
213 
Research Journal of Agriculture and Biological Sciences, 8(2): 213-223, 2012 
ISSN 1816-1561 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLES 

 

Corresponding Author: Dr. Karim M. Farag. Department of Horticulture, Faculty of Agriculture, Damanhour University, 
P.O. Box 22516, Damanhour, Egypt.    

 E-mail: Karimmfarag@hotmail.com. 

Enhancing Coloration And Quality Of "Crimson" Seedless Grape Berries Cultivare By 
Preharvest Applications Of Natural Phenolic Compounds. 
 
Karim M. Farag; Amr M. Haikal; Neven M.N. Nagy and Yasmine S. Hezema. 
 
Horticulture Department, Faculty of Agriculture, Damanhour University, P.O. BOX 22516, Damanhour,  
Egypt. 
  
ABSTRACT 
 

Phenolic compounds are part of the synthetic pathway of anthocyanins. Thus, this research was conducted to 
investigate the effect some of these compounds on enhancing coloration of "Crimson" seedless grapes.  This study was 
conducted during two successive seasons 2009 and 2010 by using "Crimson" seedless table grapes. Vines were grown at 
Bader district, Beheira, Egypt.  Vines were sprayed in two application times with a hand sprayer to the run off. The 
treatments included water as the control, p- coumaric acid at 500, 1000 ppm; benzoic acid at 500, 1000 ppm and all 
applied at veraison, while the second application followed first one by five days. The non-ionic surfactant Tween-80 was 
added to all treatments at 0.05% (v/v). It was found that, non of the treatments affected physical characteristics 
such as berry weight, berry size, juice volume, berry diameter and length. However, all treatments resulted in a 
significant reduction of green berries percentage and acidity compared with the control. Using coumaric acid in both 
concentrations caused a reduction of chlorophyll a, b contents in berries skin, were the best in increasing red berries 
percentage, the intensity of carotene, TSS and TSS/ acidity ratio. Coumaric acid at 1000 ppm resulted in the highest 
anthocyanin content compared with control. 

  
Key words: "Crimson'' seedless, Table grapes, phenolic compounds, p-coumaric acid, benzoic acid, 
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Introduction 

 
Phenolic compounds such as "Para-coumaric" acid is part of the synthetic pathway of anthocyanins, the 

main phenolic subclasses in fruits are phenolic acids (hydroxybenzoic and hydroxycinnamic acids), coumarins, 
flavonoids and hydrolysable and condensed tannins (Macheix et al., 1990; Bravo, 1998 and Hounsome et al., 
2008).  

Para-coumaric acid plays an important role in anthocyanin biosynthesis pathway, it converts to p-coumaryl-
co A which converted through many steps in the presence of some enzymes to anthocyanin compound (Mattivi 
et al., 2006).  Meanwhile, benzoic acid converted to salicylic acid which was found to induce the expression of 
the genes encoding phenylalanine ammonia-lyase (PAL) in grape berries. PAL is a crucial enzyme for 
phenylpropanoid metabolism, catalyzing the formation of trans-cinnamic acid. Thus, it may indirectly stimulate 
anthocyanin biosynthesis (Wen et al., 2005). 

Anthocyanins are colored pigments, thus the manipulation of anthocyanin production in grapes, is 
potentially a mean of influencing the visual perception of color in the fruit. Various reasons for inferior color 
development in table grapes have been reported for the conditions prevalent in Egypt, such as high temperatures 
(Mori et al., 2005 and Yahuaca et al., 2006) and vigorous growth with dense, shaded canopies (Smart et al., 
1988 and Hunter et al., 1991).  Applications of the plant growth regulators (PGRs) gibberellic acid (GA3) and 
forchlorfenuron (CPPU), which may be needed to increase berry size, can further inhibit coloring (Dokoozlian 
et al., 1994). 

Research has shown that "Crimson" Seedless has one of the lowest reported average concentration of 
anthocyanins (mg/kg of fresh weight) in seven studied cultivars, it was also shown that "Crimson" seedless had 
the highest amount and proportion of acylated anthocyanins (Cantos et al., 2002). Nearly 66% of the measured 
anthocyanin of "Crimson" seedless is peonidin-3-glucoside (Pn-gluc), followed by cyanidin-3-glucoside  (Cn-
gluc).  

