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Effects of energy status on quality deterioration in grape fruit

ZHANG Qun"?, TAN Huan?, LIU Wei’, ZHOU Wen-Hua'"
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Academy of Agricultural Products Processing Institute, Changsha 410125, China)

ABSTRACT: Objective To investigate the effects of energy status in grape fruit tissues on quality deterioration
during cold storage. Methods After antibiosis, coating and heat treatments (compared with untreated grape fruits),
Red Globe grape were stored at (4+0.5) C. Contents of ATP, ADP, AMP, energy charge (EC), soluble solid (SSC),
titratable acid (TA), pH, V, organic acids and soluble sugars in grape fruit were determined at each 10 d during cold
storage. Results The results showed that with extension of storage time, energy levels were in a loss state in grape
fruit tissue. Energy substances, such as ATP, ADP, AMP and main nutrition attributes (e.g., SSC, TA, Vc, organic
acids and soluble sugars) were decreased, while only pH values were increased. Appropriate postharvest treatments
alleviated energy losses of grape fruit tissue and delayed quality deterioration, especially coating treatment. Levels of
ATP showed quadratic equation fitting curve with TA and Vc contents, fitting degrees more than or close to 0.9.
There were good linear equation fitting curves between ATP content with SSC, glucose, tartaric acid and pH value,
with fitting degrees close to 0.9. In pears correlation analyses, ATP content were significantly positive correlated with
SSC, tartaric acid, TA, V¢, and glucose(r=0.894~0.942, P<0.01), but significantly negative correlated with
pH(r=-0.934, P<0.01). Conclusion Energy levels have direct effects on qualities deteriorations of grape fruits.

Ways of keeping high energy levels of grape fruits can maintain good quality of grape fruits.
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Fig. 1 Changes of ATP (A), ADP (B), AMP (C) contents and EC (D) in grape fruits at different storage time (n=3)

3.2 AEEEEERAELA SSC T L

2, sSSc
(P<0.05) sSSC
, SSC
40d ssc ssc
, (P>0.05) A 2 ,
SSC  ATP , ,SSC  ATP

Y = 0.742X+5.625, r?
=0.8598, 0.9

3.3 AEMEAEEERAELN TA TL

3 , , TA
TA (P<0.05); TA
> > 5 5
40 d TA ,
(P<0.05),
(P>0.05),
, ATP TA

Y=—0.0554X+0.9882X+5.0856, r*= 0.8723

TA



5 2055
16 55 -
—e— Xfff CK
—e— X CK —o— BLEALPE anti-bacterial
14 —o— PALFE anti-bacterial —v— WA coat
—v— WRIEALFE coat 50 F | A PG FH heat
—— LB heat
o)
E 12
45
iy
=0 5
ual
x 40 | £
=g
6 3.5 +
4 | 1 1 1 | 3.0 | | | | L
0 10 20 30 40 0 10 20 30 40
g 1A/ st IR /d
4 pH (n=3)
2 SSC (n=3) Fig.4 Changes of pH in grape fruits at different storage time (n=3)
Fig.2 Changes of SSC in grape fruits at different
storage time (N=3) . N -
35 AFREMENEHERAELS Ve ZERMEL
11 -
5 s R Ve
10 Ve
, R 5.98~1.99 mg/100g 10d
9 | , (P<0.05);
= ( 20d ), Ve i
= 8 |
., (P<0.05) s s
§ Ve S Ve
& 77
{H 9 9
i% 6 L Y=-0.035X>+0.6984X+2.4909, r> = 0.9199, r?
0.9,
s Ll X} HE CK
—o— Hi4EE anti-bacterial 36 FEMHAEHERHAREHERHE L
—v— IRHEALFE coat
4 | —a #ULH heat >
( 6A B O s
3 1 1 1 L 1
0 10 20 30 40 ’
W jig et [E)/d ’
ATP )
3 TA (n=3) Y=-0.116X+4.6039, *=0.7679
Fig. 3 Changes of TA in grape fruits at different storage time (n=3) )
, ATP r 0.8
34 AEIGEEEEERT pH 9T K ’
4 ., pH 40d ,pH § N . ’
30.99%, 28.45%, ’
26.76%, 21.13%, pH ' ’
. pH . ’\
R 37 FREIMHAEHERABAT AT

Y=—0.124X+4.6412, r’= 0.8721,

0.9,

TA R 30 d ;



2056

( 304 (P<0.05)
30d R ;
40d .4 30d 38
7B R ,
(P<0.05)
7 -
6 | (
z 5
=
o
=
E?ﬂ
.m ~
=
; 3+ =
2
—o— X HR CK ﬂﬂ\\ﬂi
2 | —o— BUEALHE anti-bacterial pe
—v— WREALHE coat =
—— FULHY heat B
| #
0 10 20 30 40
WP Tal/d
5 Ve (n=3)
Fig. 5 Changes of Vc content in grape fruits at different
storage time (N=3)
45 _
A —e— X CK
4.0 L —o— HLHALFE anti-bacterial
—v— WRIEALHE coat
—a— HAbFE heat
Z 351
3
E 3
8
fﬂ% 3.0 | %
¢ £
g 1
& 2.5 L po
= &
*
2.0 | ik
1.5 |
1.0 1 1 1 1 1
0 10 20 30 40
T el /d
6 (A) (B) ©
(n=3)

