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BE., AT TE (Hot air drying, AD) EZ T4 (Vacuum microwave drying, VMD) \E 251315k
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Effect of different drying methods on the polyphenols and antioxidant ac-
tivities of burdock roots slices
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Abstract: Effects of five drying methods including hot air drying (AD) , vacuum microwave drying (VMD) , vacuum
freeze drying (VFD), hot air combined vacuum microwave drying (AD&VMD) and freezing combined vacuum microwave
drying (VFD&VMD) on drying time, energy consumption, polyphenols content, phenolic compounds and antioxidant activ-
ities of burdock roots slices were analyzed. The results showed that VFD and AD dried products had the longer drying time
and the higher energy consumption. The combination drying methods were more benefit for caffeoylquinic acid retention
compared with the unity drying methods. Specially, VFD&VMD dried products had the highest content of 5-caffeoylquinic
acid and chlorogenic acid, VFD dried products had the highest content of dicaffeoylquinic acid. For antioxidant activities,
VFD dried products exhibited the strongest DPPH™ " and ABTS™" scavenging ability, reducing power, followed by
VFD&VMD,AD,VMD and AD&VMD.
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250, X — BB B U O Bl AR S5
FRUME I 3 FEAR . X AR S5 AR PEAT T4 AL HL, ] LA
AT A B ] B AR 38 A B A 6 I K ™
AP (AR S5 AR P R U E 2 I e e &
Yl Ty 1 B A BT e i S0 R IR i I ARG A
TR MPUAMRE T, AN A RRY, T
i AR Z A BT A A RE IR 2, R AT
A5V e UL TR R AT I IS 7 A e D s T 2
A By RO, AT 5 B AL R )
BEAR . BREREFSE 0] T 0y U 3 R 4 21
B2 o e FLBT AR R BRI | A5 R R ] s
URE AR BHURE i 3 28 W B R A, PUR AL RE T iR
5 o AR R P P T A e B A R A A T L
Z W 2 Wy Il A8 or i, AT B2 e HG BT AR AL TS
MDY BRE TRRE 2 Rl 2 AR LA TR TR
DA HS i sl 156 0 7 AL A, AR A () B K B B sk
PR TR T 20, DLt S B s ST R R, 7
e i S F R A T T SO MR 2 i
PUAALRE T YR O BIFTE 18 A 22 AL

ABFFER A1 2 1 H S O
AR AP LS T T AR LS Y RIS LS Tl
Pt 5 AP0y O A= 35 AT, A A R
T AR A4 25 1 (0 22 By 4 S B AL RE T 1Y
225, BAEBRITIRG I8 5 50 42 25 Fr 1) 22 1 2H A
LATAACRE T BRI | O A 32 2545 T R A TR (i 2
WIS

1 ARSIk

1.1 #RS5RF

A AR 2 (SRR R0 B LA 3% ) I T AR T
A-FERPRE I, AR T 4 C VKRR & el £
Na,CO, .NaOH NaNO, . A1(NO,), Al % & TR,
W FAb 5 b 243570 28 75 Folin B a5 4 T Sigma-
Aldrich B8 5 A AT,
1.2 (U FE5EE

$05 101A-2 7Y PGS XU 0 AR (TR AR o
ARBP2EAL AT BRA R A7), VMD-1 BB 25 B 1
PR E (B R DAL A ) ,FD-1A-50 ¥k
THRAL (b5t B R S A SR A R A A A7),
MP2002 HLF R (b 15 T E B 22 U A BR A
A7), TU-1810 54N AT WA 66 BE 1 (b 5 3 Ay
AR BRI A A A7), TG16-WS & 2 3

