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Effects of drying process on the antioxidant and antibacterial properties

and volatile flavor components of Chuzhou Chrysanthemum
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Abstract: Influences of vacuum freeze drying, heat pump drying and
hot air drying on the antioxidant and antibacterial properties, volatile
flavor components and sensory properties of Chuzhou Chrysanthe-
mum was studied using fresh Chuzhou Chrysanthemum as a raw ma-
terial. The results indicated that Chuzhou Chrysanthemum with vac-
uum freeze drying (T;) exhibited the strongest scavenging activity of
free radical, inhibition effect of lipid peroxidation and antibacterial
activity against two foodborne pathogenic bacteria (Staphylococcus
aureus and Escherichia coli) , and has the best sensory qualities. The

biological activities and sensory scores of each sample decreased in
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the order of T; (vacuum freeze drying) >> T, (heat pump drying) >
T; Chot air drying). The volatile flavor components of Chuzhou
Chrysanthemum dried by three drying methods were analyzed by gas
chromatography-mass spectrometry ( GC-MS) with solid-phase
micro-extraction (SPME). A total of 71, 88 and 56 volatile flavor
components were detected in Ty, T, and T3, respectively. Among
them, Terpenes were main flavor compounds, the content of which
was exceeded by more than 45%. Therefore, vacuum freeze drying
was the best dehydration process of Chuzhou Chrysanthemum.

Keywords: Chuzhou Chrysanthemum; vacuum freeze drying; heat pump

drying; hot air drying; antioxidant; antibacterial; volatile flavor
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(3) BT W T2 (T B P4l — J2 R 38 10 ) T 8%
KT EEAE T SRS HE 60 C A TR FE S TR 2= Sk RN
10 %6 22 A5 B 45 11 F 48, 2% AR A7 4 B e s T et ]
1.3.2 WREKIEYHIE PRI 100 g THR 58 . Horbk Lt A
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WO I s e g Ve R T RS BN IR 35 K 4R .
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(1) DPPH A i 3LHF1 ABTS Aty 5L B AE 1 : 2 18 Zhan
SEUV B E TR . AT 3 R R O 2RI 48 K B AE R =
43514 1.0,2.0,3.0,4.0,5.0,6.0 mg/mL B X5 B P 5 3% 00
THRRAE ST AR LA Ve MBS I (n=23)

(2) fgBuid A AL %68 1 - 2 3 2 8 And 555 R R
Bl ST I SE T . A 3 R R T A IR A K B A S
$11.0,2.0,3.0,4.0,5.0,6.0 mg/mL X} IV il #& K% 61 #% fig &
R aE Iy, W B DL BHT S5 BHPEX R (n=3) ,

L34 WIS HENE 2% Edzd 5009 7 5 002 iR K0
B (MIC) K e A% A8 B W B (MBC) . 4% 1% 28 7K $2 91
Muller-Hinton broth(MHB) ¥ 14 15 3% 3£ 98 35 4 A [\ ¥ & 6
BE. B95 pL HERVEWR S 5 pL WK (10° CFU/mL) 7E 96 4
AR FRS) BT 37 CHERA T 9% 24 h, MIC 245584
0740 0 T ) A BT R ) e TR B B AL B R
WG A1 7F Muller-Hinton agar(MHA) R & 3% 75 2L 5F W |, F
37 CHEFR 24 h, ¥ TO T AR K M B /NRE b MR BE Ul MIBC,
1.3.5 ¥ERMEREKY B E  WOFREE 4 ¢ T 100 mL BEAF
LB AR R TE 60 COF i 10 min, PR FE K (75 pm
CAR/PDMS) & T ik 4§ 1 J5 W B 30 min., 57 BRI 4 A S AH &
i — i 7% B¢ A Y (gas chromatography-mass spectrometer,
GC-MS) -, f BT B ] 2 min,

{38 441 . HP-5 B HE (30 mX 250 pm,0.25 pm) ; ¥k
FEE SR A 3 O 8 2 IR B2 250 °Cs 2R (He) 3 i
1.2 mL/min; F+ ¥ 2 )7 & 46 40 C, & £F 3 min, D)
3 °C/min F} 3] 160 C, {4 £f 2 min, K J5 L 8 C/min J} &
220 °C Jf#+% 3 min,

B &F B T EL 8 0 RE 250 °C, 8 TR E
230 C, AR FFIREE 150 °C, HLFRgs 70 eV, 5 i 45 i v [
(m/z)40~450 amu,

