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Abstract: Objective: Reducing the degradation of anthocyanins in
blueberry during drying. Methods: The far infrared drying was

applied to the drying of blueberries, and compared with

traditional hot air drying to explore the degradation
characteristics of major anthocyanins and the changes of PPO
enzyme activity and antioxidant capacity of blueberries under

different drying methods. Results: High retention of two major

anthocyanins (D3G and C3G) in blueberries under far-infrared

drying, and the second-order mathematical model could better

simulate their degradation process. Compared with hot-air
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drying, the rate constants (k) and entropy values (AS) of far-
infrared dried blueberry anthocyanins were smaller, and the half-
life values (t1/2), activation energy values (E,) and enthalpy
values (AH) were larger. The two drying methods produced
similar effects on PPO enzyme activity, but the enzyme activity
of the far-infrared drying group was generally lower than that of
the hot-air drying group after 4 h. In addition, the highest
anthocyanin retention and free radical scavenging ability of dried
blueberry fruits were observed under far-infrared 60 “C drying
conditions. Conclusion: Under the same drying temperature, far-
infrared drying can reduce the degradation of anthocyanins and
improve the drying quality of blueberries compared with
traditional hot air drying.

hot-air drying; far-infrared drying;

Keywords: blueberry;

anthocyanins; degradation properties; antioxidant capacity

WERE 2 AU R TR . R AT REY
B T A U AR DG BF S 2 TR T AE 9T 2R A W AR SR I
W BA BRI U AL RE ) BT 20 L FE Y 2 S BB 1 A
123, SiAER BB LA R AR I R S AR T R A A R Y
REAS Tl 5 N 28 S A 00 Al 23R 47 #E L . Cheng 455 1Y
WF 5 s 2 B 15 % 42 MR ) RE 0% AR AR B IR LA DNA 4
3 I 20 T J A0 B B B A AL S . HE
PR B R  SR AR U BN i) 5 L R O T A R A
JBE 45 v T e 30 1) A 20T B, ORI ERORCT R O 0k
TR AR T 0 T B OAR R RUT R AR A AR A 4
A ) fAELAE e 3 WD e T MR U 1 4 o BT 2%
JEHIE AR R LY PR )™ G MR, b TR 7

SUAN L2V TR T, 777 il ol B (H R RE L 2 4P
AE S AR 4R A A AR TR AN G T TSR A B R

B A = T2

147



148

EF# 5% NUTRITION & ACTIVITY

LT AN 4RO — RO R R AR O R ik E
T I £1 A0 S 7 AR R D A Rk 3R T T IR B TR
IR AV = A 3R B 22, UK 4 el P Ah R AR
AT SR B8 K A3 DR 28 K . D 5% 30K 2 20 A0 T 8 5 R
AT RN T JF 5% 50 RT3 AT X4 LE L IR ER
[F 407 T W28 A0 R B R i 2 A AL R
(PPO) Bl I P b 0 AL BE 1 722 1k, LU 4 15 38 25 T4 b
T 08/ T AR TR 4B F R 28 T A
1 MEtS5 )k
1.1 FE#HHEKH

WE%E T 2021 45 7 R A W AR BUE . &R G s Al
8 Tl S SR A B B I ML M D D) 35k BTG v U LG
BUARER 15 | 42 58 U 5 2 , SR 3 o BB 5l 3 B0 O A [
S A BEAT T4 BT UG ST A

FE AL IR A ER TR T R LB TR A
ABIR W R 2 M R L B (PVPP) K il fir il X-405
(TritionX-405) : 43 Hr 4l , K e 7 Bl %5 B Ak 2= K 7 A R
NEIR

KIEEYEE R EC(Trolox) (2, 2-BE &- — (3-Z -7 If
58 M- 6Bl iR ) 4 Eh (ABTS) K 2, 2- 7 28 - 1-nf i - B
#(DPPHD : 245 46, 3¢ [H Sigma A H),
1.2 FENFEEEE