ELOHL(R VI DAL AT BRA A AE 7)) | Agi-
lent 1100HPLC/MS( SL) BX FHAY ( SEH Agilent 2\ 7
7)), DW-861.828 B IR I PR A7 46 (75 B 5 /K M
PABRAF ) .
1.3 Ak
1.3.1 FBFX AT (Hot air drying, AD) .
P IRALFR IS 09 2825 R T F RS KT R AR 70 C
THR KSR 5% LT s BT (Vacuum
microwave drying, VMD) ¥ FiALFE 5 B9 432 A it A
B TR 8 W/ g TR E K& HN 5%
PIF s B2 VR T8 ( Vacuum freeze drying, VFD) .
PP BRE 92F35 7 il A L5 VR VR TR 08 v (48
& 20 Pa JN#ARIREE 25 °C R BFHEE-58 C) T4
FIK I T 5% LT 5 $RORUBC A B2 B T HR
(Hot air & vacuum microwave drying, AD&VMD) :
PR BRR B9 435 7 A BB JRA (70 C)
T 30 min J5 LA RGN TR (8 W/g) K& HA
5%VI T, HAE RIS B A WO T (Vacuum
freeze&vacuum microwave drying, VFD&VMD) BT
AR PRIS R AR 55 i A R TR K & i/ 60%
FLAS T T 1R (8 W/g) BRI TA 5% LT,
132 KaaFaE KA GB 5009.3-2010 & &
R 3 I E 7

FHA KA = (M,~Ms)/Ms

.M, Rk ¢ B 20060 Y BT 5 Ms < 48 TR
it
1.3.3  feseFale TR AT IHAERY BE I fE
FERFTR , Hoh T4 o A vp BASL I [1) By T4 6 119 BE =

FHIZRRFDMGE .

GEE % = TP e (KW - h)

TR R R R KA (ke)

1.3.4 %@agn g L& 5K H Folin-Ciocalteus
(FC)BEMED, HEFIFREL 1 g FEAN N 20 ml 30% £
fit R 240 W40 °C .30 min FHEHR, il 154 3%
ARG, A5 4R U 1 ml, 28K AN FEE 6
ml, ARG BE 1 A5 1) Folin-Biialil 1 ml, 7853585 J5
#E 3~4 min, BN 3 ml 7. 5% BRIRENIAIR
ZRFURH 10 ml F251E T 25 CHHIEK A Tk
N1 h, LAZERIK A 258 O IR, F 765 nm 2500 T
B GRE B i DA 2 B TR s R

B F R b o il £ BE ik B2 R 2 pg/ml 4
pe/ml 6 pg/ml 8 we/mlfll 10 pe/ml B & F R 7
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1.3.5 2,2-diphenyl-2-picryl-hydrazyl (DPPH) # &
Ae Ayl SR GG B AT AR S I i | SRR
ANTRIH L 9 4= 55 oML A 100 wl A 100 pl 0.2
mmol/L DPPH ¥, 1R 5 J5 T2 i T k6 [ 30
min J5& , % HAE 517 nm AR GCIE, LLJEK 2
fifzs F, A 100wl JE7K LB DPPH #5950
W A— RIS IO i B AR B, AR 55 S IR
Tk DPPH H HIHERE I 1C,, Fem | RIS 4 i B 3%
(1) I3 50% HZBAI AL

EERE(D) = (A,-A,)/A;x100%

FO IO BRAR 5 A AN IR BRI R R OGAE L A,
ARG BWOGIE . FHTIR MAR 2 & R bt
S ALRE 1 ( Ascorbic acid equivalent antioxidant capac-
ity, AEAC) ,

AEAC (mg/g)=V . IC,,(mg/ml) /RS IC,,
(mg/ml) x10°
1.3.6 4k & T & JR 48 /1 (Ferric reducing ability of
power, FRAP) 9 2 HER R 50 wl 1435 FH
PEW, A 150 pl = AERE =W B2 (tripyridyl-triazine
TPTZ) TAEW (1 0.3 mol/L pH 3. 6 LR 2% mhiik
25 ml, 10 mmol/L TPTZ ¥E ¥ 2.5 ml, 20 mmol/L
FeCLEW 2.5 ml ZH4%) ,IR>IJ5 37 C K 10 min,
DLW O 25 1, I 5E TR 5 WTE 593 nm AL Y IO
"V b e R W BB W E N 20 mg/ml | 40
mg/ml 60 mg/ml 80 mg/ml 100 mg/ml 120 mg/ml
140 mg/mlFl 160 mg/mli V FrifEF I, 535 B 50
pl 5 150 wl TPTZ TAEWAEAR R S5 O,
IS HIER