"Crimson" seedless (Vitis vinifera L.) grape is a late season, attractive, crisp and high sugar content red 
seedless grape cultivar. In Egypt, it is one of the important adopted cultivars.  (Passingham, 2004).  Another 
reason for its popularity could be that "Crimson" Seedless is not susceptible to berry crack thus allowing for a 
longer ripening period; and fruit kept in cold storage tends to remain in good condition (Human, 2010). 
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However, some of the main problems associated with the production of "Crimson" seedless are related to its 
lack of adequate color intensity and uniformity and size.  

Grape as one of the most economically important fruit crops in the world, has been classified as non-
climacteric (Coombe and Hale, 1973). Grape berry development may be divided into two major stages of 
growth, separated by a lag phase (Coombe, 1976).  Berries accumulate organic acids but little sugar during stage 
I, and remain green and hard. Stage II is referred to as the lag phase of development, as berry growth slows. 
Rapid berry growth, as a result of cell enlargement, resumes with the initiation of stage III. During stage III 
sugar and color accumulate rapidly, and the concentration of organic acids declines. Moreover, grapes producers 
have been searching for an alternative to the growth regulator, Ethrel (ethephon) since its performance is not 
consistent when applied to colored grape berries.  

Thus the objectives of this research were: 
1- To investigate the effect of some phenolic compounds on grapes coloration. 
2- To provide "Crimson" seedless producers with new-applicable treatments to improve berries density 

and uniformity which reflects on profitability. 
 

Materials And Methods 
 
The present study was conducted during the two successive seasons 2009 and 2010 on 10-year-old "Crimson" 

Seedless grapevines (vitis vinifera L.), grown under drip irrigation system and trained to cane pruning in a private orchard 
at Bader district, Beheira governorate, Egypt.  The vines received the treatment at two application times, the first 
application time was at veraison (23, 2 July during 2009 and 2010, respectively), while the second application followed 
the first spray by five days.  Vines were sprayed to the run off using a hand sprayer. Vines were randomly assigned to 
receive one of five treatments; water as the control, p- coumaric acid at 500 ppm, p-coumaric acid at 1000 ppm, benzoic 
acid at 500 ppm, and benzoic acid at 1000 ppm.  The non-ionic surfactant Tween 80 at 0.05% (v/ v) was added to all 
treatments to reduce the surface tension and to increase the contact angle of sprayed droplets. 

Treatments were arranged in a spilt plot experiment in complete randomized design. Four replications were used for 
each treatment and one vine represented one replication, thus twenty vines  were employed in this study in two seasons.  
Random samples were collected from each vine to monitor the changes in physical and chemical characteristics. 

The fruit parameters were measured directly after the two harvest times, the first harvest was after the second spray 
by 5 days while the second harvest time was after the first one by ten days (12 August , 22 July during 2009 and 2010, 
respectively). 

 
1. Fruit Quality Parameters: 
 
A. Physical Characteristics:  

 
Berry size (cm3), Juice volume (cm3) and Berry weight (gm) the average of this parameters were measured from 100 

berries of each replication in first harvest and 200 berries in second harvest. Berry dimensions: Fruit length (mm) and 
fruit diameter (mm) were measured using a Vernier caliper. The percentage of red, pink and green berries were 
determined by dividing the weight of each one on the total weight. 

 
 B. Chemical Constituents:  

 
Chlorophylls a, b and Beta-Carotene were determined according to Witermans and Mats, 1965 as follows: half gram 

of fresh peel was extracted by about 15 ml of 85% acetone and 0.5 g calcium carbonate, the mixture was filtered through 
a piece of cotton (or cheese cloth) by using a glass funnel and the residue was washed with a small volume of acetone 
and brought up to 25 ml. The optical density of a constant volume of filtrate was measured at a wave length of 662 nm, 
for chlorophyll A, 644 nm, for chlorophyll B and 440 nm, for Carotene using spectrophotometer. 