FXKT AL DHG-9140 B, FHFACIEA R F

TG 2T AN BT R YHG-300-S 8, Eig R %
WA RAT

1 A A 2 3% AR B % 4 : Thermo Vangquish #Y,
5 E PR R B A A

2 Hh—0] D466 B 1. UV-minil240 B, H 7R B ¥
NI
1.3 A E
13,1 THE&M HU500 g i B4 & T O T R 48
KL LT AR T AR T BEAT T R E RO TR R E
60 Cak 70 °C, XA 2 m/s; L0401 45 1R B 5 KU B
HHRFIEAA R 1 h BN R ZESE, TRE
SRR EOKETE 106 LAY,
1.3.2 HHERLAEFTRGHENE WERILTUHERLE
YRR IS % Zhou S50 B 7 Ik FEREVE B L. B 50 ¢
WRA BRI 1.5 g AR X 1.5 g RIKHIF7E4 CT
FOAUERGY T REAEBE 2 h 5 A 50 mL &%
B OIVFTRERRIY 75 % CEE IR G WITE 4 °C .8 000X g
FHTEORBE LR REEL LRI 3 K.
GIF BVEWAE 40 CRHER 2K R B Y 50 mL 54
0.1 Y AF BRI 750 S BEVS WV i . M e Bk L& 7 4 C
BT R

I 25 2008 AE 0 3% B IR T S vk ) W AR T AR T R
TEMRERSN LRI ANK—FBR BV,
Vg * Ve =87 10 3), i sh Ml B h/AK—HRR—2 G

BE s # | 2023 F 2 B | RSN

(Vi t Vi = Vo =40 = 10 = 50) . AT 40 6 BE B2 5
FFVEME :0~4 min,10% ~14% B;4~6 min,14% ~20%
B3;6~10 min,20%~30% B3;10~15 min,30% ~10% B,
W N 1.0 mL/min, € 3EF R R A Cis (G354 (1.8 pm,
2.1 mmXx100 mm), #FFEEY 2.0 pL, #ER N 35 C. H
W% 25 AL B3 4 BT 1R B O OE B R, A i MR, TR
WEREESE LiESIR Tk,

1.3.3 T hESHIHE —BATRERNOI. ZHR T #R
[0 (2 TR 7 (20 (3) T8 ke il iR SR 8% n 15 7
AL YRR T R, HO R AR,

¢ = coexp(—kt) ., [@D)
R kt (2
c co
1
/2 T T e 3>
t1)2 fes (
o,

t——TF WA b

WA R R TS ¢ 2 R IR S AE T

RO . mg/g DW;
—HURFRL,

1.3.4 I SH0THR

il 7% AL A 0 (O

Co~C

AIF TR 26 A T B B #

an:f(Tfl*Tz)s (4
=
E, R AL H E R I fL A8 k] /mol;

by k60,70 “CF T3 R 5%

T, T,——60,70 °CAYFF IR SCHE G

R— %%, HA6 4 8.314 J/(mol « K),

T A g AR AL T K B Bk (AH L K]/ moD) L 3 A i
1 8 (AG s kJ/moD) K4 (AS . kJ/mol/K) {H 5 28 4 3 A
K5 K6 KD,

AH=E,—RT. (5
AG=*RT1n(ﬁ), 6)
kyt
AH— AG
AS=S 7
A,

h——F% WIS 5 HABH 6.626 2107 J 55

ky—BEIR 258 H B AN 1,380 6 X107 % J/K,
1.3.5 ZWMALEHINE PPO MRS ES%
Terefe MW F L IFFEAEB YL, K 2 g MERGYS
2 mL 0.2 mol/L M BEER+h 2% th I (pH 6.5) B4 1R & » %
PR 45 2% th i & 1 mol/L /Y NaCl BAR B 80 1761
Mz s X-100, AW R 5= GG B O (14 000 X g,
4°C), W LV AR B A R IO A O L R AT
PPO [ 15 M 5347 .

B 100 pL PPO F 42 B fm A %) 3 mL 0.05 mol/L



&M | Vol.39, No.2

POBETR B 28 vh il (pH 6.5) b, WBE MR b 5 A
0.07 mol/L AR Z B, a5 % 4124 0.2 mol/L
R ih 2% vh (pH 6.5) 10 PPO B H2HUY L IR & 4 F JH £
MG TTTE 420 nm b 2200 E 10 min WIR G WY
W AR AL, PPO 6 M8 SOk B T A i B 3 P I O B
M 0.01 24 1 ASEEE I AU
1.3.6  BiE A LAE W AR ST P A Ak BE I L
DPPH [ L5 R BE J1 2 ABTS ™ [ i 3L B R 8 1 %o,
W AR R ST R Ak W B B R PR B 10 g MK AR A
50 mL 80 % Y H B FE A S SR M P AL B 20 min, S5 KA
BT 10 000X g FE.L (4 °CH IR Fig . 8 e b
WK G A I B L TE 45 C TR AW IR ITE 2 %
K BRAH A R T 80 %0 W R, AR 25 mL,
I AR AR BOR S T — 20 “C BRI T RA7. WAL
P E AL BE T E B % B AR ] S %ok A7 H D
I
1.3.7 B Hr  ffiH SPSS 18.0 #EAT 5G40 47, BT A7 %%
Pk A 3 AR IR AR N A AR UEZE . Tukey
5 56 F F 20 BT 7 34948 22 18] 14 22 53 % 9T 45 45040 22 (8] 119 #H ¢
P, P<<0.05 RARERAFRI¥E L.
2 RS
21 BEERIUBTERSE=E

