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ABSTRACT 
 

This study was conducted during the two successive seasons 2016 and 2017 on Red Globe 
grape cultivar in order to examine the effect of Abscisic acid (ABA) at 200mg/L and ABA at 
400mg/L and Green tea extract (GTE) at 2g/L, 4g/L and  6g/L, alone or in combination with each 
other, on berry coloration and quality parameters. The applied treatments were sprayed twice per 
season, during the onset of ripening (véraison) and when 75% of the berries showed color 
development. GTE and ABA were sprayed on the clusters only with a handheld sprayer until runoff. 
The results illustrate that spraying clusters using Abscisic acid at 400mg/L with green tea extract at 
4g/L enhanced the berry quality characteristic such as, total phenols, total anthocyanins, total sugars, 
berry color parameters, T.S.S/acid ratio and reducing total acidity % whereas, using Abscisic acid at 
400mg/L with green tea extract at 6g/L enhanced the T.S.S and the berry firmness comparing with the 
control treatment, but both treatments did not affect the berry weight. However, Abscisic acid and 
green tea extract improved fruit color development by increasing accumulation of anthocyanin and 
improving table grape quality.              

 
Keywords: Red Globe, Abscisic acid, Green tea extract, berry quality, coloration.  

 
Introduction 

Red Globe (Vitis vinifera L.) has become a popular seeded table grape cultivar in Egypt. 
However, in some warm climate regions like Egypt, the coloration was an undesirable during ripening 
stage. The major characteristic of modern table grape production is its adaptation to the requirements 
of the markets (local and foreign) aiming to enhance chemical and physical characteristics of berries. 
In addition, poor coloration markedly minimizes the economic value of colored table grapes (Spayd et 
al., 2002).  
 The plant hormone Abscisic acid (ABA) has been considered as the main triggering signal for 
the onset of ripening berries. It appears to be implicated in the regulation of flavones and anthocyanin 
synthesis in grapes berries, beside to its increasing to the synthesis of secondary metabolism 
compounds, including phenols (Koyama et al., 2010; Ferrero et al., 2018 and Yamane et al., 2018).  
 In this regard, Peppi et al., (2007) and Neto et al., (2017) showed that application of Abscisic 
acid involved in various biochemical and physiological processes in grape berries, which directly 
improve the berry color development. Additionally, the combined use of Abscisic acid (ABA) and 
Green tea extract (GTE) might be desirable if firm, large berries of acceptable color are the result. 

Green tea (GT) is processed from the leaves of Camellia sinensis L., and has been acclaimed 
for some decades for its remarkable antioxidant features linked to large amounts of tea catechins (TC) 
(Perumalla and Hettiarachchy, 2011). These compounds may act as antioxidants by inducing 
antioxidant enzymes, inhibiting pro-oxidant enzymes or reacting with oxidant agents. These aspects 
make GT a good candidate as an antioxidant additive to be used to produce foods with a longer shelf 
life (Gai et al., 2014). 

Green tea extract (Camellia sinensis)  contains Phenolic compounds such as flavonoids, 
contains abundant bioactive substances, including vitamins, amino acids, catechins, 
epigallocatechingallate, epigallocatechin, epicatechin, polysaccharides, lignans,  triterpenoid, saponins 
and caffeine (Lee et al., 2014). These substances counter the effects of reactive oxygen species and 
promote the activity of the plant cells (Grohar, 1992).  
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Green tea polyphenols have shown their protective effects by decreasing oxidative stress, 
increasing the activity of antioxidant enzymes (Shen et al., 2011). Green tea extract is a powerful 
antioxidant, because of the high levels of polyphenols and contains different tannins, vitamins and 
minerals (Faissal et al., 2014). Moreover, the using of GTE on the table grapes was very effective in 
improving quality of the berries such as total sugars, T.S.S. and decreasing total acidity (Abada, 
2011). Ghasemifar and Saeidian (2014) found that addition of catechins to red grapes juice can be 
stabilized and enhanced anthocyanins. For this reason, the GTE may be stabilized and increased 
accumulation of the anthocyanins.  

Eventually, the main goals of this study were to examine the effect of abscisic acid and GTE 
alone or combined with each other on the fruit quality besides the obtaining of high coloration for Red 
Globe grapevines. 
 
