % B 3% 5 m
2.5.2 MRS5S LN SR Design- (P <0.01), ZkKIi A* [ B® C*¥yAg e & MR
Expert 12. 0548847 5048 43 b7, 15 28L& 7 FE h (P<0.01),

*R 7 i H Box-Behnken S35 it 5 4 F

Tab.7 Box-Behnken experimental design and results of salt Anemarrhenae Rhizoma

Salt Frying time Frying Mangiferin  Neomangiferin Isomangiferin ~ Timosaponin Timosaponin Timosaponin Timosaponin  Comprehensive
o discharge/mL /min temperature/°C /mg +g™!  /mg-g”!  /mg-g ! Al/mg-g™! All/mg-g! Bl/mg-g~! BIl/mg-g~! score
1 40 10 140 7.48 12.35 0.55 0.33 6.49 29.56 2.72 90. 260 5
2 60 10 140 7.48 8.52 0.49 0.53 6.93 26. 56 1.90 71.7322
3 40 20 140 7.44 11.53 0.52 0.59 6.27 25.39 5.68 86.914 7
4 60 20 140 7.07 9.60 0.48 0.38 5.72 32.03 3.89 85.967 3
5 40 15 130 7.41 11.13 0.51 0.41 5.47 29.97 3.58 87.530 4
6 60 15 130 6.87 8.15 0.47 0.53 7.15 27.26 1.72 76.244 7
7 40 15 150 6. 80 11.96 0.43 0.39 5.86 24.21 3.76 82.112 1
8 60 15 150 7.75 8.69 0.53 0.56 8.14 29.34 3.53 85.041 1
9 50 10 130 7.55 11.75 0.58 0.37 6.98 30.42 1.85 89. 680 6
10 50 20 130 8.09 10. 28 0.56 0.32 4.88 27.82 2.53 82.999 0
11 50 10 150 7.91 9.68 0. 60 0.38 6.38 30. 84 2.35 86. 128 6
12 50 20 150 7.77 10. 67 0.49 0.51 7.87 30. 05 4.17 90.709 3
13 50 15 140 7.32 13.74 0.48 0.49 6.76 36.23 2.05 100. 000 0
14 50 15 140 7.02 13.33 0. 45 0.50 6.48 34.88 2.14 96. 621 0
15 50 15 140 7.10 13.33 0. 46 0. 48 6.70 35.89 1.96 97.978 7
16 50 15 140 7.12 13.30 0. 46 0.48 6.64 34. 68 1.78 96.344 8
17 50 15 140 7.16 13.33 0. 46 0.51 6. 60 35.19 1.51 96.774 0

2.5.3 WARNLEIZPHT SR A Design-Expert 12.0 % B AR X o 13 6L A4 75 T B0, 7w B B, 26 v 4%
PR Ry X, 7R AR Ry 22 0 AT 4 SR BTSRRI LA 3 5 S v 2 R B AR SR
LR b 22 W I PR RS R kL TR KR R AR S T AR AR L 3,
] BNF[E] D BE XS 2R PR R . AR 3 Rl KRR R A T O B 200 g HIEE A
A& HLAE X W) IO (L () 52 R T A e LR IR R B B VR ) 80 mg - mL 7T ERIK S50 mLL, Kb i i)
TET PR 73S, W] 7 T P R 25 e £ P n] LA B AR SRS fE] 1S min KPR E 140 C
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Tab.8 The results of variance analysis of regression model of salt Anemarrhenae Rhizoma processing technology

Sources of variance Quadratic sum Degrees of freedom Mean square F value P value
Model 772.31 9 85.81 32.36 <0.000 1
A 59.58 1 59.58 22.47 0.002 1
B 0.97 1 0.97 0.37 0.564 0
C 7.10 1 7.10 2.68 0.145 8
AB 33.53 1 33.53 12. 64 0.009 3
AC 50.51 1 50.51 19.05 0.003 3
BC 31.71 1 31.71 11.96 0.010 6
A2 303.22 1 303.22 114.34 <0.000 1
B2 62.05 1 62.05 23.40 0.001 9
c? 168. 47 1 168. 47 63.53 <0.000 1
Total residual 18. 56 7 2.65
Misfit error 9.46 3 3.15 1.39 0.368 6
Pure error 9.10 4 2.28
Summation 790. 87 16
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Fig.3 Response surface diagram of each factor of salt Anemarrhenae Rhizoma processing technology
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&9 3 s Box-Behnken " b7 T 3£ 30 9 52 Ip 45 B

