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K KNO, DUl i@ 48 9E 2 3k, [ 245 48 A 1k =
TR AT BR AN 7 5 5% 4 48 -3 4 WE AT AR v, BT
Bz TR A BRA R 5 B TR , Sigma—Aldrich 2
A ;SOD I &, m at HEUE W) T RS AT
1.2 U#{E5E&

TA-XT plus Fi#g4%, % [E SMS 23 7] ; CHRO-
MA METER CR-400 FF5{i2:1%, H A SEMSING
/3l ;Metrohm 877 Titrino plus F 813 % 4%, Hi +-
i s\ LB 20T B et 7 M s oy i
FHEA PR W ;GBC Cintra 20 %8 4h—1] WG
i, MAFE GBC A A, Thermo MR 23i = # Ik
R VREOHL, % JOUAN A H],
1.3 Ak

RIS 1 X B C, (T K ) A 3 A4 2
44 :C, (400 pmol/L) .C5 (600 wmol/L) F1 C,(800
pwmol/L) , FRAC A & 3 ANH A, WA HE o i 4
AN TR) e 32 1) J5E v PR VS WM 2 CF BRI, =2
JE i A 2 CARIR 58, PR B8 FE 90%~95% . 43 5]
TEN RS 0,7,14,21,28 KA1 35 RECFEI &, #F
it FH VR UG 5 R B T80 CCHBMIR IR vk A TP R AT
1.3.1 fEERE 2% Chu 90 ik, KA TA.
XT Plus J5iF4 {300 R 15 2 14 B 5 A5 4 2 B AL 3
1S AR R SE . T Pl6 AL (HIE 6
mm, JESIEE 5 mm, & EE 1 mu/s), 1HE{ELL
KW 2T (N) R .
1.3.2 nlEMEEE Y (TSS) & it A4~ Ab P RE AL
VERE 8 A AF L BRI BRI, 281K A & 5K
TR R I A TSS.
1.3.3 HXHSR(REC) AR YIMIEE N
I mm WA, T 25 mL i E %, 110 r/min &
%% 30 min, WL RN 5E B9 B SR R P (s/m) ; &
B 10 min, A A, w2 R L0 I R
SEN P, (s/m), BT ARG R Py(s/
m), AR R DU ARG

P(%)="1=0x100 (1)

2 0
1.3.4 NI (MDA) & MDA & &1l 2 =
% Chen SFMI 5 i FIAEIB A, 1 g Y VRIIFIES (19 5
#5 SmL 100g/L. TCA R4 8L, 0.5 mL i
W5 3 mL 0.67% TBA A J5 8 K% 20 min, ¥
HEZEIRIE 3 E ODisomn ODs3m . ODgome N

5 & DL pmol/g KK
1.3.5 JHZ R (Pro) it 0.5 g AR S AE 5 mL
3% K TR TP T , WK 4R B 10 min, WA 2
mL ¥ RS8O A 2 mL VK ES B2 #1 2 mL B2 P
B =R, WhKE I 30 min G0 4 mL 2R
@, 7K 520 nm AR 5 Wt BE (A, 38 3 A fE
LA R o = AR 1 = DL ke A
it 5 (FW )t & A IR 1Y g B8R .
1.3.6 mEMEEASP)EE  iEEEAR
% st il G250 W EBIME, 0.2 g AR
K, EAHZE10mL, 2] 5000 r/min &L 10
min, W 3 0.1 mL, fTA 0.9 mL ZZ4E /KA1 5
mL # G55 G-250, B BEiR A7 ,2 min J5 M &
K 595 nm Ab WG BE AR, I AR 90 B o 1 25
SP &,
1.3.7 HAEMARHO,) & HO, HRillES%
Ferguson S5 5 vk FAE B o, & R bIF 5 1) s 25
FESD 1 g, A5 mL $5048 P i 78 40 TR &) S 3, 250
JG W 0.5 mL 35, A 0.5 mL W& NER 0.1
mL 10% TiCl,~HC1,0.2 mL ¥ 27K J5 1 2) [ B 5
min 5 B0, FUTEF A 3 mL 2 mol/L H,SO,,
SE ARV )T M E ODyyomo 25 HIARE RN 2, THRAE
H,0, & i, 253 LA pmol/g 7w
1.3.8  HAMTIE 7 (0, )R A 0y A s %
I 2 2 BRPNI S50 O v LA KNO, 1R MR ifE 2
B DL pmol/min- g Ay FRLALTHELAE S v O 19 A2 1
1.3.9 @A i /LYl (SOD) MG R
Al SOD IR G H#EA T E , HHEAXWT .
& SOD i [U/(min-mg Pro)] =
X B OD -l & OD f&