Materials and Methods  
 
 Plant material and treatment  

This Experiment was carried out during the two successive seasons of 2016 and 2017 on six-
years-old Red Globe grapevines grown in a private vineyard located at Samalut district, Minia 
Governorate. The vines were grown in silty loam soil under surface irrigation system, trained by 
Gable supporting system and spaced 1.75 m x 3m apart. Canopy division has typically been 
accomplished by training vines to the quadrilateral cordon system, four permanent arms are 
established from a single vine (2 on each side of the canopy), leaving 48 fruiting spurs x 2 buds each, 
with a total vine load of 96 buds.  For both season, 108 vines (each treatment was replicated 3 times, 3 
vines per each.) were selected on the basis of uniform size and estimated crop load, and subjected to 
the common horticultural practices that are already applied in the vineyard. Randomized complete 
block design was followed. 
GTE was prepared by boiling of 2, 4 or 6g dried leaves powder in1000 mL water for 10 minutes and 
after cooling, solution was filtered by gauze mesh (Spiro, 1995). 
This experiment included the following twelve treatments: 

1- Control (non-treated). 
2- Abscisic acid (ABA) at 200mg/L. 
3- Abscisic acid (ABA) at 400mg/L. 
4- Green tea extract (GTE) at 2g/L. 
5- Green tea extract (GTE) at 4g/L. 
6- Green tea extract (GTE) at 6g/L. 
7- ABA at 200mg/L+ GTE at 2g/L. 
8- ABA at 200mg/L+ GTE at 4g/L. 
9- ABA at 200mg/L+ GTE at 6g/L. 
10- ABA at 400mg/L+ GTE at 2g/L. 
11- ABA at 400mg/L+ GTE at 4g/L. 
12- ABA at 400mg/L+ GTE at 6g/L. 

               The applied treatments were sprayed twice per season, during the onset of ripening 
(véraison) and when 75% of the berries showed color development. GTE and ABA were sprayed on 
the clusters only with a handheld sprayer until runoff.  
Clusters from each treatment were harvested at random on the last week of July in both seasons. Then, 
transported to the laboratory and the following parameters were recorded: 
 
1. Physical characteristic of Berries 

 
a- Berry weight (g): 

Twenty grape berries from each treatment sample were selected randomly for the 
determinations of mean berry weight (g). 

 
b- Berry firmness (g/cm2): 

Five grape berries from each replicate sample were selected randomly for determination berry 
firmness (g/cm2) by using Penetrometer, Model FT 011. Italy. 
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2. Chemical characteristic of Berries 
 

a- Total phenols (mg/g F.W.): 
Total phenols content were determined according to the Folin-Ciocalteu colorimetric method 

(Singleton and Rossi, 1965).  
 

b- Anthocyanin (mg/100g F .W.): 
 The total anthocyanins content in berry skin was determined with one gram of berry skins, 
blended with 10mL of acidified alcohol solution 95%, The mixture was then filtered through a 
centered glass funnel G-3 and the extract was transferred to 25ml volumetric flask and 
completed to volume with the acidified alcohol measured on spectrophotometer at wavelength 
538mm according to the method of Ranganna, (1979). 
 
c- Total Soluble solids (T.S.S%), Total sugars, Acidity%, and TSS/acid ratio(%): 
They were determined according to A. O. A. C. (2000). 
 
d- Berry color: 

Color characteristics [lightness (L*), chroma (C*), and hue angle (h°)] were analyzed using 
colorimeter, from equatorial portion of each berry, five berries for each replicate.  
 Lightness values may range from 0 (black) to 100 (white).  
 Chroma indicates the purity or intensity of color, the distance from gray (achromatic) toward a 

pure chromatic color where, the purity of color increases with chroma. 
 Hue refers to the color wheel and is measured in angles.  

 
The color index for red grapes (CIRG) was then described using the formula:  

CIRG = [(180 - h°) / (L* + C*)] (Cantín et al., 2007). 
 
3. Correlation Coefficient Analysis: 
a- Correlation between anthocyanin and hue angle 
b- Correlation between Total sugar and TSS 
 
Statistical analysis:  
 This experiment was designed as randomized complete block; the statistical analysis of the 
present data was carried out according to Snedecor and Chocran (1980). Averages were compared 
using the new L.S.D. values at 5% level. 
 