99.325 6(RSD =0.61% ,n =3 ), 1545 5 i 3 {5 +H
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Tab.9 Experimental scheme and results of Box-Behnken response surface method of salt Anemarrhenae Rhizoma processing technology

Salt Frying  Frying

Mangiferin Neomangiferin Tsomangiferin Timosaponin A Il Timosaponin ATl Timosaponin B Il Timosaponin BII Comprehensive

No.  discharge time temperature . » » » » . . ]
il i I /mg - g /mg - g /mg - g /mg - g /mg - g /mg - g /mg - g score
1 50 15 140 7.22 13.23 0.48 0.49 6.58 35.11 2.11 98.649 5
2 50 15 140 7.40 13.28 0.47 0.48 6. 64 35.70 2.09 99.820 1
3 50 15 140 7.33 13.42 0.47 0.49 6.56 35.37 2.05 99.507 1
RSD/ % 1.20 0.75 1.26 1.17 0.58 0.83 1.57 0.61

2.6 THumBreEEE

2.6.1 @ENERME WESECH D [LED #56
Wk G IR, 8° M M Y, 8 mm LA, X A% iR 22
AEab * <0.4, K IE 5 #1700 &, #5015 B W3R
10, FEA R ot R B LI 4.5,

K10 B & (S1~S17) KB K KA E

Tab. 10 Test conditions and appearance color of salt Anemar-

rhenae Rhizoma samples( Sl - S17)

Sample  Salt discharge ~ Frying Frying Appearance
No. /mL time/min  temperature/C color
S1 40 10 140 Brown yellow
S2 60 10 140 Light brown yellow
S3 40 20 140 Brown yellow
sS4 60 20 140 Light brown yellow
85 40 15 130 Brown yellow
S6 60 15 130 Light brown yellow
s7 40 15 150 Brown yellow
S8 60 15 150 Brown yellow
39 50 10 130 Light brown yellow
S10 50 20 130 Brown yellow
S11 50 10 150 Brown yellow
S12 50 20 150 Dark brown yellow
S13 50 15 140 Dark brown yellow
S14 50 15 140 Dark brown yellow
S15 50 15 140 Dark brown yellow
S16 50 15 140 Dark brown yellow
S17 50 15 140 Dark brown yellow

2.6.2  fELFEIR BERAERES R (123 5
i) 292 g, BSOS A Py, TR

2.6.3 FEBELEL 2. 427 FI“2. 4. 17 T
O A 1 s, e o B SR E 6 IR,
S EPEREPR Lo+ ja® b {H, 455 RSD 1 <2% ,
RSG5 AT

2.6.4 HEMFZE pHlEe2.4.27 2.4 170
T 6 Oyl W R, SRR AR
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Fig. 4 Seventeen Pieces of salt Anemarrhena decoction pieces
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Fig. 5 Seventeen Pieces of salt Anemarrhena powder figure
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2.6.6 ERAIBROEEMESSR  ralie2.4.27
F2. 4. 1" BURTr ik a5 17 Gy, B 0y E A2

FEAEE 3 U IE T E, TR B A Eab « 24
A HEabs =(Lx”+a%>+bx")"? ZEHRLE 1L,

I 11 &6 I, EhAIEE L+ (a s b+ Eab « JifH
SrHIA 67.92 ~49.89 8.25 ~7.00,16.99 ~ 14.02
F169.77 ~53. 33, Z o0 & ALK B B (6 [
gl AN