R A XR AL & 9 43 < 8 53 85 W0 i AL & W 10 B3 A4
5T SRR AR v 15 L AT X O3 i Y A 2R
SR R g T AR U — VA T IR 9 R 14 A X T
1.3.6 EEIFE L 2 GB/T 19692—2008 I ¥ KU A%
SEUN B 7 R AN TR O 20 1R 4 T A6 B v i S 0 4 Ak
TTRCE I BARTE bR DL 3R 1,

1.3.7 FEg M B A EE Rl Microsoft Excel 2010
HEATHE AT AL 3R, ] SAS 9.2 #47 ANOVA 43871, A [l °F- 34 {H
2 8 F] F LSD(Least-Significant Difference) & i 17 22 5 i 2
PEAG B (XESDV.n=3),
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Table 1 Standards for sensory assessment of Chuju quality of ginger powder
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Figure 1 Effect on free radicals clearance of Chuju as treated by different drying methods
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Figure 2 Effect on the inhibition of lipid peroxidation of Chuju as treated by different drying methods
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Table 2 Effect on the antibacteriall activity of Chuju as
treated by different drying methods mg/mL
oy SRR RN PN 7R
T X
MIC MBC MIC MBC
T 40 60 35 60
T, 45 60 40 60
T; 45 60 40 60

2 FhEORE IR AR R B 3 a8 . LB S T T . MIC fH Y
H 45 (e O A KRED 40 CRIAIT FD meg/mL;{H 3 FAR [
FHR 05 SR W 45 K R X 2 B R B A A ] B MBC
(60 mg/mL) . LAk, AN [ b 34 20 Xof 45 B €6 4 25 Bk 1A 1 1
MIC $5 T HJ FF B » 2 W3 5 7K £ 400 % K A T 114 2% T A
FRCREE 31X 3 2R Ny 4 20 00 4 BR RO 9 22 IR
P TR CH 2 R o 24 R R G PR A ) A R i DR

AL R & R A LR B 2K 2R IR AL
JAT s R B R Bl TR P N B R A AR
AU A3 Ve VR TR BE A8 A5 A b AR B W 2 P R 4L 48
D9 e i 7 A 20 1 16 4 LA S ) 0 R OR .
2.3 IHERMERER B0

H1 e 3 LTS T 4 b LA I B 121 i S Uk
Yoo AL A 31 FhAR 2 48 Blmh i 28 .10 FPER S 6 FPEE SR .9
FHEEE 5 FREHR 4 Rl AL .3 PR 3 FhIRE RN

FE QIR BETER B WS R ALY . T T ST 4 rb 43 3 A6
F| 71,88,56 Bl & 1k KUK P I

AR 3 I H] LUFE Y 6 5 2 2 1 1 R 3 de T Y XU )
J A 59.74% (T, ), 46.70% (T,) ,63.28 % (Ty) , i
KWW hRL . Hi p- WG H R AE 3 BT 61 %6
A B R (>80 B A A RIFAEEH A EES,
FHH TR EK At FRER, BATURS AF .
Vit S 2 Mg 25 o4 TR 2 ORI 45
CTO A BRI 2 A Ry & ik 3 14,3400, Ho Al Fh 2%
P 94 S 0 BT A A () 77 T A R S R AR — Y 2
S AE R 58 B A R A — E 1 DT A0 p-BE A 0 R A6 AE
BRACR Y B R A 5 A 2 R R e B B AR
T AR m TR,

TE 3 BT 65 2 b e 25 W B b S A OO T A
KoHPEEESBENES,E T,(17.89%)F T, (18.61%)
b e IR R PR BT AE T iy & B AUR T BB R
(22.02%0) 3K 5] 12.38 %0 . XoF{hk 25 (19 XUk e 51 B 224 A, 223
I3 A 22 HH R UL 1 UK ) B B A R 1 D5 A XU S
1 [T SR B T 0 2 B T Lt e S 4 o XL
L3 3k 40 v LA BTG % R B R KU AR TS e R oK

i 26 AL & W) DTRR 09 A6 SR B IR A I 4 A e .
3, 52 -2 L 6-FF k-3, 58 -2l A 3-F LR &
B Ay 3 Fifribh 35 247 90 51 5 2- R W L 3, 3- AR WA AEE T T
T s B T T T8 4 37 D 1) B 2 R

£3 FTRARNMNBFEZERSHEZ W
Table 3 Effect on the volatile constituents of Chuju as treated by different drying methods
X R/ % XA R/ %
2R E