Results and Discussion 
 
1. Physical characteristic of Berries 
 
a- Berry weight 

It is clear from the data in Table (1) that application low concentration of ABA and GTE alone 
or combined with other did not affect significantly the fresh berry weight during the 2016 and 2017 
seasons, but the high concentration of ABA and GTE increase berry weight with 1-4 % compared 
with control treatment, but not significantly. These results are in harmony with those obtained by 
Peppi et al., (2006) who found that abscisic acid had few effects on berry weight. ABA in 
combination with GTE has lower effects on the berry weight, but the ABA combined with the GTE at 
higher rates improve the berry weight, this result may be due to the uptake of both water and sugar 
and the increment in endogenous levels of ABA. Similar results were stated by Peppi et al., (2007) 
and, Leng et al., (2014) who showed that abscisic acid may regulate berry composition rather than 
fruit growth.  
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b- Berry firmness 
As shown in table (1), all treatments improved berry firmness. Using of ABA alone in 200 and 

400 increased the berry firmness (411.1 and 469.3 g/cm2) respectively over control in the first season, 
and the same trends in the second season. Compared to control, ABA at rate 400 mg/L combined with 
GTE at 6g/L had the best values 490.0 and 496.1(g/cm2) followed by ABA 400 mg/L+ GTE 4g/L had 
values 489.1 and 493.0 (g/cm2) with not significant differences between them during 2016 and 2017 
respectively. Our results are in agreement with those obtained by Brummell and Harpster, (2001) and 
Goulao, (2010) who found that changes in pectin and hemicelluloses in primary cell wall 
polysaccharides have been suggested as the primary causes for texture changes that resulted in a 
decrease of firmness. However, the GTE is contains polysaccharides that involved in hemicelluloses 
and pectic polysaccharides in primary cell wall structure, that increase berry firmness.  
 In addition, the increasing of the berry firmness is strongly associated with the turgor pressure  
of mesocarp cells, as described by Thomas et al., (2008); Wada et al., (2008) and Matthews et al., 
(2009). Also, Castellarin et al., (2016), revealed that ABA contributes to the physiological 
modifications, such as cell turgor and elasticity.  
 
2. Chemical characteristic of Berries 

 
a- Phenols: 

As shown in the Table (1) the best results were obtained under ABA at rate of 400 mg/L + GTE  
at rate of 4g/L which increased the total phenols (65.70 and 65.88 mg/g) in both seasons respectively. 
The treatments provide the best color to the clusters of ‘Red Globe grape cultivar’, besides the total 
phenolic compounds, showing that the more intense the color of berries, the higher the content of 
phenolic compounds. Therefore, the grape color becomes more interesting for consumption, for 
showing functional characteristic. These findings coincide with the observations of Abada (2011); 
Ferrero et al. (2018); Neto et al. (2017) and Ramírez et al. (2018). Berries treated with ABA at rate of 
400 mg/L + GTE  at rate of 4g/L had greater values of phenols contents approximately 
21.6%compared to the control in both seasons.The physiological basis for ABA activity enhanced the 
accumulation of mRNA of several genes involved in phenols as described by (Jeong et al. 2004; 
koyama et al., 2018). Moreover, treatment of red grapes with catechins found in GTE enhanced the 
phenol accumulation as reported by Ghasemifar and Saeidian, (2014). 
 
Table 1: Influence of Abscisic acid (ABA) and Green tea extract (GTE) on Berry weight, Firmness, 

total phenols and anthocyanin of Red Globe grape vine during the two successive seasons 
2016 and 2017. 

