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Study on the production process of Eucommia ulmoides beverage base slurry

CHEN Zhi-Yuan"**

(1. Bio-Resources Key Laboratory of Shaanxi Province, Shaanxi University of Technology, Hanzhong 723000, China;
2. College of Biological Science and Engineering, Shaanxi University of Technology, Hanzhong 723000, China)

ABSTRACT: Objective To study the production process of Eucommia ulmoides beverage base slurry. Methods
The leaves of Eucommia ulmoides were used as raw materials, water was used as extraction solvent, and the leaching
rate of chlorogenic acid was used as the main evaluation index, the production process parameters of Eucommia
ulmoides beverage base slurry were optimized by single factor analysis and Box-Behnken response surface method.
According to the obtained extraction parameter data, the internal control index that could be used for actual
production monitoring of the quality of beverage bottom slurry was preferred. Results The optimal extraction
conditions optimized by response surface method were the extraction time of 50 min, the extraction temperature of
86 °C, the solid-liquid ratio of 12: 1(mL: g), and the extraction rate of chlorogenic acid was 13.2017 mg/g under these
conditions. The correlation analysis showed that the correlation between chlorogenic acid concentration and soluble
solids was extremely significant (P<0.01), but it was not sufficient to construct a reliable linear regression equation.
Conclusion Temperature, extraction time, and material-liquid ratio are the main parameters that control the
preparation quality of Eucommia ulmoides beverage base slurry. Soluble solids are suitable as preliminary monitoring
indicators in pilot and production, and chlorogenic acid concentration is suitable as fine monitoring indicators for
beverage preparation.

KEY WORDS: Eucommia ulmoides; response surface method; extracting solution for botanical beverage

HEEWR: Per R TR L5 E A4 (SLGQDI3-18) . Beih 2011 Z& A ¥y iR 8135 i35 H (QBXT-17-2)

Fund: Supported by the Shaanxi University of Technology (SLGQD13-18), the 2011 Collaborative Innovation Center (QBXT-17-2)

“BITEE: MRdiis, BIZEE, WA S IW, FEFS I AR R . i TSI . E-mail: zyswezy@snut.edu.cn

*Corresponding author: CHEN Zhi-Yuan, Associate Professor, Bio-resources Key Laboratory of Shaanxi Province, Hanzhong 723000, Shaanxi
province, China. E-mail: zyswczy@snut.edu.cn



4490 1% A T R A

81

1 51 &

A K B Al R R 7T 45T M DA B AT R R
A BYIE K, P )R8 TRORE IE A AT B AR T B A
U kA2 44 Eucommia ulmoides Oliver), &3 E4g HIA
AP, 7T R R A U AL R o s, i e
R NI CINEaR R Ry L L o N < I B W LS A E
vt 8R4 % . 2018 4F F K TU@ZE A0 ARSI A T
R H SR BETENE PP A | iS4 IX, SRR
PPy AL 7= X, B ok T AR 4 AL A A SR
1/8 [0 74 i B LT P AT e 2 428 R A BASE, BA5
L RN bl = S e SR G 2N 2y o ik 7 41
FEIT. BRI A AR . Ahffrh 2 A
PPEEFEASSE o (HLUS AT A EIBORE, L™ fIF &R A
JB, B FCER AS rm AR ER A A7l 38 A JE BE A 1), AR
@R A T R T2 A, mA AR ORI &
B AT LA, B AL Al s SR AL i AR

