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Process Optimization and Antioxidant Analysis of Enzymatic
Preparation of Hemerocallis citrina Juice
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(1.School of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
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3.Tianjin Dongli District Agricultural and Rural Development Service Center, Tianjin 300300, China)

Abstract: The antioxidant activity of day lily juice before and after enzymatic digestion was investigated by the
optimization of the enzymatic digestion process using day lily as raw material. In this study, the enzymatic hydrolysis
experiments with different ratios of cellulase and pectinase were carried out, and the best enzymatic digestion process of
day lily juice was determined by response surface optimization using the juice yield of day lily as an index. The
polyphenols in the samples were analyzed qualitatively and quantitatively by high performance liquid chromatography-
triple quadrupole mass spectrometry, and the antioxidant activity of the samples in vitro was also evaluated. The optimal
enzymolysis conditions were obtained as follows: Enzymatic digestion temperature at 50 °C and time of 2 h, the total
enzyme addition of 0.4% per 100 g of day lily juice (1:1 ratio of day lily to water), and cellulase: pectinase=1:3 , and the
juice yield was 78.54%. The total phenol content increased by 1.3 times, the DPPH free radical scavenging rate increased
by 9.02%, and the ABTS" free radical scavenging rate increased by 6.15%. The correlation coefficient between total phenol
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and DPPH free radical scavenging capacity was 0.929, and the correlation coefficient between total phenol and ABTS" free

radical scavenging capacity was 0.968, indicating that the antioxidant capacity in vitro of day lily juice was closely related

to the change of total phenol content.

Key words: day lily; enzymatic hydrolysis; juicing; high performance liquid chromatography-mass spectrometry;

polyphenols; oxidation resistance
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P IILEN SR 0.4%, Xob BA— il il 751 FN 52 5 il ol 751) 3
AT e, ERITEF 4 R B 5 R B AN RS Lk (10,
S:1.3:1,1:1,1:3,5:1,0:1 w/w), HEWH M5
WEBINELA), SR 43BN Z5 S aT R (1. 2, 3. 4. 5 h)
B, TR BE TS 2 (E S 50 °C, BEIES IS &N 0.4%,
X BEAESE RIS PO 22 2SR BRI (30, 40,
50. 60. 70 °C)HF, FEfE s A [ E >k 2 h, BEAE N
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E (0, 0.1%. 0.2%. 0.3%. 0.4% . 0.5%, w/w)H}, [&]
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ZRFLI

1.2.3 W EGR SO e ST i A LA
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TGS, X 12 riidk, iR ER SRR 1.
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Table 1 Factors and levels of response surface test
K
SES i
-1 0 1
R T ] (h) A 1 2 3
PRI (°C) B 40 50 60
BRI (%) C 0.3 0.4 0.5

1.2.4 BEARTE BEAESETE S aksil 1.2.1 hayes
WA LG WO B AL T B 2 W A >R A Folin-
C 7k, HARKG A ES % Li 5504 iy 07k I1 s
sk, HETIFRIE 0.5000 g BB T8 THedr, i
BRI E A E 100 mL ML, 43 HIE 0.
0.4.0.6.0.8,1.0, 1.2, 1.4, 1.6 mL F 10 mL E.3&{
B, HOFEEZZE 10 mL, WS FRRAR I B0 N
0. 200. 300. 400, 500, 600, 700, 800 mg/L. HX
0.1 mL AN [F BE A bs it i v T 2L 2E L 65, MK
ZEKEZE 6 mL, INAREARIE AT 0.5 mL, ¥i&3%,
B 5 min JEHIA 20% Na,CO, IF ik, 78K ERKE
10 mL, ¥%57, BOGEE 2 h, 765 nm I SG(H, DL
a2, HIbrErh e, iR A i h: y=
0.001x+0.0219(R*=0.9992), ZE¥ B Fi% 0~800 mg/L
YR EEVE RPN, BT B SO B R AP &R