%FIE OD {6 * 50%x
DREER. sy @)
1.3.10 AL E M (CAT) S 6 B 25081 )y

I AE RSl , I E WA CAT IG5 il i
il 5 IR B W A 1.0 g, iNA pH 7.8 £ 5 mL
%R, VK R EL 30 min, EIRSRBORLE 4 °C |
10 000 r/min £5F T %50 30 min, B 75 & H .
Pt 395 P 0 AR RN AR R AL 3 mL
0.1 mol/L. Tris-HCl ZZ#h¥# (pH 7.8) .0.2 mL FiF
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Ml 0.4 mL 0.75% H,0,. MAR NI IR, ST
B 5 9% K 240 nm 4b 3 min P 6 W I R (Y AR
1o PADE A 240 nm Ab W2 i 5 48 45 43 PP 28 46 0.01
FR— ARG AL (U)
1.3.11  fikmmid ALYl (APX)  APX %
W 2 RO RS 1k WA s 1 g W R
JER R, A 5 mL 0.1 mol/L(pH 7.5) W2
BRZZ i (% 0.1 mol/L EDTA .1 mmol/L AsA FiI
2% PVPP),4 C 12 000xg = # B 0> 15 min; N
TR Z KA 2.6 mL 50 mmol/L. pH 7.5 il iR
BIZZ W (% 0.1 mol/L EDTA A1 0.5 mmol/L
AsA) F1 0.1 mL B4 0K, G MA 0.3 mL 2
mmol/L H,O, W5 20 KW, i BETR 5, s il
S A K 290 nm &b I SEAE
1.3.12 #HEHFSE HOATFSENES% Cor-
rea—Betanzo S50 77 vk R H pH 7= 2 L TEAE
2L, FRECS VRS WA 5 1.0 g, A pH 3.0 1Y
60% VW, FEREHREE 1:20 1R A 3557 ,40 CK
A 2 h, WEHUGMUE S U8 0.1 mL, 4831 0.2
mol/L. KCI Z& M (pH 1.0) Fl 1 mol/L. NaAc % v
W (pH 4.5)EZ&ZE 10 mL, LAZEWE K A xF 1R 4351
I 5E V6 AR D% K 510 nm A1 700 nm 4k {4 1% 56
G5 L DL 5 VRBE I 8 9% 2 4 -3 — 4 25 R T 1Y 22 5 4K
(mg/g) N,
izéﬁé‘img/g):%xwxl (3)

A H ,A——pH 1.0 5 pH 4.5 &b (Asiom-
Azon) P ZEAE s MW——2K %2 44 3 -3 -4 4 B 4T 40
FIiE (B 449.2) ;DF—H B 5, e—— R %=
5 F -3 BE Y EE RO R (ML 26 900) ;
V—— 4 B A AR T mL s m——FR Y W R AR
A o I—— LB TG (1 em)
1.3.13  PUIRIMER (AsA) & it AsA ST EMINE S
R IREEP A 1 g FERVIMA 5 mL 5% — 4
TR (TCA) W W, IR AT ES L LW 0.1 mL, A
1.9 mL. TCA,1 mL JE7K Z B ,0.5 mL 0.5% W% 2 -
B 1 mL 0.5%4B3E % # - 2 1 ,0.5 mL 0.03%
FeCl,—Z %, F 30 ‘C/K ¥ 60 min, 1l % ODsayn, B
AR ER 3 W, AsA F iDL mg/100 ¢ RR .
1.4 HEREFHZE

K H GraphPad Prism 9.0 #5 &1 ,SPSS 16.0 %}

BdE 3 Hr , H Duncan # & % 25 1 (P<0.05) #4722
55 3 LA, Origin pro 2021 #E47 325050404
A BT R A0 Hr . S WE Rl E B 3
W 45 R LY Y e hn 1A 25 0