Treatments 

Berry weight 

(g) 

Firmness 

(g/cm2) 

Total phenols 

(mg/g F.W) 

Total 

anthocyanin 

(mg/100g F.W) 

2016 2017 2016 2017 2016 2017 2016 2017 

Control 11.68 11.72 391.1 392.0 54.05 54.16 219.6 223.5 

ABA (200mg/L) 11.81 11.84 411.1 418.0 56.91 57.18 242.6 248.5 

ABA (400mg/L) 12.06 12.12 469.3 471.1 63.00 63.10 268.1 276.3 

GTE at 2g/L 11.71 11.74 399.7 402.5 55.94 56.61 223.4 229.3 

GTE at 4g/L 11.74 11.77 403.6 408.0 56.72 57.03 234.7 241.4 

GTE at 6g/L 11.79 11.81 407.1 413.5 56.19 56.89 227.0 235.1 

ABA (200mg/L)+GTE (2g/L) 11.84 11.92 437.0 437.1 59.65 59.52 250.1 251.0 

ABA (200mg/L)+GTE (4g/L) 11.90 12.00 440.3 443.5 61.73 61.66 251.2 254.0 

ABA (200mg/L)+GTE (6g/L) 12.03 12.05 442.6 449.4 62.04 62.14 255.8 257.3 

ABA (400 mg/L)+GTE (2g/L) 12.12 12.10 476.0 473.8 63.06 64.00 284.4 283.1 

ABA (400 mg/L)+GTE (4g/L) 12.20 12.18 489.1 493.0 65.70 65.88 303.5 309.0 

ABA (400 mg/L)+GTE (6g/L) 12.19 12.22 490.0 496.1 64.17 65.63 300.1 302.2 

New LSD 5 % N.S. N.S. 7.6 8.0 1.00 1.01 3.3 4.2 
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b- Anthocyanin: 
As shown in the Table (1) there was significant effect for the anthocyanin concentration of 

berries of ‘Red Globe’, which, was influenced by the application of, ABA combined with GTE in 
both seasons. Berries treated with ABA at rate of 400 mg/L + GTE  4g/L  had greater values of 
anthocyanin content approximately (303.5 and 309.0 mg/100g F.W.) compared to untreated  treatment 
which had the least values of anthocyanin content (219.6 and 223.5 mg/100g F.W) in both seasons 
,respectively. The promotion of anthocyanin was correlated with increasing both concentrations of 
ABA and GTE in the two seasons. These results are in concordance with those obtained by Boselli et 
al. (2004) who stated that ABA could increase the anthocyanin content in grape skin and application 
of ABA might greatly enhance the color property of grapes. It was also reported that Abscisic acid 
hastens the initiation of sugar accumulation, by stimulating the uptake and storage of sugars by berries 
(Davies and Böttcher, 2009). Interestingly, Gambetta et al. (2010); Dai et al. (2014) and Castellarin et 
al. (2016) found that anthocyanin biosynthesis in grape berries requires increases in sugar 
concentration. Furthermore, the role of the ABA in the accumulation of the total anthocyanins by its 
increase accumulation sugars in grape berry. Moreover, treatment of red grapes with catechins found 
in GTE can be stabilized and enhanced anthocyanins as reported by Ghasemifar and Saeidian, (2014). 

 
c- Soluble solids content (T.S.S %), Total sugars, Acidity %, and TSS/acid ratio (%): 
 As shown in Table (2), all treatments increased T.S.S, T.S.S /Acidity, total sugars and reducing 
total acidity % comparing with the control berries. The combination of the ABA at 400 mg/L and 
GTE at 6g/L significantly increased T.S.S (17.86 and 17.92%) compared to the controls (15.13 and 
15.15) respectively in the two growing seasons. Whereas the highest relative increasing in total sugars 
( 15.76 and 16.27 % ) and T.S.S / acidity (33.99 and 34.91) were obtained under ABA at rate of 400 
mg/L + GTE  at rate of 4g/L with not significant differences between the ABA at rate of 400 mg/L + 
GTE  at rate of 6g/L treatment in both seasons, respectively. Our data of this study corroborate the 
findings of The underlying mechanism of ABA in the accumulation of sugars in grape berry by it was 
induced GSK3 protein kinase that increases the transcript abundance of several monosaccharide 
transporters and the soluble sugar content of grape cells. Where, the rate of glucose uptake was 
increased 3- to 5-fold (Lecourieux et al., 2010). However, Murcia, (2016) suggested that ABA 
stimulate sugar transport to berries and stems due to build-up of non-structural carbohydrates in 
leaves, modifications in phloem tissue and modulation in gene expression of sugar transporters. 
 
Table 2: Influence of Abscisic acid (ABA) and Green tea extract (GTE) on TSS, Acidity, 

TSS/Acidity and total sugars of Red Globe grapevine during two successive seasons 2016 
and 2017. 