Fig. 6 Changes of tartaric acid (A), malic acid (B), and citric acid(C)

contents in grape fruits at different storage time (n=3)

(r=0.924 ~ 0.927, P<0.01),

, ATP

b}

0.9
ATPKEMEZEFRRATERES
( 1),ATP SSC

(TA
(r=0.894, 0.934, 0.942, P<0.01)

i )

1.8

14
1.2
1.0 |
0.8 |
0.6

04

0.2 1 1 1 1 1

Y=0.9421%+10.393, r’=0.8539,

S

10 20
g TR]/d

045 r

0.40

0.05 1 1 1 1 1
10 20 30 40

T3 ) /d
6 (A)
©) (n=3)

(=]

(B)

Fig. 6 Changes of tartaric acid (A), malic acid (B), and citric acid(C)

contents in grape fruits at different storage time (n=3)



5 s 2057
2 o —e— X CK
A —o— PHALHE anti-bacterial B
20 L —v— IRIEALPE coat
—— HULFH heat
% 18 | >
< e
= 16 | =
= )
] =
< ]
g 14 L I
g
&
12 |
10 |
8 | | | | | 1 1 1 1 1
0 10 20 30 40 0 10 20 30 40
PR AL/ TN )/
7 (B) (n=3)
Fig. 7 Changes of glucose (A) and fructose (B) in grape fruits at different storage time (n=3)
F 1 ATPKTEEEZEEFRRIEHRE MK /REE XSS
Tablel Correlationsof ATP levelswith main nutrition attributes of grape fruit
(ng/g) (Brix) (mg/g) Vc (mg/100g) pH (mg/100g) (g/100g)
1
0.927%* 1
0.894 %% 0.839%*
Ve 0.942%%* 0.892%*
pH —0.934%** —0.938%** —0.886** 1
0.934%#* 0.899%* 0.953%* —0.889%* 1
0.924%* 0.895%* 0.924%* —0.844%* 0.926%* 1
;o 0.01 ( )
ATP pH (r=—0.934, P<0.01), s
, pH pH
\\ \A
,pH , , 4 5 —.I-'Hf,
TA Vc
(r=0.839~0.899, P<0.01), ATP ADP AMP
> ATP
SSC TA (pH ) ,
> Rommanazzi 1%

1-MCP
ATP ,



2058

[24,25] [26]
ATP , ATP
ATP
EEP N
[1] , , , .DNP
. ,2013, 29(1): 162-166.

[10]

Liu J, Guo DL, Wang MM, et al. Effects of 2,4-dinitrophenol(DNP)
treatments on storage quality of grape fruit [J]. Jiangsu J Agric Sci, 2013,
29(1): 162-166.
Wu ZM, Yuan XZ, Li H, et al. Heat acclimation reduces postharvest loss
of table grapes during cold storage-Analysis of possible mechanisms
involved through a proteomic approach [J]. Postharv Biol Technol, 2015,
7(105): 26-33.
Meng XH, Li BQ, Liu J, et al. Physiological responses and
physical-chemical characters of table grape fruit to chitosan preharvest
spray and postharvest coating during storage [J]. Food Chem., 2008, 106
(2): 501-508.
Saquet AA, Streif J, Bangerth F. Changes in ATP, ADP and pyridine
nucleotide levels related to the incidence of physiological disorders in
‘Conference’ pears and ‘Jonagold’ apples during controlled atmosphere
storage [J]. Hort Sci Biotechnol, 2000, 75 (2): 243-249.
Jiang Y, Qu H, Duan X, et al. Energy aspects in ripening and senescence
of harvested horticultural crops [J]. Stew Postharv Rev, 2007, 3 (2): 1-5.
Saquet AA, Streif J, Bangerth F. On the involement of adenine nucleotides
in the development of brown heart in “Conference” pears during delayed
controlled atmosphere storage [J]. Gartenbauwissenschaft, 2001, 66 (3):
140-144.
Saquet AA, Streif J, Bangerth F. Energy metabolism and membrane lipid
alterations in relation to brown heart development in ‘Conference’ pears
during delayed controlled atmosphere storage [J]. Postharv Biol Technol,
2003, 30 (2): 123-132.