R HHBFERPGERERENELR
Tab. 11  Measurement results of each component content and chromaticity value in salt Anemarrhena Rhizoma
Sample Mangiferin ~ Neomangiferin Isomangiferin Timosaponin A Il Timosaponin AIll Timosaponin Bl  Timosaponin BIIl
Lo ax b  Eabx
No. /mg - g~ ! /mg - g~ /mg - g~ ! /mg - g1 /mg - g~ ! /mg + g~ ! /mg + g~ !
S1 7.48 12.35 0.55 0.33 6.49 29. 56 2.72 52.06 8.05 16.99 55.35
S2 7.48 8.52 0.49 0.53 6.93 26. 56 1.90 64.41 7.49 15.07 66.57
S3 7.44 11.53 0.52 0.59 6.27 25.39 5.68 51.02 7.89 15.99 54.05
sS4 7.07 9.60 0.48 0.38 5.72 32.03 3.89 60.99 7.28 15.18 63.27
85 7.41 11.13 0.51 0.41 5.47 29.97 3.58 54.11 7.67 16.11 56.98
S6 6.87 8. 15 0.47 0.53 7.15 27.26 1.72 67.92  7.00 14.02 69.70
S7 6. 80 11. 96 0.43 0.39 5.86 24.21 3.76 65.89 7.20 14.43 67.83
S8 7.75 8.69 0.53 0.56 8. 14 29.34 3.53 52.26  7.95 16.85 55.48
S9 7.55 11.75 0.58 0.37 6.98 30. 42 1.85 50.09 8.10 16.94 53.49
S10 8.09 10. 28 0.56 0.32 4.88 27.82 2.53 49.89 8.19 16.96 53.33
Si1 7.91 9.68 0. 60 0.38 6.38 30. 84 2.35 50.84 8.25 16.98 54.23
S12 7.77 10. 67 0.49 0.51 7.87 30.05 4.17 53.59 7.64 15.83 56.40
S13 7.32 13.74 0.48 0.49 6.76 36.23 2.05 50.25 8.15 16.85 53.62
S14 7.02 13.33 0.45 0.50 6.48 34.88 2.14 52.59 8.02 16.70 55.76
S15 7.10 13.33 0. 46 0.48 6.70 35.89 1.96 52.56 8.03 16.87 55.78
S16 7.12 13.30 0. 46 0.48 6. 64 34.68 1.78 52.45 8.01 16.60 55.59
S17 7.16 13.33 0.46 0.51 6. 60 35.19 1.51 51.83 8.02 16.68 55.04
N v 2 S
2.6.7 MRV AR T BloABUN
He ke - L e > >
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v b ZERFW R SRS Lx as b AU
B 6 hko £ 5 (S ~S17) 8t I AIME 2 1E 43 51 Sk 0. 020 ,0. 023 ,0. 030, P <0.05;

Fig. 6 Chromatic heat map of salt Anemarrhenae Rhizoma sam-

ples(S1 - S17)
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Fig.7 The mass fraction of effective components( A) and the change trend of chromaticity value(B) of salt Anemarrhena Rhizoma
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Tab. 12  Correlation analysis between color index L

,a *, b % and the content of effective components in salt Anemarrhena

Rhizoma
L* a b *
Component
Pearson correlation P Pearson correlation P Pearson correlation P
Mangiferin -0. 5591 0. 020 0. 5481 0.023 0. 528" 0.030
Neomangiferin -0.5031) 0.039 0.495D 0.043 0. 488" 0.047
Isomangiferin -0. 4841 0.049 0.4991) 0. 041 0. 4851 0. 049
Timosaponin A [l 0. 111 0.672 -0.158 0. 544 -0.203 0.435
Timosaponin A [l 0. 006 0.983 -0.021 0.937 0.013 0. 960
Timosaponin B I -0.491" 0. 045 0.499") 0. 041 0.567") 0.018
Timosaponin BIIl 0. 004 0. 987 —-0.240 0.353 -0.222 0.393

T A RO R, D P <0.05,

Note: D P <0. 05 , vs effective components in salt Anemarrhena Rhizoma.
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Fig. 8 Pearson correlation analysis heat map
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