The following equations were used:- 
Chl.A=9.784 E.662 – 0.99 E.644 = mg/ L. 
Chl.B=21.426 E.644 – 4.65 E662 = mg/ L. 
Carotene=[(4.695*E.440)] – [0.268*(Chl.A+Chl.B)]= mg/ L 
Where, E. =Optical density at the indicated wave length. 
Anthocyanin was determined according to the method of Fuleki and Francis, 1968 as follow: 4 grams of fresh peel, 

was extracted by using 20 ml of the extraction solution (85% (V/ V) ethyl alcohol 95% + 15% (V/V) HCl 1.5N), the 
mixture was left for the extraction of anthocyanin for 2 weeks, 2 ml of the filtrate was used to determine the optical 
density at 535 nm, using spectrophotometer. The blank was just the above used extraction solution  

Total sugars were determined by using the phenol sulfuric acid method (Smith, 1956), and the concentration was 
calculated from a standard curve of glucose (mg. per gm. fresh weight of fruit tissue). Reducing sugars were determined 
according to Lane and Eynon colorimetric method as described by Egan et al., 1981. Non-raducing sugars calculated as 
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(total sugars - reducing sugars).  TSS% was determined in grape berries juice using a hand refractometer. The 
acidity was estimated as tartaric acid using five milliliters of the fruit juice of each fruit sample and titrated with sodium 
hydroxide solution of a known normality using phenolphthalein as an indicator (A.O.A.C., 1985). The results of these 
titrations were converted to percent of titratable acidity using the following equation: 

Percent of titratable acidity = {N.NaoH × ml.NaOH × 0.075* ×100}/ mL. Juice used 
*0.075=Millequivalent weight of tartaric acid.   *N= normality   
TSS / Acidity was calculated as a ratio between TSS (%) and acidity (%).  Vitamin C was determined by titration 

with (2,6 dichlorophenyl indophenol) on 5ml of fresh juice using acidic indicator (Egan et al., 1987).    
 

2. Statistical Analysis:  
 
Data were analyzed as a spilt plot arrangement in a complete randomized design with four replicates. 

Comparisons among means were made via the Least Significant Differences (LSD) according to Sendecor and 
Cochran, 1980. The data were analyzed using SAS program (SAS, 2000). 

 
Results And Discussion 

 
A. The Treatment Factor: 
 
A.1. Physical Characteristics: 

 
The data in Table 1 , reported the changes in the size of 100 berries as an indication to berry size.  The data 

revealed that both used concentrations of p-coumaric acid did not alter this size as compared with control in 
both seasons.  Similar trend was obtained with the applications of benzoic acid at 500 ppm.  Meanwhile, there 
was a significant increase in berry size relative to the control when benzoic acid was applied at 1000 ppm in the 
first season and tended to result in a larger size in the second season but in a non-significant trend.  In general, 
the application of benzoic acid did not result in a significant alteration in berry size as compared with the 
application of coumaric acid except in the first season where benzoic acid at 1000 ppm which caused a 
significant increase in berry size as compared with those treated with coumaric acid at both concentrations.  The 
trend of these results in treated berries with coumaric acid was in line with that found by El-Abd, 2011. 

The response of juice volume in “Crimson” seedless berries to various applied treatments was reported in 
Table 1. In the first season, all treated berries (whether with coumaric or benzoic) had significantly more juice 
volume than the control.  However, that was not the case in the second season since this volume did not 
significantly differ among all treatments and control. Thus, no consistent trend could be concluded regarding 
this property when the two seasons were compared. 

Berry weight data of “Crimson” seedless grapes were also reported in Table 1.  The data revealed that the 
consistent alteration in berry weight was found with the application of benzoic acid at 500 ppm since it caused 
an increase of such weight in both seasons.  However, raising the concentration of benzoic acid to 1000 ppm had 
an adverse effect on berry weight since it was not different from that of the control.  On the other hand, 
coumaric acid treated berries did not consistently differ from that of the control in both seasons.  Even the two 
used concentrations of coumaric acid (500, 1000 ppm) did not vary from each other in their influence on berry 
weight in both seasons.  Results of berries weight in treated berries with coumaric acid, were in line with that 
found by El-Abd, 2011.  

Changes in berry diameter as influenced by various treatments, regardless the time factor, were shown in 
Table 1. The results revealed that coumaric acid at 500 or 1000 ppm did not significantly affect in fruit diameter 
as compared with the control in both seasons.  Similar trend was obtained with benzoic acid-treated berries at 
500 or 1000 ppm compared with the control.  Results of berry diameter in treated berries with coumaric acid 
obtained in this study were in line with that found by El-Abd, 2011.  