[J1. ,2010, 27(6): 946-951.
Liu T, Qian ZJ, Yang E, et al. Respiratory activity and energy metabolism
of harvested litchi fruit and their relationship to quality deterioration [J]. J
Fruit Sci, 2010, 27(6): 946-951.
Hai L, Li LS, Yan LY, et al. Cold storage duration affects litchi fruit
quality,membrane permeability,enzyme activities and energy charge during
shelf time at ambient temperature [J]. Postharv Biol Technol, 2011, 60(1):
24-30.
Su XG, Jiang YM, Duan XW, et al. Effects of pure oxygen on the rate of
skin browning and energy status in longan fruit [J]. Food Technol

Biotechnol, 2005, 43 (4): 359-365.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Yi C, Qu HX, Jiang YM, et al. ATP-induced changes in energy status and
membrane integrity of harvested litchi fruit and its relation to pathogen
resistance [J]. Phytopathology, 2008, 156 (6): 365-371.
[J1. ,2012, 28 (4): 275-281.
Chen JJ, Jin P, Li HH, et al. Effects of low temperature storage on chilling
injury and energy status in peach fruit [J]. Trans CSAE, 2012, 28(4):
275-281.
[J1. ,2012, 33(4): 276-281.
Zhao YY, Chen JJ, Jin P, et al. Effect of low temperature conditioning on
chilling injury and energy status in cold-stored peach fruit [J]. Food Sci,
2012, 33(4): 276-281.
Song LL, Jiang YM, Gao HY, et al. Effects of adenosine triphosphate on
browning and quality of harvested litchi fruit [J]. American J Food
Technol [J]. Am J Food Technol, 2006, 1(2): 173—178.
Ozgur AK, Franka MG, Monir M, et al. Postharvest ethanol and hot water
treatments of table grapes on control gray mold [J]. Postharv Biol Technol,
2004, 34 (2): 169-1717.
[D].
,2007.
Kou LP. Studies on fresh-keeping effects and mechanism of mild heat
treatment on lightly processed table grapes [D]. Yangling: Northwest
Agriculture & Forestry University, 2007.
, s s . [J1.
,2005, 22(2): 43-44.
Sheng W, Xue JP, Zhang AM, et al. Study on the preservation of grape by
chloring dioxide [J]. J Biol, 2005, 22(2): 43—-44.
Rommanazzi G, Mlikota GF, Smilanick JL. Preharvest chitosan and
postharvest UV irritation treatments spores gray mold table grapes [J].
Plant Dis, 2006, 90(4): 445-450.

. HPLC ATP ADP

AMP [1. ,2013, 13(9): 196-200.
Wu GB, Chen J, Chen FA. HPLC Determination of ATP, ADP and AMP in
postharvest Wax Apple (Syzygium Samarangense Merr.et Perry.) Fruit [J].
J Chin Inst Food Sci Technol, 2013, 13(9): 196-200.
Yuan X, Wu Z, Li H, et al. Biochemical and proteomic analysis of
‘Kyoho ’grape (Vitis labruscana) berries during cold storage [J]. Postharv
Biol Technol, 2014, 62 (88): 79-87.
Zhang H, Zhou F, Ji B, et al. Determination of organic acids evolution
during apple cider fermentation using an improved HPLC analysis method
[J]. Eur Food Res Technol, 2008, 227 (4): 1182—-1190.
GB/T 22221-2008
[S].
GB/T 22221-2008 Determination of fructose, glucose, sucrose, maltose,
lactose in food-High performance liquid chromatography [S].
Yi C, Qu HX., Jiang YM., et al. ATP-induced changes in energy status and
membrane integrity of harvested litchi fruit and its relation to pathogen
resistance [J]. Phytopathology, 2008, 156 (6): 365-371.
s s , .1-MCP CO, ° ’
1. ,2013,33(6): 1177-1182.
Cheng SC, Wei BD, Zhu YP, et al. Effect of 1-MCP and CO2 treatments
on energy metabolism characteristics of “Nanguo”pear fruits during shelf

life after cold storage [J]. Acta Boreal Occ Sin, 2013, 33(6): 1177-1182.



, 2059

[25] . . &=
U 12012, 28(10): 257-264.

Zhu MY, Bai H, Liang LS, et al. Mechanism of energy metabolism on % B B4 MRA. TEMRS
» /BT, ,

cold acclimation treatment for alleviating chilling injury of peach fruit B B S N TR TIE
during low temperature storage [J]. Trans CSAE, 2012, 28(23): 257-264. E-mail: zqun208@163.com
[26] , , .
[J1. ,2015, 6(6): 2317-2322.
Zhu EJ, Lv MZ, Cao DM, et al. Effects of different storage environment Bcit, #iT. BLSF. TEMR
=, > s IR N 5 n
on preservation and quality of red grape [J]. J Food Saf Qual, 2015, 6(6): HERES T 5 e - =
2317-2322. E-mail: 13786129879@126.com
(TfE% . 2 EAK)
R R R R Y R RY RY R RY RY Y RY R ) 92 R R SR R R Y SRY R R R RY R R SR R Y R R LY R R R Y oY SRY R R oRY R Y Y RY R Y RY R
“ (=N Siq S ” g 4 >
BERPESRBEMRESNAER” ERIERSE
, 2016 7
, 2016 6 15 E-mail
‘AR

: www.chinafoodj.com
E-mail: jfoodsq@126.com

(B BN EARNFIRY) %30