Treatments 

T.S.S 

(%) 

Acidity 

(%) 

T.S.S /Acid  

Ratio 

Total sugars 

(%) 

2016 2017 2016 2017 2016 2017 2016 2017 

Control 15.13 15.15 0.627 0.618 24.13 24.51 13.43 13.61 

ABA (200mg/L) 16.51 16.62 0.582 0.561 28.37 29.63 13.72 14.28 

ABA (400mg/L) 17.73 17.79 0.553 0.532 32.06 33.44 15.11 15.66 

GTE at 2g/L 16.09 16.14 0.614 0.602 26.21 26.81 13.57 13.94 

GTE at 4g/L 16.24 16.31 0.603 0.584 26.93 27.93 13.59 14.17 

GTE at 6g/L 16.37 16.53 0.607 0.591 26.97 27.97 13.60 14.03 

ABA (200mg/L)+GTE (2g/L) 16.78 16.77 0.561 0.552 29.91 30.38 14.32 14.83 

ABA (200mg/L)+GTE (4g/L) 16.93 16.94 0.572 0.542 29.60 31.25 14.51 15.08 

ABA (200mg/L)+GTE (6g/L) 16.82 17.01 0.571 0.552 29.46 30.82 14.62 15.13 

ABA (400 mg/L)+GTE (2g/L) 17.79 17.79 0.551 0.532 32.29 33.44 15.35 15.96 

ABA (400 mg/L)+GTE (4g/L) 17.81 17.84 0.524 0.511 33.99 34.91 15.79 16.27 

ABA (400 mg/L)+GTE (6g/L) 17.86 17.92 0.526 0.514 33.95 34.86 15.76 16.20 

New LSD 5 % 0.02 0.04 0.012 0.015 0.04 0.04 0.13 0.17 
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d- Berry color: 
 As shown in the Table (3), all treatments decreased significantly the Lightness (L*), Chroma 
(C*) and Hue angle (hº) which led to increasing the red color of grape skin compared to the 
untreated berries. It was found that the treatments with the application of ABA +GTE, independent of 
the concentration, showed lower values for the luminosity, indicating that the berries of ‘Red Globe’ 
grape submitted to these treatments presented darker color. It was observed a higher average of L* for 
the control, indicating that control berries (not treated) presented lower color intensity compared to 
treated ones, i.e. showed tendency to green color, undesirable characteristic for the grape ‘Red Globe’ 
grape. So that berries treated with GTE and ABA were darker and redder colored Compared to control 
treatment as recorded the highest significant value of skin hue angle. In relation to the variable 
hue angle (hº), significant variation was obtained, whereas the highest value was reached with the 
application of ABA at rate 400 mg/L combined with GTE at 4mg/L during 2016 and 2017 
respectively. Furthermore, based on this index, Carreno et al (1996) reported that the grape berries 
were classified into five categories: green-yellow (CIRG <2); pink (2 < CIRG<4); red (4 < CIRG<5); 
dark red (5 < CIRG<6); and blue-black (CIRG >6). So, Based on the CIRG index, the ABA in low 
concentration or untreated berries were classified as pink (2 < CIRG<4) and the berries of treated with 
ABA at high concentration alone or combined with GTE as red (4 < CIRG<5) at harvest, and this a 
good color for the red grapes such as Red Globe grapevines. Application on ABA combined with 
GTE was significantly higher in enhancing berry color characteristics. This may be due to increasing 
GTE and ABA concentrations, increased anthocyanin accumulation, which was also improving color 
berry parameters. Similar results were found by Amiri et al. (2010) and Ferrara et al. (2013) who 
stated that berry color characteristics are correlated to anthocyanin in the berry skin, which increase it 
due to its accumulation by the application of ABA with GTE.  
    
Table 3: Influence of Abscisic acid (ABA) and Green tea extract (GTE) on Lightness (L*), chroma 

(C*), hue angle (h º) and CIRG of Red Globe grapevine. 