2 ZBR55H
21 ABA REXMEBIHB TESWEEMTSS &
EREMm

B SR 4 R AR SE T T EEEER AR, BE A RS
ARG, AT P SRS | 2 £ 2 3 RN AT 4 KR
IR, TSS & 5 1Y %5 SR 52 1 R A G [
W25 R g 1 AR, i 8 1 e, FEIE e
LS A Ak B A SR S R R T TSS i R
AN TR R B A A, X 5 AR S e A B e it
FRAT O, St A 2 4 T 1) B R A1
1TSS Fik, SANFMREER) ABA AFRf5  hnsk
W R L S R AR TSS SR Tk, HR A
600 wmol/L F1 800 wmol/L. ABA 4 B &% 5 45 b
b, 50 A A L 25 R B 3 (P<0.05) . FEIVE E
35 d, 600 wmol/L 1 800 wmol/. ABA b 3 iy 5
SR FE 43 0] R Xt BE AL B 87.8% F1 86.1% 3 TSS F it
4350 A5 BB ALY 103.2% 1 101.6% .,

ABIFGE B ABA Ab AR T 4 A SR SR
PG T TSS Fr o, AT A5 A5 ok LR A ) i
REMYBEE S ABA 19 & i 2 3 SO C 1) &5 R A
1, W] ABA Kb FRAEHE T 358 A0
22 ABAEMEEBETHE TESHEHMBER
(REC)#1 MDA & 21 &

FEXT HL 5 556 11 A% A6 A8 7 40 i 525 1 17 i A
T FH 2 B PR 1) 78 A ke S B 4 i R 25 4 o
PEFN A5 B BE R TR AR AR 2248 7 d JE AE X
GRS RS A = kRT3 i i o (9 I S S
T SO R A R B g % BRI A
2 A 37 M ) A8 AR B FE 58T 35 o B RH X H 5
RIKF] 71.46% ;600 pmol/L Ab BE - T a4 Hoe
AR NS, PR 35 d AHXT L TR 66.41%, 5
XFREA B 22 5 B (P<0.05), 453 £ 1,600
wmol/L. ABA Kb R FEAR 1 20 M IR IR R I3

MDA J2 A= 4 4t M B A ot & A 3 S/ AR i 7=
LB R A AL ) 00 i s 2 R R B 32 A0 4 AR
RO E e bR, BEE IR ] B9 ZE K MDA & 2 A~
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1.8 - 400 pmol/L

. 6.' -+ 600 pmollL

z 1 -~ 800 pmol/L
g #o1af

B E
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Storage time/d
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(b)

T 15 KX B 400 pumol/L (600 pwmol/L 800 wmol/L 434 2 5 A5 4F: & FH 2218 7K (400,600,800 wmol/L 1) ABA %5 15%
WAL B, A SR TR i) AN [6] /N5 7 B 3R 28 S i 3 (P<0.05), R Il
E1 ABAREXMNRXEESHKENEEEMATAEEEYESENZMN
Fig.1 Effect of ABA treatment on firmness and total soluble solids content of postharvest blueberry

during low temperature storage

Wisl i, ABA AbFEAS[FIREEE A H0 6 T MDA & it
T, L 600 wmol/L. ABA Ab B i R4 R 55 oy
%, W= 35d,MDA & HR CK 19 90.7% , 2 5%
3% (P<0.05) , Ui Wl ABA Ab B 4 5 1 41 it B () 5
PR R T A AR T AR B . B MDA X
2 MRS 1 1 5 A v T LA IR IR 3 1 e
WAYIFEZ BN I TN RIS 280, 40 e 2
TSGR I B T RE . IR SO T RS Y 3 A
BN ML N B A 5 TR A A P R i
A BR TR S B R A A, A K
MDA, MDA 58 H B B IRES A, LA OCHE F1 T