FRAP (mg/g) = FF iy W G AR XS I A9V, MR B
( mg/ml)/ﬁﬁtﬁﬁtﬂﬂ‘ﬂg%ﬁﬁ( mg/ml) x 10°
1.3.7 2, 20-azinobis-( 3-ethylbenzothiazoline ) -6-sul-
fonic acid (ABTS) B wAFRE A ME B ABTS
BT 20.00 mmol/L . pH 4 4.5 BYRAR 2% ol 45
#]7.00 mmol/L ¥J ABTS It , L 5 ml ABTS 55 5 ml
2. 45 mmol/ Lid MR F IR &, 7E 2l (20 °C) s/
B 12~16 h, FIZHi# R 55 4%, [ RAE 734 nm W%
JEEAE 0.700+0. 002, LA A3 5] ABTS I3, i% TAE
RRCHLH . B 20 pl i +180 pl ABTS TAEH,
FRBEEIN 60 min, DAZERAK N2 HXTH, A H

FLEBREE 1 Trolox 25 P 4A AL BE 11 /R, HAA .
mg/g,
1.3.8 ‘AL M &M @M Zorbax SB-C18 J
AT (4.6 mmx250.0 mm,5 wm) , DAD 5l £§
(R R 280 nm) , #E3 35 C, LA 0.1% 4R
(KRS A, & 0.1% L TR IS R sh#H B,
PEREE 20 wl, SR A 0.5 ml/min, % 88 40 °F 44
JEVER: 0~ 5.0 min 9%~ 15% B, 5.1~ 10.0 min
15%~20% B,10.1~15.0 min 20% ~25% B,15.1~
18.0 min 25% ~30% B, 18.1~20.0 min 30% ~ 32%
B,20.1~25.0 min 32%~9% B,
1.3.9 F#ESH &4 RIS 7SI, 595
JEEIN100~1 000 m/z, THESAK 10 L/min, THS
IR BE 350 °C; F ALK 30 Psi, B4 ALK 3.0
kV,
1310 4+ F$Mmunr R Tossk @itk
B — AR 0 S5 e [i) Py G TR PR P R TR] S DA
F RV (6 150 ) EST-MS Ji % EURFAE I 15— A A
X4 i A BN O i e A T A5 M A AT . X T
FRFE B AL 43, % B B e 1) A — St b A T, B
HMRIEAR Y [R1 05 5 RE X i 22 45 4 O B A T
AT, ICTE N S 3] S-mmEBEZE TR A 1, 3-
A Pt 2 T R s 1 i, %o JHE S 5 B 5 25 AR G [+ 43
SRR, S-MRE e 4s T R R FH 4 SR R b o h 4 i
1,3-MNMEREZS TR K H 3, 5- - InmERE 25 5 BAn v ih
LEHR,
14 Zitoth

PR RIS 8 bR 1Y 25 5ok F SAS SRtk h
ANOVA 75 243 #r, H1 Tukey 437 B8 2% 5 1) i 3%
P, 583 K P<0.05, i ] SPSS20.0 ( SPSS Inc.,
Chicago , IL) YEAHOGPE 43T, P<0. 05 KR 18 3 25 5%
P<0.01 RoR B E 2R

2 GRS

2.1 AEFEAXIGESE T g E R R0

R 1 7] 0L, VFD Tl Fe S, o 16. 30 h, #E
REf AR, BT 1 kg /K, F5ZEIHFE 102. 80 KW « hHL
fit, VMD TR R &0, 0 0.48 h, BEFERI /N, 2
FRIE A T4 7 =X T 75 B (0058 v, #ERE IS o, Horp
AD&VMD 5 1 — AD T M A0 L, T 8 iif 8] 45 8
90. 0% , #E AE P& % 80. 1%, VFD&VMD 5 BA— VFD
THEAA L, TRt R 4606 53. 9% , FERER#IK 57. 9%,
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R1 TRTFEFXXEZ R TR ERREFEELMm
Table 1 Effect of drying methods on the drying time, drying ener-

gy consumption of burdock root slices

VI PRI (h) AEFER [ (KW - h)/kg]
AD 8.30=0.35b 84.40+0.58b
VMD 0.48+0.03e 10.30+0.32¢
VFD 16.30+0.50a 102.80+0.80a
AD&VMD 0.83+0.09d 16.80+0.60d
VFD&VMD 7.52+0.18¢ 43.28+0.90c