Data of berry length of "Crimson" seedless grape as influenced by various treatments was reported in Table 
1. The data indicated that the increase in berry length by any treatment was not significant as compared with 
control in the first season.  However, that was not the case in the second season since there was a significant 
increase in berry length with the application of benzoic acid at 500 ppm compared to the application of benzoic 
acid and coumaric acid at 1000 ppm, meanwhile, this increase was not significant compared to the control and 
the application with coumaric acid at 500 ppm.  There were also non-significant changes in berry length in all 
treatments except treated berries with benzoic acid at 500 ppm.  Results of berry length in treated berries with 
coumaric acid were in line with that found by El-Abd, 2011.  

The response of red berries percentage in “Crimson” seedless berries to various applied treatments was 
reported in Table 1.  In the first season, all treated berries (whether with coumaric or benzoic) had significantly 
increased red berries percentage compared to control and similar result was found in the second season.  Treated 
berries with coumaric acid at 1000 ppm was the highest significant treatment compared to coumaric acid at 500 
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ppm and benzoic acid in both concentrations (500-1000 ppm) in the first season, the same result was found in 
the second season except there was not significant increase in the application with coumaric acid in both 
concentrations but the application of coumaric acid in both concentrations still the highest significant treatments 
compared to all other treatments. 

Data of pink berries percentage as affected by various treatments in both seasons is shown in Table 1. The 
data in the first season indicated that treated berries with coumaric at 500 ppm and benzoic acid at 500 – 1000 
ppm had a significant increase in the percentage of pink berries compared to control and application with 
coumaric acid at 1000 ppm which had no significant changes between them.  However, in the second season, 
there was significant increase in pink berries in control compared to all treatments, the treated berries with 
benzoic at 500 -1000 ppm had no significant difference  but both  concentrations of benzoic acid had a 
significant increase in pink berries percentage compared to treated berries with coumaric acid at 500 – 1000 
ppm. 

Data of green berries percentage of "Crimson" as influenced by various treatments was reported in Table 1. 
The data revealed that the control clusters had significantly greater green berries percentage than all treated 
berries in both seasons.  The data also, indicated that treated berries with coumaric acid in both concentrations 
had lowest green berries percentage compared to control and both benzoic acid concentrations.   Meanwhile 
treated berries with benzoic acid in both concentrations had significantly lower green berries than the control.  
While treated berries with benzoic acid at 1000 ppm had significantly lower green berries percentage than 
treated berries with benzoic acid at 500 ppm.  Similar results were noticed in the second season. 

 
A.2.Chemical Characteristics: 

 
With regard the influence of various used treatments on chlorophyll a content in the skin of “Crimson” 

berries at harvest, the data in Table 2 indicated that coumaric acid at 500 ppm caused a significant reduction in 
chlorophyll a as compared to the control in both seasons.  However, by increasing coumaric acid to 1000 ppm, 
no parallel reduction in chlorophyll a was obtained but statically there was no significant difference in such 
property when the two concentrations were compared.  Meanwhile, the application of benzoic acid either at 500 
ppm or 1000 ppm influenced the content of chlorophyll a only in the first season without considerable 
differences in the second season.  Furthermore, there was no added advantage from increasing benzoic acid 
concentration from 500 to 1000 ppm in terms of their effect on chlorophyll a content.  

The effect of used phenolic compound on chlorophyll b content in berry skin was reported in Table 2.  The 
data proved that such content tended to be reduced by coumaric acid at 500 ppm as compared with control 
especially in the first season.  However, by increasing coumaric acid concentration to 1000 ppm, the magnitude 
of the reduction in chlorophyll b, was not remarkable but still chlorophyll b was much lower than that found in 
the control berries in a consistent manner in both seasons.  Meanwhile, benzoic acid treated berries had lower 
content of chlorophyll b only in the first season than that of the control, even in the second season, the content of 
chlorophyll b tended to be lower than that of the control.  

In conclusion, no remarkable differences in such character could be documented between coumaric acid 
and benzoic acid concentrations. The obtained chlorophyll a and b trends agreed with the findings of other 
researchers such as El-Abd, 2011. 

Changes in carotene content in berry skin of “Crimson” seedless grapes in response to applied treatments 
were reported in Table 2. It was evident that coumaric acid at 500 ppm was able to increase carotene in a 
significant manner as compared with the control in both seasons.  However, there was no significant difference 
between both used coumaric acid concentrations in both seasons.  This, could be explained on the basis that 
coumaric acid at 500 ppm might have exerted its maximum potential to enhance carotene formation under these 
conditions.  On the other hand, neither benzoic acid at 500 ppm nor at 1000 ppm was able to stimulate carotene 
formation relative to the control.  It could be noticed that benzoic acid at 1000 ppm resulted in significantly 
lower carotene than the obtained with coumaric acid at the same concentration in a consistent trend in both 
seasons.  The above results were in agreement with the finding of El-Abd, 2011. 