- EHKX B
-# 400 pmol/L
- |=«= 600 pmol/L
N
Z 70 -¥- 800 pmol/L
2
¥
o 2
= £ 60
_'r;{ 5}
o o r
- 2 L
= 508
(3} t
= 1 1 1 1 1
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(5, X 200 M R P A H AR v TR 5
B, BEACEE B M MDA KT FisE M4 [ i Jk
(ROS) i7" A, PR-F5 58 i (9 B SR AL T 1 PR 1M
i AL 3 % S SR PR AL ORI R G, T H
BRARVE 00 & A, I AT S SN IR ABA Y
BB, PR T 0 5 5 4 ) S0 B DTG i o Al
B S8 A LSO A2 1, 48 s B TC A € PR &
PRI, ABIESE B 45 Rt 4 W], ABA Kb BRI AR 1 4
e P By P ) T MDA AR IS DA £ 4R
240 6 194 TE A BRI RE B e LA i 2 1k

- KX
- 400 pmol/L
-4 600 pmol/L
-¥- 800 pmol/L

2

1=}

=
1

2
o
a

MDA % fit
Malondialdehyde content/pmol - g™
2

=2
=}
=)
o T

I 4 1]
Storage time/d

(b)

B 2 ABAREIREBEESFEEBEWHMEIESEMN MDA £2MMN
Fig.2 Effect of ABA treatment on relative conductivity and MDA content of postharvest blueberries

during low—temperature storage

2.3 ABA #EX{EBEMH FIEE Pro #1 SP &
EMEN

Pro FlI SP 2 AR W) K P4 1) 2535 38 97 5 4 o,

Pro il SP 5] Ji 45 HOPT AN NI RO 1535 1 | BRI vk
BOfE L I 3 T, 7E AL B | Pro i
SP i Fr HERWTE R, AMIR ABA 4B 5 T 5 2
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L Pro M1 SP By & &, L 600 wmol/L A-
BA b HERUR R B i, P2 35 d,600 pmol/L
ABA &b B Pro % & F1 SP £ & 43 B J& X B 41 1Y
1.16 15 A1 1.4 4%, 22 57 8.3 (P<0.05)

Pro F SP 1 Sy AB Y 470 356 18 5 ) i 4 22 Fh A 40
AT M IE L AR N RT AR o EIC Pro IR BR

- EF KX ER
-& 400 pmol/L
o 15 | 600 umoiL
= - 800 pmol/L
;bo
u: ISV &
Q1 2
=
w £
= § 5
(5]
A=
§ 1 1 1 1 | |
0
=~ % 7 14 21 28 35
T % s} i)

Storage time/d

(a)

ABA AE A5 0 118 5 I % Pro AR B HE X Y
FIRART Pro IR, £h ik [PEG F H,0,
Ak B 5 Pro 5 BN 23 fift A B[R] 9415 Pro B R
AR AR 0 B3P, BiFFE BT, Ah5URE TR 2 Ak
P 1AL BEAY R D Pro B A, FRAIR T
BV FARB REE T RS R

-o- EHIKATHR
-= 400 pmol/L
T -~ 600 umol/L
o0 -¥- 800 pmol/L
£ 020
I =
i 2
[ g
e - 0.15
g
% g
” (=8
=y 0.1
=
=
=) 0 T 14 21 28 35
2 N, e o
56 o [1]

Storage time/d
(b)

B3 BEBRLAENMREESREFEHRERMTAEEERENTMN

Fig.3 Effects of abscisic acid treatment on the content of proline and soluble protein

in postharvest blueberries during cold storage

2.4 ABA R EIMEBEME FTES HO, 1 0; 4%
BRI 2R 20

EFEAEREL T, MYRN A d Lt 3
BOVAIRAS o 7EM 2 AR T 54 0 5 3 B 1
DI Al F g IR AT B, S Bk E ROS
F, N 51 R B AR Ak R A A R 0, o R AR
H,0, 1 0, %5 &5l R Emas ik As, AbE AR
R BA AL, S B g T, BB 4 v,

- E Kt 8
-& 400 pmol/L
-+ 600 pymol/L
-¥- 800 pmol/L

N
3
1

N
=)

-
5
T

0 7 14 28 35

FURE-R I
Hydrogen peroxide content/pmol - g™

21
I e 1 (1]
Storage time/d

(a)

W RETE AR IR G 5 b HL0, Oy AR 2AR i
TR AL FXT HL0, F1 O, A AR BUEAT JIHI 4R A, R
R A T b A A IR R 2R 21 K, 600
wmol/L. ABA 4b ¥ 21 (%) H,0, 7 f & XF 18 41
90.1% ; 0, A= W I X ILH 1Y 79.45% , %578
#(P<0.05),