H R DhRedHE OB 2 Fh A= B0, (DT B
PN R S5 LIS A SR BOA W, DA kL R 3 213145 T g
PR LA L, B AR LTS RS 5 2 8 T 2R,
SRIG LABCAH S Ry EZEIEORL, BHLOE . MR . A DRSS HAth
1R 1 JFURE 5 K 4 — 2 Fe el i e e A 7 A2
TERE Tl 5 b AR v K TR L0 20 WIAS . TR S5 DL,
RAGEIREME RS RIS T BOR MR, HER THEY
KRBV SY, I 2E 5 5% B A LAl . Boil A4
FIPCREAA S Z AE P AR R B, RIS 72T 93 100
HERE THERARIAIENS o (Q)LLLE AR K R4 I
TR, AR SR b R BORAS R AT =X = v B ORHIE 2K,
SRJG LABCIOBHIE SO TEORE, LIRS . R . AR S A r gk
AT JEORE 55 7K — 5 E R R e o i B0 LA A A
BRI g it K SR goRHES 3 il £ I 3R OB U, ORIIE T ORHY
Zatk, e R —E WY R EFEW RS, K
RE AP DI et OB A R BRI AS
FERFRIUE T, EThREPE R 1538 A e Rk, [T ¢
PR AR TN — AR AR

SRR AT A T E R T, RISt A A

PR A R TTRRE, R AL b DR G ORE B A 1) 1A
A Bt FURISE T LUK O S O 5 S BBkt At v i S REE B
OISR o DRIHCAS ST LU A S JO, - RUAE i iy 32
SEINRENE LT SR R B A 5O AR, BT AR
WS BAAFAD ORI B e A 7 12, IR 2 ik
WHRARHES T, [ al DAVE AL P okt s S A= 7=
P T BRI S 55

2 MRS TS

21w RKFI SR

FE AT E R E R S AT BRA w4 AL, 2 Fl SR —
BV 45 73 T s BH Bk

LEIEFRBRE N (C1gH 1500, 4HJE 98%, BRVER{HAILRL
BA WA

MARS_XPRESS fifli# 2 ¥ (3£ | CEM /A Fl); FW177
T B 2R BRI COR HE T 8 R A 28 A IR |); UV-1750
SHNAT WA BT (H A S 325 A /] ); MASTER-M F
FEITCAOREEE T (R AR A PR D)
22 WIS HEE
22,1 FA AR S BRI AR F KRR

Tlisl A OISR A ks BE 45 T e 0, 4 U B8 ] A48
TlAE£0.1 CYEREIN o ZALER S8 A B ECA R, A
PR EEMENRENSH, W E RO, AL
55 o DIZAN SRR A ORI rPi 3 s . ALER ]
VA5 MO B [R) A0 048 2 L3 IS A SR I ] . ASBF
R T #HE IR I L s, [ 1 TR
10 min, " 3CHAR K AR IO )40 2 T IR TR e . 4
REUREE 80 °C, RBUNE 50 min, 1§ MR AEBULMH IR
25 °C EFH51 80 °CHriii f ]y 10 min, iK% 80 °Clriadr iy
1R 40 min, A 3HEREURE R 50 min,
222 BREHAEIEERT

FAPRF AR IO T R 1 AT, 43 B LA
HRRSa], BEBUREE . WOREE . B AR/ 4 SRR R R AR
HXF PRI Th SR I R S5 . I A W T B 2
ML E A

F 1 A MPHZERREER S ERIEE

Table 1 Single factor experimental design of extracting chlorogenic acid from Eucommia ulmoides leaves

K-
H%
1 2 3 4 5 6
PRI [B] /min 10 20 30 40 50 60
PEEGR BE/°C 40 50 60 70 80 90
R (mL: g) 8: 1 10: 1 15: 1 20: 1 25: 1 /
LTI b AREI %) 1 cm? 2 cm? / / /
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Table 2 Test factors and levels coding table

N

-
o X SR /min X SREUEREE/C X ok /(mL:g)
-1 30 80 10: 1
0 40 90 15: 1
1 50 100 20: 1

e FUKAYEE A 100 °C, FF LASRECE B % B e At 100 °C,

224 HREBAM T

SIRFRTE 327 nm MR SO, AT LAE 5 5h
ATLIREGEE TGN o MER PRI IS R bR E S 10.7 mg, LA
KELZE 100 mL, 15 107 pg/mL HILRIF TR bR UE S B o
A3 ) B R R R B1 0.25, 0.50, 0.75, 1.00, 1.25 mL &
2 ZE 10 mL. 754 2.665.5.350.8.025,10.700,13.375 pug/mL
I FR 91 G Ji R A ME T R o T 4 A AT DL 43 01 0l B 1A
327 nm WIEK TR, SRIES7 8, FREAFREE S 200
fi5, TRAEFE 327 nm (K R IURE B GEE, I B0y
RS R IR B, A AT