T, T, T, T, T, Ts
b - 0.72 — 2,4, 4-=HX-1-2 4 - 0.10 —
+ 0.72 0.79 0.44 IS W I — 0.22 —
=k 0.14 - — EEAHE - 1.64 —
+ 0.18 0.12 0.23 A- ST S 1.25 1.65 0.65
2,3- B T — 0.69 — 1-(1,5- " H IO F)-4-H I — 1.64 —
2 Z 1 1 TR 0.45 — — 1%&%%777%%74732%%71’ 0.91 0.64 1.68

2,3,4,4a,5,6,8a- N A %

IR ke 0.12 — - L-RHEE-L, 6- % 0.18 0.13 0.22
K g g 0.15 — — [EESE RS 0.56 2.86 0.51
3. 7- T k-2 g — 0.18 — 6- 48 Jk-2- 2, T 2% - — 0.19
3-FP 5 4 W e - 0.29 — 1R T 3E-3.5- 2 — — 0.31
A-F -1, 5-BF 0.74 — 0.84 P'S — 0.48 —
E W 12.38 17.89 18.61 Rk 19.88(16) 32.09(22)  25.62(14)
Jid A 1.58 1.03 0.10 3,53 452 0.56 0.47 0.23
1(10),6,8-F:#A =4 0.27 0.31 0.31 6-F1 %E-3, 5- 1% 4 -2- 0.57 1.17 0.57
3. 4-THI-FK LI 0.15 0.14 - A1 T B 0.14 0.20 —
9,10- i & - S o7 — — 0.93 3-F 32 2 0.38 0.50 0.39
o T REA B - - 0.60 VN - 0.25 0.27
AT 0.10 0.26 — 3145 i T — 0.11 —
1, 5- T 3E-1,4-30 2 0 — 0.10 - 2 AL 5 TR - 0.17 -
(E)-5-+ 4% — 0.21 — 2-F -2 B 475 -A- TR — 0.61 —
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X B/ % XA/ %
EA EA
T, T, T, T, T, T,
2- PR 3.63 2.92 — T 0.41 2.07 1.56
3, 3- A A iR 0.20 0.15 - T LA — 0.36 0.76
GBS 48(6)  6.55(10) 1.46(4) |p-M& 4 0.60 0.69 0.80
IO 1.18 1.35 0.42 (E)-p-4 & Wh 2.92 — 5.72
A 0.60 1.07 0.24 y- S — — 3.04
S IR - 0.25 - - 2 0 — 0.35 1.22
i — 0.37 — SR — — 0.34
MU GT-3 » 6-F — i I 0.12 — — a4 24 il s - — 0.47
X S TR R O T 0.11 0.16 — LRPE e — 0.14 0.15
i 2 2.01(4)  3.20(5)  0.66(2) |a-fFTH 0.15 0.27 0.28
437 PR B T 0.14 - - a- TR 0.10 — —
2- W 0.38 2.93 0.38 W Uiz 0.13 — —
A-THE 9 T 0.30 0.61 - a R RS 0.11 — —
a-FA AR 0.43 0.88 - SR — 0.23 —
3- PP B % P — 0.47 — a- T A 0.14 — —
k4 IR e — 0.13 — e A M — 0.13 —
- R - L 2 - 0.10 — a- AT i - 0.23 —
i T U 0.22 - - o R — 0.11 —
2,6-F H-1,5,7-3 = 7531 — 0.34 — Fed-3, 711D -4 — 0.38 —
st 1.47(5)  5.46(7)  0.38(1) |45 0.79 1.05 0.75
L RVK F g 1.55 1.23 0.40 3-E 0.29 0.28 —
O PR A i B 0.94 1.19 0.44 () — %k 0.37 0.28 —
U 7 P4 i — — 0.15 SR 0.43 0.41 0.10
1 R I i — 0.10 — [ 3.20 — —
E;ﬂ%n?ﬁn — 0.14 — 4-BE I 1.00 — —
Mg 2k 2.49(2)  2.66(4)  1.03(3) | 0.31 0.34 —
i 0.21 - - B-EH 0.20 - -
- BE VA 0.74 0.24 0.30 GiEsR it 1.17 1.65 2.44
K2 0.25 0.25 0.18 i 7 2 59.47(33) 46.70(34)  63.89(28)
o~ M 1.53 1.01 1.92 - Sk gk 0.40 — —
1-f P H 1.68 1.16 2.15 - WA T 0.33 — —
1 W AR 7 A 0.23 0.19 0.53 1-H 561,23, 4- U & 5 vk — — 0.16
VA 0.10 0.12 - 3PP J-2- 28 g — — 0.15
a- TR 3.48 1.65 2.68 RS 0.73(2) — 0.31(2)
B-E MR 22.02 13.00 8.02 2-BUT FEOR Wy 0.14 — —
a-T 2.94 4.64 0.47 e - — 0.29
I KR 0.36 0.54 0.33 A= T B — 0.10 —
B2 K 3.23 — 5.93 Fiy 2 0.14(1>  0.10(1) 0.29(1)
B-NBHs 0.71 0.65 — 2,2,4-= P 3- I iR - 0.10 —
PR L — 0.11 0.12 M5 iR 0.11 0.56 —
I N L - 2.75 — R -3-C M R - 0.17 —
v-UE R I 0.47 1.13 0.47 78S 0.11¢(1)  0.83(3) —
I R I 0.49 0.14 0.68 5T Sk 20 B ik — 0.33 —
2,5,6-=H $-1,3,6-5F =4 — 0.53 — 1B R A AL 0.65 0.71 0.68
a— K MR — - 14.34 oA 0.65(1)  1.04(2) 0.68(1)
R 8.71 9.62 8.14