AD KT W VMD < FL2S T T4 VED - 2S5 B VR T4 ; AD&VMD
ARG B E02 B0 T 5 VED&VMD ; 025 1 VRIBE & 1025 O T4t
7 — B8 5 A RN G R 5 22 7 1 (P<0.05) .
22 AEFEARNGEFR SHEIEHZM

ME 1 R LA ARy O 4R 3 B
S R R TR TR AR S AR
4 VED>VFD&VMD > VMD>AD&VMD>AD, 5 VFD
FESRAR L, AD  VMD AD&VMD T4 J5 7 i v s iy
a0 T 30.13% . 23.23% ., 26.33%, i
VED&VMD T4 )5 7 it b Sy 75 2 5 VFD i 3%
25, IR VFD 54T , AAREN Z A5
S, HAEARR T T4, R 25 4 o {2 B8 4%
4717 VFD&VMD 4R VED 8 T 18 254
JAR R, 5 A VMD T8 45 5 T g g a) ) PRI ot S 8
23 HERSEHMEHENETE

&l 2 iy HPLC-DAD 43 M 45 2 (1) 4 3% [ rh Z2
LN, B A oy R (— ) LA SRR 25 R B
(G ) Xf o 4 > e TS I Hox &R

TR S 3, 5- - WMMEMEZS 77 R b o i 08 B3 BF (8], 375 %
ELERINFE 2 Fis,

20 .
}2: I ab
o l4F b he
\E/ 12+ c
o 10f
b1 81
5/ 6r
W 4r
M
0" AD VMD VFD AD&VMD VFD&VMD
T
AD KT J; VMD . B %8 i+ 4 VD, B 28 % R T 0%

AD&VMD : H KUK & ELZE 0 T4 VED&VMD L2518 TREK S
P, AR/NSFRFIRE R B,

B 1 AETRAEZNGERZHEIENZMN

Fig.1 Effect of drying methods on the polyphenolic content of

dried burdock root slices

IEHH (mAU)

1Al (min)

B2 4% ZE HPLC B (#&N5K K 280 nm)
Fig.2 HPLC chromatograms of burdock root polyphenols (280

nm)
xR2 SERSHANEE
Table 2 Identification of burdock root polyphenols
PR B s ] AR 43 o £ R BT W kg e ,
I = iy
Y (min) [M-H]-MS (m/z) [ M-H]-MS-MS (m/z) (nm) FEZ MR
1 10.970 353 191,179 240,300,328 S-ERE 4 TR
2 13.217 353 191,179,173,135 240,300,328 ESIA
3 16.031 515 353,191,179,135 240,300,330 1,3-ZWmHERLZS T iR
4 23.021 515 353,191,179,161,135 240,300,330 3, 5- Nk mEZE TR

W 2 TR BT m/z S 191 B4 TR 192 78 Fii
AR EM R E D EE TS, R BT m/z
M 179 2 FMMERR 7R B AR SR R R LA
B BT m/z 353=192+180-18-1,
3BTRS Clifford 251 3538 (1 3-0 ik Bt 25

PR B -1 v — 25, R g 2 o 3-mimmEp 25 TR
RV SR, - 2ok Xof BERR o O B IsF D B i
YR ER IR

W1 R AT m/z 191, A TR 192 7E
Faik A TR R T — O 1 IS T
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R, AT LK W 1 oA S DR I o S A A, H X
Niranjan 45" B BF 75 45 50 B g 06 1 o0 S-nin i i 25
TR BN HT AR