HY 0.1 mL FESAMECTHLIE LY (A5, R ZR TR
JKEZE 6 mL, I AFEMELF 0.5 mL, YR, #FE
5 min JGHIA 20% Na,CO &, 29K EZRZE 10 mL,
FE5), OGERE 2 h, LU ES A L, 240t
BETE 765 nm RN SGIE . AR IS 04 G EE AR
HEM L A J7 B2, THEAE AL T g 2 PR A, 205K
p/{I

w= NV 1000

o, w o BN AYFEEGE (mg/kg); C SRR
W A T EE (mg/L)s N SRR SIS R A
V REAEETT EAE (mL); m AT B R R (g)
1.2.5 BEAERTG AR IEAMNT R LIS ER 251
1.2.1 A2 B BT AT AR S s ety
FFEA TSRS RE HIRE , B R,
1.2.5.1 ABTS A HEIWEBRAEIME  FHH BEFs
B ABTS % W 2 W OGEE 24 0.70+0.02, HL 0.04 mL
FEMIMAZE] 4 mL ABTS &, #2561 10 min,

g FHAY O CRETHHE 734 nm A0 5 8 14 W G BE RS,
/N W I

ABTS" [ HIFEIE R E1(%) = [A)— (A, —A))] /A, x 100

K1, Ay S ABTS B TG REE; A, AT
AW SCIEE; A, R S5 BT R B G
1.2.5.2 DPPH H H FEIEBREEJII E  HL 0.1 mL
FEAL 5 3.9 mL 0.06 mmol/L DPPH ¥ #& it G [ W
30 min, ffFHSEICEETIHE 517 nm b e 7 98 A9
SEREEE, AN

DPPH H KR EE (%) = [A, — (A, — A))]/A, x 100

1, A, & DPPH R MR OGEE; Ay R &
AW CREAE; A, 5 BV R B G
1.2.6 AT 2RI FAESRTT 2 m iR E
771218 Rouphael 552¢ fr I RMEE M. 5 1.2.1
BB TR AT R TS, B g R T BT
20 mL 70% HEEH, pKOKIEE AT $2E 30 min, &0
(8000 t/min, 15 min, 4 °C), W L35, A FEDLHE
yhn A 20 mL 70% H B, vKK 188 75 2 B 30 min,
[T o SRl o O - R O Bl R B s D =
LIS ZA PR, FH 70% FREEZRZE 25 mL.
1.2.7 FEfERETE EAESETTH R Z 0T 2k s
PRSI AR B v S5 ol Sk Hh A 5 ) S R Sk
AT, B AR TR R T ST, BOR FH A A AE
T /) Z WA 0 AR HE D) BT AT B AT
1.2.6 BYFRBURE 0.22 wm B8R, 1) JH 52808 AR (i -
L DU BT IR A SO ity v % 22 1 1A ARSI, 2
P&+ A Agilent proshell 120 EC-C g (3 mm>100 mm,
2.7 pm) o Ky R WA A ShK+0.1% H R,
DA AH B Sy W EE . i s AH UE R P S : 0~1 min,
5%B; 1~5 min, 30%~40% B; 5~7 min, 40%~80% B;
7~10 min, 80% B; 10~10.10 min, 80%~30% B; 10.10~
18 min, 30% B; #ti# "~ 0.3 mL/min, #5808 25 °C, ¥
FEa 2 plo HEES 7 2O Ha i 55 HL 5 (Electrospray
Ionization, ESI), 1 &5 F 8, 40K I8 35 psi,
TS FHE N 10 L/min, THSIRE N 330 C, B4
BHLER S 3500 V, BIMEHL RSN 500 Vo, B MHEE il
SIAFRELE Z2 W Kl MRM A2 19 TR 58, . 14
BA IsFa] LA B i ph 2R iz )
1.2.8 [ pl e WAL T 2 i S5 DPPH A i 4k
HFREEST . ABTS" H HH 235 BR 8 J1 0AH G PE 48
JAGE o3 SPSS 21.0 Xt B AT R SE i
Pearson #F7 B AL T By & B M PpAR 2 ) iR 5
DPPH H i HL7EREAE 1. ABTS™ H LB R EE 1Yy
FHSEHESTHT o
1.3 B