LR ERE R =C* N* V/W* 1000

o, C—— e 4R R BT Wk 2, pg/mL; N——FR BT 4K,
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3 ZER59%

30 RERENEERIR
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8: 1(mL: g)ff, FE— s [B) Y05 ] PN 4 SR R U2 1 2R Bt 5 4 T
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il 10 R 2T Gy R Ao AR I A, DR AR o R B ] ) 28 K
SRGR & i LSRG N JE A p R . B, B
40 min A EERRIATE

I g IR R 1S (me/g)
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LI E] /min

P BRI F] X 2 5T RR R H AR A5 (n=3)
Fig.1 Effect of extraction time on the yield of chlorogenic
acid(n=3)
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Fig.2 Effect of extraction temperature on the yield of chlorogenic
acid(n=3)
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Fig.3 Effect of liquid to material ratio on chlorogenic acid leaching
rate(n=3)
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8:1(mL:g), e $EHU H &% RV B, F 158 B o i A
it SRR IR 2, SEREE AR 4 R, e R
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Fig.4 Effect of leaf size on chlorogenic acid leaching rate(n=3)
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R FZARUCH IO > BEH ] > BHA . iAok
INRZEE/NT 1, SRR IR R AR /N, Ak PR
HEREEARE, R B R T4 FE R AR, B it
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Table 3 Extreme difference of each factor

W KAl 27.01 24.17 30.79 24.86
e/ IMA 6.83 12.12 2151 23.94
W 2210 20.17 12.04 9.27 0.92

3.2 MuREER R B4

J T SRR | FEIET ] RRE X 3 AN
KZEMAZHAEH, #4E Box-Behnken A5 1 .0 2H A
BT EEE, SR =B 2R =K B B R TR, R
PRI ] PRIUREE . ORI BAERL, AL XL X
X3 KFow, JELL 1L 00 -1 AR A B e Pk, B
SRR A WA Ry, e 1 SRR T AR 2.

DAGR AR T4 )53 % i A WA W AE 24 Design-Expert 8.0.6
ST AT o 7 TR S S0 B (3R 4)REA T [ ABLS 0 B S F)
[\ U9 5 B 0 Y=5.03+1.53X,+0.044X,—0.60X5+1.78X, Xo—
1.01X,X3=0.76X, X3 +2.65X,%+1.73%,2+0.92 X5,

& 5 rEa il s, R P {E#/IMP<0.0001), J7
EWBE, AR AT R T SR B ) PRIOREE . Ok
e XAk B IR R B R IR . e R SO HARAE 1k
SRR R, RIEA MR 2 BUEBDN, &KW
BRI AR R A DGR B 22, AR T 1 I, RUIEALAR
AR B 0 A S b it . AR A e s R B r7=0.9546,
r*aqi=0.9290, [RIJRERY i 3, RIS A9 R Z WK [l 1
WEHLREIZ FH AL At g R iR SR AL R e T . oy
T — YRI5l 1] 1 2R B o (B VT 0, 4% TR 0o R D R U
FEMA ) 2R O SR I [R]>YR0RE > 3R BGR B . R
Xiv XiXoo Xi2o Xo© FSEI R 52 (P<0.01), X, Xs FYRE IR 5
2 (P<0.05), B ILX ) B AE A sZ ARk 6 R, H
I A A BRI, T X X XoXso X2 A .35
(P>0.05)3% B H: X5 ) o7 {1 A9 52 0 SR £k 1k 56 2R, HL YR IS
T 2 R . AR R BT AR B A R SR I AR
FEECAF[E] 50 min, $EBOREN 86 °C, BHE K 12: 1(mL:
), BRI 3 13.2721 mg/g. A I Stk
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TSLBRI0E, SRS RIRIR % 13.2017 mg/g, 5