W 3 0 4 AT kR 2R T R 1 G RRAE O
Hlg 4 Z R S R HE 1B FIE [ M-H -1 m/z
N SIS, BT [ M-CoH O, ] = ([ M-H-162 ( Wil HE
) 1- )8 m/z 9 353 (MIMERBEAE TR ) , B 1 AT
[ M-H-2C,H 0, ]-1 m/z 2 191, 38 iz % FEAR I i
BRISHIA] B E %A Sl 3, 5- T nnEBE S TR, 1%
3 M 4 1) IR AR BARL, JE m/z S 353 B
WEPEZs 77 R B 10 2R i o g (A R 0 — 2B T K
m/z 191 Fl 179 B FFAE B+ 08 R, X SCER[ 10 ]
[ ] AT w3 0 1, 3- eSS TR .
24 AEFHEARNGEZR SEHEHAS WM

M 3 Hal LUE AN [A] For XA 8 1 435 A

R3 ARTFEAXMGZRSHBIASTSENTM

ZWHY A A — B RS A i 22 5
VED&VMD 42 A5 4 it i 5-mhniE 2 77 1 i g J5L 1R
SRR, A3 219.9 weg/g.3 578.4 ng/g, Hi 4k
JRRR & VED TR 1,17 1%, AT WEE S a3 %
5 L5 (OB T 09 T R T e O 2 T R O DR B
X BRI BELAS VR TR AR T 1 254 B I
BT Bk FH L2 I T i 25 4 T TR
], By i B S IR R . VED TR 3%
WL, 3- W MEBEZE TR R 3, 5- MIHEmEZE TR
0 e T AR Oy 2 o 3 5- R 2 7
R TEY 2. 08 fi5, X5 Jeng %5 BT
285 SRORHARL, BRIXSU e g 56 2 < R L b v R s 4
TR AT R Fi A AEARIR S N AR T e iR
FAFT 5 Stk

TS

5
~N

4

>

Table 3 Effect of drying methods on the polyphenol content of dried burdock root slices

ZWA

AR VEN

AD VMD

VFD AD&VMD VFD&VMD

5-MIEREZE TR (ne/s)
2RRIR (pe/g)

1 3-ZmmERELE TR (ng/g)
3 5-ZUMMEREZE TR (ne/s)

2 629.6+95.0c
2 160.7+18.8d
1 073.4+13.8b

826.1+33.1b

2 535.5£34.0c

2 157.8+£21.5d
662.1+36.6¢
898.9+337.5b

2 075.6+46.6d 2 926.7+44.6b 3219.9£152.0a

3 047.6+£54.0b 2 785.1+80.5¢ 3 578.4+£359.9a

1 376.2+59.2a 1 008.9+38.0b 1 148.1+204.3 b

1719.5+£84.2a 1 044.5+52.1b 1 594.8+8.2a

AD XA VMD : FLZS RO 48 5 VFD s BV VR0 5 AD&VMD : SAKUBC & B2 (0 T VED&VMID s BUS Ve VRER A B2 Tl 08 . [l —A7

i 5 AR NE FRE IR 22 53 .35 (P<0.05)

25 ARFEARNGEZFRTENENHZ N

MR 4 AT, O A T O A B A 3%
DPPH" " JEFRAE 1 \Fe’ IR JRRE 11 S ABTS " i BRAE
NAEREES ., BB URT B 435 gk DP-
PH" [ IC,, fH &Mk, & 0.76 mg/ml, AD VMD,
VFD ,AD&VMD , VFD&VMD T 4= 3% F % Bk DP-
PH"" H HEMPUEAARE T 058 5. 91 mg/g,dw,
6.53 mg/g,dw, 10. 04 mg/g,dw, 6.46 mg/g,dw,
8.26 mg/g,dw, Bk & Ji g J1 HK K N. VFD>
VFD&VMD>VMD>AD&VMD>AD, Hith B2 ¥ % T
PR AR U Bad IR RE T iR N 9. 62 mg/g, dw, A&
AD TR 1.37 £, EZ W R TR 35 R i R
ABTS" " H HH3ERE J) ek, 4 36. 45 mg/g, dw, HL%5
Y URIDR A L 23 Wi T L S KT R 1Y 1. 75
o