TS 3 IR, ARER SIS AR ANOVA
HATGETHHT, P<0.05 255 bR, A Geit2#
HC, I LS HMEA R IR 22 RN S0 25 L .
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2.1 HERFERAEMIZERERRILNER
B AESEHT Bl e DU TR A e fa b, X He oy

WA [RI T2 22 i 5 AR AY LU | AT Ta] | A Ui
FEANBEOI BN XS TR0
2.1.1 AIEET4E R PS5 AR HEC LU TR ag 52

NI 1 A LU H BEAE 2T 4% 2R B E RS IS i o
PEB s b, AR5 e ETHE T BRRE R, £h4iR
Wit AR I A S I EE oA 321 B R v SRIR B e iy o
R AR B E R A IS 0 o FEE N, H R R EnY
JE A A] BERE A AR S oK e, FEDCHE AR
W RfE T AR R TR ST TR ), EAh, B AR
FPE BT IR S PIR, —LE iR SRR S R
JERCDTHE, Q2352 M Hh v SR A ] 1 [ ) 00 15 e
PER . DRI, 2T A2 A 321 52 Gl 5]
IR F A B SCR U T

80
a

75 1 e b

- d ES

<70 - ¢

il f

H g

=3

, 0 0 I

1:0 5:1 3;1 1;1 1:3 1:5 0:1
FETC L (21 4k 22 - AR
VN EES T (3 AR g T AP I by e St P

Fig.1 Effects of different ratio of cellulase and
pectinase on juice yield

1 R R R RN AATE B PE2E 7 (P<0.05), B 1~&] 4 [,

2.1.2 BEFREESTED T RA R K] 2 RTLIE H,
liEf 2 h 735 1 h A P25 55 (P<0.05) .
gt 2 h e, BERE I Ta] B3I, R e A8 e A e 3
(P>0.05) . JUAS Rl TR S L BT TR
HEREaF SR T R TR], 23 iR TR
AR LA RN KU S5, [N 285 Tl AR = Ak
AP, HHE 1. 2. 3 h TP AT AR

85 1
b
80 1 a b b 2
e e = —I—
£ 75 -
C
£ 70 1
= ’_I—‘
0 “ . : . :
1 2 3 4 5

HFTH] (h)

P2 BRI RIS 2R 15
Fig.2 Effect of enzymatic hydrolysis time on juice yield

2.1.3 BERREEXT T RAGRZ M AR 3 Al A, PR

TR BEAE 30~50 °C B AL H v FRBE IR i v i I
151, T 50 °C 225 H v 3R A WA T B T R 2490
FEW T 50 °C J&, W45 A2k, [Ea 290G
PEBEREIR, JCIR L HEER, S EUE TR R RERP
7 LR, SRR IELEE 2 40, 50, 60 °C B0
TR

85 1

LI

30 40 50 60 70
R (°C)

P 3 BEERARIRLRE XS AR

Fig.3 Effect of enzymatic hydrolysis temperature on juice yield

2.1.4 ERREILEERTI R s2Zm HIE 4 1510,
R BRGNS B e S S TR, RESINES
FA%T BEZH SN AL BHZH (1 HH R 227 B35 (P<
0.05) . MEFMIEIINEELE 0~0.3% i, WS T
T3 (P<0.05), HEFHBMLEE IR T 0.4% B, H
THRAREA . CYEGES ARSI ET, v RRE N
JRY O TR, BEIVEFIZRORAS 2, AR
H VT RN RS BN A3 22 T g, X DS 24 A9
BN, Al N AE SRR 2R, K, e
0.3%. 0.4%. 0.5% A7 Rz 1A 153 RS