WE 1 BRI 6 Bl Ak F KPS 2 A
MR LR REH R L M EES RIS 2 Fhin e
BFE, KM E-3-0-F FLB I (D3G) KK % 4 #-3-
O-HHBEH (C3GO KR I EBEWPEE T R, X b
5 Lin MR SR -8 ¥R D D3G5 C3G 1Y
SHEABIAF T 56.30,40.98 mg/100 g, X 2 FAEH RS
ORI R B 0 T A AR RS RS LAY AN A A
I B 5 A% 0 TR E B K -3-O- BT BLAA M (D3A) VR E
4 FE-3-O-% % B (P3G) | #i 25 (0 &-3-0-2k 7
(M3G) KB 2% (0 R -3-O-Fl {7 (A B (P3G) . % F D3G
5 C3G e B 92 vh O & B0 vy PRI G AR O ) 28 T 48
1T AR T I TR Y B R AR AT

1201
<1001 4
3 —o— # 60 C
w2 80+ —a— K70 C
g —e— JLZ[A160 C
1 0 —a— JELLH1T0 C
¥z
o =2
= é 40 AI'\.§ .
T —08—88_¢_
;:q:' 201 %A\ii‘e‘e’o\o
0 | | | | . | )
0 2 4 6 8 10 12
g i)
Time/h B
(a) KRR -3-0-2LFLHHH (D3G)
B 2

B FETRAXNESESZRBEERAELENHRN

801
70+
60
50
40
30
20

H RO =

Anthocyanins content/(10?2 mg - g DW)

D3G  D3A

C3G P3G
S
Species
NG BN R 2R 22 5 i (P<C0.05)
Al BEBERZVPHRAEHERSZ

Figure 1 Components and content of anthocyanins

M3G  M3A

in blueberry fruit

22 THRIEESTIZEREZRE

2.2.1 PP DIG S C3G MR HHFEEW
R AR B 7 SN T 0o R e 3 I T R A 6 AR
AR (98 R T RE T B, AN 8] T 08 O 2 (GRRORU BG40 40 T 4
BT R BE (60,70 C) P& RL P 2 M EEHUHEE
(D3G K& C3G YR B RA0E 2 Fias, I 2 arsn,2 flF
WA AT R MAERLL ETROME SRS
PR T R T BB . 5 Zhou 0 4 %t
T R R R I, HFETHIFTXT .60 CT
PR 2 P WAL H RO RE S, Aramwit %0
WARIE T & & A6 RIS TR R AR T 70 C.
FEAH TR T 24 TR ES NS ZREEE
.60 CTHREET DG S REMKTHRERTT
13.9%,70 C THRIRE T D3G F EBEMK T RER T
12.6%;:60 C TIHEEE T C3G T 2BRANTHERT
13.7%,70 C THRIRE T C3G S REHAKNTHRER T
12.4% . 7=k — B4 Y 32 R O AH TR) 4808 T i
CLAN TR RCR B L D Tl R R 5 5 U0 4 i e D
W TAET E YR AL F R R R A

1201
- —o— K60 C
g 100 —— K70 C
2 —e— FLZLH[60 °C
RS 80+ —a— LT A0 C
- =
B o
wfoor \
=
2 = \Q.
© 2 40t NG
g K\"°\a
T R N §
= 20 Aqp 308,
oL ‘ ‘ ‘ ‘ ‘ ‘
0 8 10 12

4 6

F 45 bt ]
Time/h

(b) KRHEZE-3-0-HE W (C36)

FRAFBREFTEEREL T D3IG S C3GHHEG R

Figure 2 Retention rates of D3G and C3G in blueberry fruits under different drying conditions
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FLLAh 60 1.07040.02¢ 1.10440.049 1.66+0.03* 2.2140.03¢
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70 36.841.5°  49.2+1.1*  106.8+1.3" 110.24+1.5" —204.1+8.1> —177.8-47.6

T NG TR SRR 22 5 1 3 (P <C0.05)
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Figure 4 Effects of different drying methods on antioxidant capacity of blueberry
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