TR IR T AL AR N ROS 17, i 2 1Y ROS
DU MRS T, ERE AT e R

< - E KR
E e | 400umoiL
4;\2!-5 | -+ 600 pmol/L
N g ~¥- 800 umol/L
; 20
2i¥
W= a
M g B 15F a
& E = } a
= £
= o 3 10F a
<
BB L~ °
% 5 1 1 1 1 1
=3 0 7 14 21 28 35
wn

TP 1]
Storage time/d

(b)

4 ABA #EXRFEERENE H.0, 28 O; £ M EZRHF M

Fig4 Effect of ABA treatment on hydrogen peroxide content and superoxide anion formation rate

of postharvest blueberry during low temperature storage
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b \DNA 278 Fg O 16 45 E A ke k. 75 ARUEE
R T R s [ U 2 7 A v 5 VR B+ R B A5 Ak
PO LA O, 7= A \H,0, & & MDA /K- FlAHXF
JEA P R 3, IR 4R T P S AR T 1 R Pro
SN U T BRUSR S 1  EB
2.5 ABA 4EXREBIHIES N AWEE(SOD,
CAT . APX) i& 14 &Y 2 i

MY BT A AL R Gl SOD .CAT APX %541
B, HUE AL AT DL > ROS BUER | ARG 7 S
KB P A A B M v 0T DL T ROS
B BE 7, U8R MDA 1 B 40 i B840 3, £ b 4l i
PEEZE KA 1 S8 B8 M A L OE 0 A BT AR, DT £
AR ARIR ST M, B’ 5 SR 4 IR 5 b B A
J52SOD CAT F1 APX fiff i 14 56 I T+ 5 B& A%, 7
57 REA LIV 2 E 0TI 9248 T RO R
L, ABA b P A8 4k R34 5 19 SOD FT APX i 9 1%
PR, CAT il 7% P 78 58 i 101 I8 T % B4l 21 KA,
ABA &b BB 4EF5 5 5 1Y CAT B3 M, Horb 600
pmol/L ABA AbFRAUR 5 i . W2 % 35 d,SOD
CAT F1 APX 36 P 43 53l & X FEZH i 1.51,1.26 5 F1
1.18 £, 5 X REZHAH LL 22 55 B 3 (P<0.05) .

4 R BT ST T 2R G T LA 40 AZ B B aa
I 905 I 7 e A W/ A B R 05 . ABA b3 i R
TR N R piai v, LR SISOD
SICAT F1 SIAPX WYX ik, M mr +5
it F SOD .CAT #1 APX il (3% 1, A8 &M T
52 W 2% T a4 v R AR, R A
JIL RS 455 A4y , 5 T i 4 B PR RS R TE R T
IR P AL S PR A2 B ABA Kb B S I R
i T PR SOD \POD (CAT S8 1 s M, fliAG 1%
FLA TR 0 B A T 2 AR B 1 B 5 5 AR
WFFEH ABA AbBREE & 1 P A AL IS P | 1 5 BT
VG 30 P F 5 45 A — 3K
26 ABAREIMEEMHESHEBEMASA S
=R

T FI AsA J2 &R T EE P ALY BE
BRG] 20 B0 2 ) AR R PT A AL R G, 6 A R
AsA 1 & A A0 5 AR SR B DI ARG ZEIV R
Frp e & 25 L THE TR I
F 7 d BNKWEAE , Z )5 BR[0T R . ABA
A3 AR T R AL R A R, HrR L 600

-o- E KX E
-# 400 umol/L
50 -4 600 pmol/L
r ~¥- 800 pymol/L

a0}
30y a

20

SOD i 4
SOD activity/U-min™-mg™ Pro

1 1 1 1
0 7 14 21 28 35

ISR ]
Storage time/d

(a)

=)

- H KX ER
- 400 pmol/L
-+~ 600 pmol/L
-¥- 800 pmol/L

600

4004

CAT i
CAT activity/U-min™*mg™" Pro

200 1 1 1 1 1
0 7 14 21 28 35

T 9 15 1)
Storage time/d

(b)

- E KX BB
-# 400 pmol/L
-+~ 600 pmol/L
-¥- 800 pmol/L

FW

600~

500

by

b
d
a Cc
Cc

200 1 1 1 1 1
0 7 14 21 28 35

T 6 (1]