85 1

a ab
b
~ 7 d <
¥ s |
H60-’_]—‘
[ I [

0‘.0 0‘.1 0j2 0i3 0i4 0t5
FE A I (%)
(&4 BEEASIIG XS 3R
Fig.4 Effect of total enzyme addition on juice yield

2.2 RIERTIEMSN R IMEMHEE

DIBA R 2R S g 2 SR ARG, M BR4T 4E R il 521
JEET LA (3 1) SRy [ R 22, B AT Tl (A | AR
B (B) .| BEAESINEE (C) N A AR S, LLH TR ny,
{8, il id Design Expert 12.0.3 XM4LIR Z 34T Box-
Benhnken i 40Pt 158158 2 ma 7 LIRS0 Z5 2R

if i3 Design-Expert-V8.0.6.1 % A2k 147 i N Ta]
ST, 452 [BENFHLA T R

Y (%)=+78.60+0.97A—0.55B+0.061C+0.17AB+
0.36AC—0.10BC—2.41A*—1.50B>—1.25C?
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Table 2 Box-Behnken experiment design results

L o322

S A B c Y
1 -1 -1 0 74.41
2 1 -1 0 75.93
3 -1 1 0 73.11
4 1 1 0 75.32
5 -1 0 0 74.32
6 1 0 -1 75.62
7 -1 0 1 73.53
8 1 0 1 76.27
9 0 -1 -1 76.22
10 0 1 -1 75.16
11 0 -1 1 76.74
12 0 1 1 75.27
13 0 0 0 78.71
14 0 0 0 78.71
15 0 0 0 78.43
16 0 0 0 78.71
17 0 0 0 78.43

3 AL e R )A B EA T O 255007, s 3 AT,
SRR P<0.0001, HAT B M. SCEGARAL g e
EFRE RP=0.9959, UERHiZ ICIG 451 T &g, T J UL
1 P=0.2707>0.05, 1568 R $UL 001 25 57 AN w3, bR
XS BGAL A R AT-, BENE T I W I8 SR IE . o
Bt EsE IE] A B8 — YR IR 30, B IRLEE B —IK
THURN R IO B AR H T3R5 A5 B il 35520 (P<0.01),
i F TR0 RT P A UGB | TR A B R B 1 A8 I B i
(] PR A B AR X B AL S V3R A 52 AN 25 (P>0.05),
JegeiteE2e 5 I AR IR 2 BRAS S e PR 23 v
RIFLIUT R A>B>C, FF LA 85 AESEIE I B8

SN R 1Y) R 3 2 J e Ee 1], R 2 A IR

3 AR 2200

Table 3 Variance analysis of regression equation

Ty 2 HU EA BHE ¥r Pl Pl

s 55.45 9 6.16 18893  <0.0001

A- TR i) 7.55 1 755 23144 <0.0001

B-fitfifkifi 2.46 1 246 7557  <0.0001

C-REAYAR I G i 0.03 1 0.03 0.92 0.3693

AB 0.12 1 0.12 3.65 0.0977

AC 0.52 1 0.52 159 0.0053

BC 0.042 1 0.042  1.29 0.2936

A? 24.43 1 2443 74936 <0.0001

B’ 9.43 1 9.43  289.18  <0.0001

c 6.62 1 6.62  203.05 <0.0001
3% 0.23 7 0.033

BT 0.13 3 0.045 1.9 0.2707
iR 0.094 4 0.024

syl 55.67 16

] A e N7 TN AR A4 Design-Expert-V8.0.6.1 AbFH,
15 BB AT 1E] | IR . BRI B3 BRI
e 7 T ] CAn T 5~I&1 7) o RS B [ R0 i () s
A& HAE XA e T35 ) i 25 (P<0.05), BT
i e R AR IRLRE 28 B AR X SAESE Vs i As

B35 (P>0.05) o HRHEAS 2 (14 i 17 T A T Aiff S Tl A 2
AR AL T 20 R TfRIREE R 48.25 °C, Mifgf it [a]
2.20 h, BEAIESHILESE A 0.41%, TN A 4~ #AESE
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