DL EBFRAKE R IR, B 4807 b VED Jirfs

R85 g A TR RE 1 35 e, X LA TR AR AE T
Z WY KB, VED AT BU P 5 2 7 1R
FHEERTHM TR A XER 1,3-2l
MEmEZE TR AN 3, 5- mmERE 2 T IRX 2 MR AR
THER Al a2 By S T L T RE B, &
BOBU LR 8 5 VFD&VMD T4 4
55 PTAEARE T DOR T VED TR 55 1F  (E7E T4
R Ta] A BERE T M HAT 2 & LS
26 ARATRAXTHEESRESHMASERALEE
Nz B XSS

AR 0T G425 b Z B4 S5
PEBE T AT RGN b, 4521 (36 5) 36 W1, 3,5- il
MEMEZS TR & & 5Bk DPPH™ [ HhSERE )y ik
JERE J1 BT B ABTS™ [ i JE E 7 44 1 I 35 A ¢
P IR S 3, 5- R P 4 R R b
7 A DT AL RE T BGR | B SR (A
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Table 4 Effect of drying methods on the antioxidant activity of burdock root slices

(R ITEN
AD VMD VFD AD&VMD VFD&VMD
DPPH* " IC5y( mg/ml) 1.30+0.06a 1.17+0.01b 0.76+0.01c 1.19+0.01b 0.93+0.01c
DPPH* " (mg/g, dw) 5.91+0.28d 6.53+0.03¢ 10.04+0.10a 6.46+0.04¢ 8.26+0.05b
FRAP (mg/g, dw) 7.03+0.14d 7.70£0.19¢ 9.62+0.12a 7.29+0.16¢d 8.98+0.58b
ABTS*" (mg/g, dw) 19.32+0.84e 24.91+0.66¢ 36.45+0.75a 22.17£1.59d 33.88+0.90b

AD AT VMD s 25 S0 T4 VD . HZS R R T AD&VMD - XU & LA S T4 s VED&VMD ;. BL2S W VR G A5 T T4 TRl —47
B e AR R/ING TR 25 57 3 (P<0.05) ,

£S5 TRFEAXNTEZRSBEASSRAMMMEXYE

Table 5 Correlation analysis on evaluation indicators of burdock slices polyphenol components by different drying methods

X X, x3 N x5 Xg Xy xg
X 1.000
Xy 0.374 1.000
X3 -0.223 0.624 1.000
i -0.108 0.875 0.755 1.000
Xs 0.305 -0.748 -0.673 -0.970 ™ 1.000
X6 -0.397 0.693 0.730 0.954 " -0.992 " 1.000
X7 -0.275 0.741 0.640 0.963 ™ -0.991 " 0.978 ™ 1.000
Xg -0.194 0.779 0.592 0.964 ™ -0.983 0.958 " 0.995 1.000
xy ~xg SRR S-S TR A i AR A A 1, 3- R 4 T RR A3, 5- kR 42 TR & A DPPH " IC5, \DPPH'" AEAC, FRAP

AEAC ABTS** TEAC, * /& ME; ** Rt &M,

3 45

ANF T S A 32 R R R RFE e
A, H 22 5% 8 3%, KA VED > AD > VED&VMD >
AD&VMD>VMD, F|H C30-HPLC-DAD-MS/MS 4
Mror i3 435 Forh 4 FhoineEiR o 15 £ 9, B
S-MIHEZS TR SRIRER 1, 3- kB S TR A 3, 5-
MRS TR, AH L TR — TR O S B TR
AR TR MR R E TR R, Hrh
VED&VMD 4 i 455 v S5-I 2 77 R il )t
PR O A e, VED TR A4S 2R 3% v 1, 3- i
Z5 TR 3,5-OMME T 25 7R 1 A e ; VFD T
JAS4R35 R B DPPH' " (ABTS™ FIEKIA i fig /)
¥R, VED&VMD -8 15 4= 5% Fr fit A AL g 11X
T VED T BT 1546, B 3% & T AD, VMD,
AD&VMD T iS4
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