The influence of various applied phenolic compounds on anthocyanin content in “Crimson” seedless grapes 
was reported in Table 2.  The data indicated that there was a significant increase in anthocyanin content either 
by coumaric acid at 500 ppm or 1000 ppm as compared with the control. Meanwhile, increasing the 
concentration of coumaric acid to 1000 ppm consequently led to a considerable increase in anthocyanin content 
but not necessarily doubled. In addition, benzoic acid spray at 500 ppm was able to enhance anthocyanin 
formation relative to the control.  However, by increasing the concentration of benzoic acid to 1000 ppm, no 
further increase was obtained in such pigment in both seasons.  Thus, the highest effectiveness on increasing 
anthocyanin content among all treatments was achieved with using coumaric acid at 1000 ppm in a consistent 
manner.  Aforementioned results, agreed with the findings of others such as El-Abd, 2011. 

The reported positive influence of p-coumaric acid on anthocyanin formation could be attributed to 
enhancing the biosynthesis of such pigment since coumaric acid is one of the important building blocks toward 
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the biosynthesis of anthocyanin (Gross et al., 1971).  The conversion of cinnamic acid to p-coumaric acid is 
catalysed by the enzyme cinnamate-4-hydroxylas (Ebel and Hahlbroch, 1982).The promotive influence of 
benzoic acid to the biosynthsis of anthocyanin could be explained on the basis that there is an inter conversion 
among phenolic compounds which might led to the formation of coumaric acid.       

The response of total sugars in "Crimson" seedless grape to various treatments was reported in Table 2. The 
data provided evidence that there was a significant increase in total sugars by coumaric acid applied at 500 ppm 
relative to the control in the first season.   

There was no significant difference in total sugars as a result of increasing coumaric acid concentration 
from 500 ppm to 1000 ppm. Meanwhile, benzoic acid spray at either 500 or 1000 ppm led to an increase of total 
sugars compared to the control.  There was a general trend of increasing total sugars in the second season but in 
non significant manner with all treatments compared to control.  These above results were in agreement with the 
finding of El-Abd, 2011. It was reported that the accumulation of sugars in grapes proceeding the rise in 
anthocyanin content, thus a strong correlation is found between the accumulation of certain amount of sugars in 
the berries and formation of anthocyanin (Pirrie and Mullins, 1976; 1977 and 1980).    

Berries content of reducing sugars as influenced by various treatments was reported in Table 2. The data 
indicated that, reducing sugars content in treated berries with coumaric acid either at 500 ppm or at 1000 ppm 
significantly decreased compared to control in both season.  On the other hand, the application with benzoic acid 
at 500 ppm had no significant change with the control in the first season.  However, there was a significant 
reduction in reducing sugars in the same treatment in the second season.  Meanwhile, there was no significant 
change in treated berries with benzoic acid at 1000 ppm relative to control in both seasons. These above results 
were in agreement with the finding of El-Abd, 2011. Furthermore, it has been found that the percentage of sugar 
has a triggering effect on anthocyanin accumulation (Thiman et al., 1951; Pirrie and Mullins, 1976). Thus, the 
reduction of reducing sugars in grape berries could be related to the increase in anthocyanins found by some 
treatments such as coumaric acid.   

The data concerning the effect of various treatments on non-reducing sugars was reported in Table 2.  The 
data revealed that coumaric acid at 500  or 1000 ppm was able to increase non-reducing sugars in a significant 
manner as compared with the control in both seasons except with coumaric acid at 500 ppm in the second 
season.  However, there was no significant difference between both used coumaric acid concentrations in both 
seasons. On the other hand, both benzoic acid concentrations either at 500 ppm or at 1000 ppm were not able to 
increase non-reducing sugars content relative to the control except with benzoic acid at 500 ppm in the second 
season.  The above results were in agreement with the finding of El-Abd, 2011. The above findings could be 
explained on the basis that non-reducing sugars are not the dominant in grape berries and might not directly 
related to the formation of anthocyanin pigment as was the case with reducing sugars. 