Treatments 
L* C* hº CIRG 

2016 2017 2016 2017 2016 2017 2016 2017 

Control 34.67 33.97 11.52 11.13 14.91 15.54 3.57 3.63 

ABA (200mg/L) 32.60 32.34 9.70 10.34 13.31 11.74 3.94 3.94 

ABA (400mg/L) 30.48 30.21 9.28 9.17 11.32 11.27 4.24 4.28 

GTE at 2g/L 32.94 32.89 10.87 10.07 12.45 13.87 3.82 3.87 

GTE at 4g/L 32.74 32.71 9.78 10.43 13.54 11.93 3.91 3.90 

GTE at 6g/L 32.81 32.79 9.92 10.50 13.69 12.07 3.89 3.88 

ABA (200mg/L)+GTE (2g/L) 31.64 32.45 9.45 9.66 12.03 13.21 4.09 3.96 

ABA (200mg/L)+GTE (4g/L) 31.92 30.68 9.26 9.22 12.13 11.54 4.08 4.22 

ABA (200mg/L)+GTE (6g/L) 31.34 31.27 9.00 9.30 12.34 11.61 4.16 4.15 

ABA (400 mg/L)+GTE (2g/L) 30.54 29.74 8.91 8.61 11.23 11.29 4.28 4.40 

ABA (400 mg/L)+GTE (4g/L) 29.10 29.05 8.60 8.58 11.25 11.12 4.48 4.49 

ABA (400 mg/L)+GTE (6g/L) 29.55 29.96 8.85 8.36 10.49 11.25 4.41 4.40 

New LSD 5 % 0.44 0.47 0.20 0.21 0.08 0.04 0.07 0.08 

 Lightness (L*), Chroma (C*), Hue angle (hº) and Color index (CIRG) 

 
3. Correlation Coefficient Analysis: 

 
a- Correlation between anthocyanin and hue angle: 

The anthocyanin presented positive correlation with color index (CIRG); The color index of red 
grapes was determined through the formula: CIRG = [(180 - hº) / (L* + C*)], by evaluating the 
variables of the equatorial portion of the berries: L* (luminosity), C* (saturation) and h° (hue angle) 
the treatments showed negative correlation with hº, L* and saturation (C*) and with positive 
correlation with CIRG. The fact of the anthocyanin has presented correlation with the attributes of 
color, can be inferred that the colored grapes present larger concentrations of anthocyanin. Results in 
fig (1) for correlation analysis indicate that the relation between anthocyanin and hue angle was 
highly significant with the correlation coefficient (r) equal (0.9713 and 0.9286) in both seasons 
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respectively, which mean that the relation was very power. The use of ABA alone or with GTE 
improved the accumulation of the anthocyanin totals of berries ‘Red Clobe’ grape. Thus, the use of 
ABA+GTE  is a promising alternative that implies in the increment of the commercial value of the 
table grape, causing greater acceptance by consumers, since these are attracted by the appearance of 
the berry red color of Red Globe grape berries (Neto et al., 2017). 
 
b- Correlation between Total sugar and TSS: 

Correlation analysis in Fig (2), verified that the levels of Total soluble solids (TSS) presented 
positive correlation with Total sugar. The correlation coefficient (r) between the two characters was     
( 0.9308 and 0.9536 ) in two seasons respectively, which, indicate that the total sugars were more 
effective in the total variation of TSS . However, in earlier stages of development, there are other 
soluble compounds, such as organic acids, that affect the TSS. At harvest, the total sugars account for 
more than 90% of TSS, measured by a refractometer. This result confirms the importance of using 
this parameter as a sugar content indicator and a harvesting index (Shiraishi et al., 2010).  

 

 
Fig. 1: Relationship between berry skin color (H) and total anthocyanins (mg/100g)of berry skin.  

 
Fig. 2: Relation between total sugars (%) and TSS (%) of berry juice 
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Conclusion 

 It is revealed from the present study that the application of Abscisic acid and/or Green Tea 
Extract caused slight effects on the Berry weight. However, it significantly improved the berries 
quality attributes such as firmness, berry color, T.S.S, T.S.S / acidity ratio, the total anthocyanin and 
phenolic compounds. Eventually, it is recommended to apply 400 mg / L of Abscisic acid combined 
with 4 mg / L Green tea extract, twice at two weeks post-veraison stage and when 75% of the berries 
showed color development in order to obtain the best results. These treatments would therefore 
promote earlier harvests, lower costs by reducing the number of harvests, and decrease losses due to 
climatic conditions. 
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