R eI
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37 ST MR 44 O IS RS R 2R B A ) T LA
IE CURE R 2- R 8 SR VK T R SR BE A B L LR IE
P LA 7 DR T2 5 O LA AR R O A A AR s - R R
CBRVK R R LA AR A S 5 CRR A B R AT K R A
ORI Tk R AR /N SN S SN NE AP R S RIS R
if P SR A A5 DRI g T 7 T 3 4 v A 0 38 0 e

£ BT LU L 7875 (7] 1 Ak B0 Y i 25 L 4 P XU
VIR M & I TE — B W 22 . X AT RE R R A 1E A
[l 75 3 i A rp K A T 2 Bl SR 3 R R 5 A S S T

Jig 107 R S Ak R A B R AT
2.4 BEITHMER

Fe 4 NIRRT 1 A 3R 44 1 R T A R, Nk 4
A LUE W T A0 A B I P4 o 84.33, ikl T,
ZH(79.00) . BE/M B R4 9 T, 41 (64.00) . i 2 (P<C0.05) & T
Hh 2 4. HHAESE F6 Sk %, T T, 1
SrERY B (P<0.05)& T T, 1, ME SR H THL4H T
B REET R 1 R T AT 280 52 N SR S TR 2 1 B K TR b
B, BT RS 06 185 48 5 R X 382 e 140 BB

F4 FRAXMBEBRETFNOEME

Table 4 Effect on the sensory evaluation of Chuju as treated by different drying methods

THIr R ShIE % EUS ik By
T, 20.004£1.00°  18.3341.53°  22.6740.58"  23.33£0.58*  84.33--2.08"
T, 18.00£1.00"  16.33£1.53"" 21.33£0.58"  22.33£0.58"  79.00%1.73
T, 14.6742.08°  13.674+1.53>  16.00£1.00"  19.67£1.53"  64.00-£1.00°
T B R R 22 5 B35 (P<<0.05).,
25 TFHRIZEMSH S & ik

3R LS AE RS M A R A 3 R i E A vk
T D7 (T O YRGS [E] 2 3 b, THEAF Ay 16.5 h, & T4 T
SAERT R 19.5 hi VR T T4 (T., 18 A B E /T T,
(P<<0.05) , AR T4 Ty, 7.5 WFEM Y 2 5L k.

a
201 X
18 b I 45 i)
@2 FRES T ]
161
< 14+
:’E;' “E' 12+
=]
= o 101
=R s c
2 8
a

T
T

Drying method
AT B3R R 28 5 1 3 (P<C0.05)
B3 RR LA

Figure 3 Consuming time of different drying processes

3 i
28 3 Bl TR T IR A R A A H A — R 1 B4 A A
WRES . RIHN T >T.>Ty o MliMESE 3 T HlFR 25 1 &
B R XK W S5 A XS i B GR F) 4500 LB HAl KUk
Py IR AE A [6] 5 dh v B B 26 AN B AR TE — 2 S B
3 [7) %oF 10k 54 0 KUK SO TR . R I A 2 R R B R R
TR CT) RE A5 B4 Mo PR 3557 38 65 30 2 19 SR Fn @, ot I
BARAHFANFTIME®. S EEZRETRENT
e i SO BRI A T R 0 BT R — 2 AR R
AELHy T 32 53 T o I ] AR X I A R B — A0 X T R
AT A 45 S T ) I 8] A DO 3 4 T i B R LA
A5
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