The effect of used phenolic compound on total soluble solids (TSS) in grape berry was reported in Table 2.  
The data proved that TSS had significantly increased in treated berries with coumaric acid at either 500 ppm or 
1000 ppm relative to control in both seasons. Meanwhile, treated berries with benzoic acid at 500 ppm 
significantly increased TSS compared to the control in the first season but with a non significant increase in the 
second season. In addition, it was found that benzoic acid treatment at 1000 ppm increased TSS compared to 
control in both seasons. Meanwhile, there was no added advantage from increasing coumaric acid or benzoic 
acid from 500 to 1000 ppm with regard to its influence on TSS percentage in both seasons. This could be due to 
their direct influence on the pathway of anthocyanin biosynthesis rather on altering juice properties.   

Data of juice acidity of "Crimson" seedless grape berries as influenced by various treatments was reported 
in Table 2. The data revealed that there was a significant reduction in juice acidity by coumaric acid treatments 
in both concentrations relative to the control in the first season. However, in the second season, there was a 
significant reduction by coumaric acid at 500 ppm compared with the control while, the application with 
coumaric acid at high concentration 1000 ppm had no significant changes in berries acidity. On the same 
manner, the decrease in acidity was significant in the first season by benzoic acid treatments compared with the 
control.  Furthermore, benzoic acid treatment at 1000 ppm had a significant reduction in juice acidity compared 
with benzoic acid treatment at 500 ppm. Meanwhile, juice acidity was not significantly affected by the 
application of coumaric acid at 1000 ppm when compared with the control in the second season. Similarly, the 
use of benzoic acid at 500 or 1000 ppm gave similar juice acidity to that found in the control fruit in the second 
season. The trend of these results in treated berries with coumaric acid was in line with El-Abd, 2011. In 
general, the response of juice acidity to various applied treatments was not consistent especially in the second 
season.  In spite of applying acids to the berries, it appeared that they were metabolized especially coumaric acid 
which may be attributed to their utilization in the biosynthesis of anthocyanin.  

With regard to the changes in TSS/acidity ratio in the juice of "Crimson" seedless berries as a result of 
various treatments in Table 2, the data showed that, the application of coumaric acid at 500 ppm or 1000 ppm 
resulted in a significant increase in such ratio in both season when compared with the control. Moreover, both 
coumaric acid concentrations had similar effect on TSS to acidity ratio in first season, while, in the second 
season coumaric acid at 500 ppm had higher significant ratio than coumaric acid at 1000 ppm. In similar 
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manner, benzoic acid at either 500 or 1000 ppm caused an increase in TSS/ acidity with no significant difference 
between the influences of the two used concentrations.  Even though benzoic acid at 500 ppm tended to increase 
TSS to acidity ratio in the second season, however such increase was not consistent.  The trend of these results 
in treated berries with coumaric acid was in line with El-Abd, 2011. 

Data of vitamin C as influenced by various treatments to "Crimson" seedless berries was reported in Table 
2. The data revealed that coumaric acid at either 500 ppm or at 1000 ppm significantly increased vitamin C 
content compared with control in the first season. Similar results were found with benzoic acid in both 
concentrations also in the first season. However, there were no significant changes in vitamin C content in the 
berries by using neither benzoic acid nor coumaric acid in both concentrations in the second season. The 
inconsistent trend in vitamin C content between the two seasons might be due to the non-dominent ascorbic acid 
in grape juice as compared with tartaric acid. Another possibility could be that coumaric acid metabolism is not 
directly related to the formation of ascorbic acid. 

 
Table 1: Physical characteristics of "Crimson" seedless grape berries as influenced by some phenolic compounds treatments during the two seasons 2009 and 2010.   