HURAZE T 0.53%, 411325 FR AT FH T 0 60 B 1 5 a4

it
%, p XUURTE OGHNGRE X W
\ N e - , . o /min /°C (mL: g) /(mg/g)
33 RMERMRERRESABEER YRS il
ST 5 -1 -1 0 9.2666
h T SRR o R R R FE 5 v L 0 22 T 6 ! ! 0 97979
SR, {HT] SPSS 22.0 BRAFXT 75 ANFEHAE S HEAT T SR I5 R 7 0 0 0 3.0392
W5 ] s B TR W48 bR 2 (] A A & 4347, Pearson WU 8 0 0 0 4.8702
Ko ah B B R A et R ECh 0.757, 2R E K 9 0 -1 -1 6.5538
(P<0.01), BLBASERRRME 5P BT Z BA —E M 10 0 0 0 4.9673
AHeE . B B AL M B 2 SR an e 5 s, HAe 11 0 1 -1 7.1605
P IS R DA AT B LR P ) 5 AR, WU 5 FRA 12 R 12 0 0 0 4.973
0.5737, PERIEAEE . KL, Kol E I PVE A+ 13 0 0 0 51032
I JES 2 o A 2 A P 1 2 W HE AR AR B L IR 3K, AEE 14 | | 0 13.0998
B UORT WAZ0 DL R R R A SO s FE A R AT AT, DAV 15 0 0 0 50914
i 5 ORI B T A B A R IR IR e o
16 -1 0 -1 6.0947
17 0 0 0 4.9832
x4 MEEARKESRRER 18 0 0 0 4.9734
Table 4 Response surface test scheme and results
= 19 0 0 0 4.981
;ﬁ X JRICETR] X BRBURE XoRRE L Wi SO {E 20 0 0 0 5.183
2 /min /°C (mL: g) /(mg/g) 21 0 | 1 9.5056
1 -1 1 0 5.467 22 1 0 -1 10.1392
23 0 -1 1 6.5331
2 1 0 1 7.2527
24 0 0 0 5.098
3 0 0 0 4.986
25 -1 0 1 7.2372
4 0 0 0 4.9762 26 0 0 0 5.1306

x5 RYUPRPEZMRBRER

Table S Model regression coefficient significance test and results

A SR F-J5 A A B ¥y FH PH B
A 112.3266 9 12.4807 37.3725 <0.0001 ok
X 18.6786 1 18.6786 55.9313 <0.0001 ok
X 0.0107 1 0.0107 0.0320 0.8603
Xs 2.0437 1 2.0437 6.1198 0.0250
Xi X 12.6078 1 12.6078 37.7530 <0.0001 o
XiXs 4.0582 1 4.0582 12.1519 0.0031 *
XoXs 1.2502 1 1.2502 3.7437 0.0709
X2 27.2045 1 27.2045 81.4614 <0.0001 ok
X, 11.5369 1 11.5369 34.5462 <0.0001 ok
X3 0.0000 1 0.0000 0.0000 0.9960
k2 5.3433 16 0.3340
S8 2.5011 2 1.2506 6.1601 0.0120 *
4l 2.8422 14 0.203011
BE 117.6699 25

’=0.9546  ’54=0.9290  r’=0.1490 CV=8.92%

e FRE R B, P<0.05; **Fm 2R, P<0.01,
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Fig.5 Correlation analysis between chlorogenic acid concentration
and soluble solids
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A IR R B R, T SRR 2 52 OB 112 14 32 2 n
g3 o PUCAEYORHBC T HIT, ARIR T 22 LASR IR by HERf E it
FERR, B0 RIS AR UK U BCEE S AR

AT LA i e 32 S R Y SRR 12 H RO
AR, KPR, WL ORISR A T
20, B PR R A ) 0 TR IR G AT S A A A 1 R BRI
B E] 50 min, HEBOREE S 86 °C, BHE W 12:1(mL:g), &
R TR 2 13.2721 mg/g, MAAF R G IR SL b i
HRoN 13.2017 mg/g, SHUNR H A28 0.53%. 7EFE
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