Storage time/d
(c)
5 ABA #EXREEEREIHELKMLE(SOD,
CAT .APX)i& 1 %
Fig.5 Effect of ABA treatment on the activities
of antioxidant enzymes (SOD, CAT, APX)

of blueberry during low temperature storage

400 c

APX T

APX activity/U-min™'-mg™

300

pmol/L. ABA Ab 3 &0 2R e 4 . 7 jK 2 35 d,600
wmol/L. ABA Ab 3 (1) i 4 48 €0 1 1Y 75 2 /2 X) B2
() 1.72 4%, 22 5 1.3 (P<0.05) , AsA &5 1E I i
PR T %, ABA BRI AsA & HA0 R %
B AR 1 AsA JKF, 600 wmol/L ABA ik
P B/ AR e o B, I 2 35 d,600
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5T & 8L, ABA Ab ¥ n] g 25 i & s h AR 4
A AsA & Fral R e A g a1

-o- FH K & BB
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g BT -+ 600 pmol/L
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=
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I K 15 i)
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(a)

IR R RS A A I, [N AE AT AsA
TERBURMY L, P e A S AP AL e T
e — e,

B kxR

400 pmol/L
600 pmol/L
800 pmol/L

LI

=
=~

PO G
o N O
o 0 O

UK MR 75
~
o

Ascorbic acid content/mg- (100 g)'

3
o

25

W 1 ]
Storage time/d

(b)

E6 ABAREMNREESRKENEZEFEMRANBREENE N
Fig.6  Effect of ABA treatment on anthocyanin and AsA content of postharvest blueberry during low temperature storage

2.7 MEXMESH

Xof i g SR SR 13 R A A AR AR AR EAT
B AT, A 3 T R U 3 A S
(Kl 7a), PCA fRIE/m A £ B Jr 2 R
96.4% (H.H PC1 J5 22 51k %K 70.2% ,PC2 J5 %
TR R 18.7% ,PC3 J7 Z TTHRE N 7.5%) LT
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Effect of Exogenous Abscisic Acid on Physiological Response of Blueberries
to Low Temperature Stress during Postharvest
Fang Xiangjun'?, Wu Weijie?, Mu Honglei’, Chen Hangjun?, Zheng Xiaolin", Gao Haiyan*
(“College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018

’Food Science Institute , Zhejiang Academy of Agricultural Sciences, Key Laboratory of Post—Harvest Handling of Fruits,
Ministry of Agriculture and Rural Affairs, Key Laboratory of Fruits and Vegetables Postharvest and Processing Technology
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China National Light Industry, Hangzhou 310021)

Abstract In order to explore the effect of abscisic acid treatment on blueberry fruit during storage at low temperature
stress, the Garden Blue blueberry were sprayed with 400, 600 pwmol/L and 800 pwmol/L abscisic acid solution, respective-
ly. Firmness, total soluble solids content, membrane permeability, osmotic regulation substances, antioxidant substances
content, antioxidant enzyme activity and other related physiological indexes were determined and principal component
analysis and correlation analysis were carried out. The results showed that treated with 600 pwmol/L. abscisic acid then
storage for 35 days, the firmness of blueberries decreased to 87.8% of the control group, and the soluble solids in-
creased to 103.2% of the control group. The relative conductivity was 5.05% lower than that of the control group, and
the content of MDA was 90.7% lower than that of the control group. The content of proline and soluble protein increased
by 1.16 and 1.4 times respectively compared to the control group. The activities of SOD, CAT and APX were
1.51, 1.26 and 1.18 times higher than those of the control group, and the contents of anthocyanin and AsA were 1.72
and 1.34 times higher than those of the control group. Maintaining high antioxidant enzyme activity and antioxidant con-
tent improves the cold resistance of blueberry fruit and helps to maintain the quality of blueberry fruit. Principal compo-
nent analysis and correlation analysis showed that relative conductivity (REC), malondialdehyde (MDA), proline(Pro),
and superoxide anion (O,”) were closely related to the cold resistance of blueberry fruit, and could be used as indicators
to evaluate the cold resistance.

Keywords blueberry fruit; abscisic acid; cold tolerance; physiological response