Treatments Berry size** 
(cm3) 

Juice volume** 
(cm3) 

Berry weight** 
(gm) 

Berry diameter 
(cm) 

2009 2010 2009 2010 2009 2010 2009 2010 
Control 316.88 b* 321.25a 223.13c 242.50a 307.35c 355.77b 1.59a 1.65a 

Coumaric acid 500ppm 342.50b 324.38a 248.13b 240.63a 351.90ab 348.75b 1.53a 1.63a

Coumaric acid 1000 ppm 341.25b 327.50a 266.25a 250.63a 384.27a 358.79b 1.55a 1.64a 
Benzoic acid 500 ppm 303.75b 350.00a 258.13ab 232.54a 345.15b 392.29a 1.54a 1.63a 

Benzoic acid 1000 ppm 467.50a 341.88a 244.38b 250.00a 329.20bc 369.00ab 1.54a 1.62a

 
Table 1: Continue 

Treatments Berry length 
(cm) 

Pink berries (%) Red berries 
(%) 

Green berries (%) 

 2009 2010 2009 2010 2009 2010 2009 2010 
Control 2.12a 2.26ab 35.85b 37.93c 0.35c 9.04c 63.81a 53.03a 

Coumaric acid 500ppm 2.16a 2.27ab 60.74a 44.39b 38.45b 55.60a 0.81d 0.00d

Coumaric acid 1000 ppm 2.19a 2.24b 39.52b 32.68c 60.48a 67.30a 0.00d 0.00d 
Benzoic acid 500 ppm 2.10a 2.34a 53.42a 52.96a 27.20b 36.39b 19.38b 10.53b 

Benzoic acid 1000 ppm 2.16a 2.28ab 63.58a 53.51a 27.06b 44.25b 9.36c 2.20c 
*   Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 
** Values per 100 berries. 
 
Table 2: Chemical characteristics of "Crimson" seedless grape berries as influenced by some phenolic compounds treatments during the two seasons, 2009 and 2010. 

Treatments 
Chlorophyll a 

(mg/L) 
Chlorophyll b 

(mg/L) 
Carotene
(mg/L) 

Anthocyanin (mg/ 100gm) 
Total  sugars 

(%) 
Reducing sugars        

(%) 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010

Control 0.65a* 0.47a 0.33a 0.22a 0.86bc 0.74c 12.38c 20.44d 10.74c 10.90a 8.57a 8.90a 
Coumaric  acid 500ppm 0.43bc 0.36b 0.16bc 0.14ab 1.10a 0.85ab 30.17b 24.77b 10.89ab 11.03a 6.93b 8.30b 
Coumaric acid 1000ppm 0.42c 0.36b 0.10c 0.10b 1.22a 0.84a 35.08a 26.82a 10.77bc 10.96a 7.13b 8.20b 

Benzoic acid 500ppm 0.48b 0.43a 0.20b 0.17ab 1.03ab 0.78bc 25.26b 23.33c 10.96a 10.99a 8.08a 8.10b 
Benzoic acid  1000 ppm 0.47bc 0.45a 0.22b 0.22a 0.91b 0.81bc 25.36b 24.32bc 10.97a 11.03a 8.80a 9.05a 

 
Table 2: Continue 

Treatments 
TSS                           
 (%) 

Acidity                      
(%) 

TSS/Acidity 
(Ratio) 

Vitamin. C (mg/100ml 
juice) 

Non-reducing sugars (%) 

 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Control 14.40c 15.78c 0.72a 0.67a 2.17b 2.02c 20.09c 23.96c 2.57b 2.76 a 
Coumaric  acid 500ppm 17.15a 16.65ab 0.59c 0.58b 3.96a 2.25bc 29.05a 29.00a 3.64a 2.89a 
Coumaric acid 1000ppm 16.55ab 17.23a 0.57c 0.65a 3.64a 2.76ab 29.28a 26.50b 3.79 a 2.81 a 
Benzoic acid 500ppm 15.80b 16.00bc 0.65b 0.64a 2.88b 2.88a 24.57b 25.30bc 3.50a 2.71a 
Benzoic acid  1000 ppm 16.13b 16.75ab 0.60c 0.63a 2.23b 1.98c 27.16ab 26.62b 3.71a 2.74a 

* Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 

 
B. The Harvest Number Factor: 

 
B.1. Physical Characteristics: 

 
The time factor effect on berry-physical characteristics was reported in Table 3.  The data revealed that 

there was no significant difference in berry size, berry weight, juice volume between the two harvests except in 
the first season where the second picking caused a significant increase in berry size relative to the first picking.  
Meanwhile, berry diameter was significantly increased between the first and second picking while there were no 
changes in berry length. 

Visual assessment of berry color (red, pink, green) was reported in Table 3.  The data indicated that, the 
percentage of red berries was significantly increased in the second picking relative to the first picking in both 
seasons.  On the other hand, the percentage of pink berries was significantly decreased in the second picking in 
both seasons.  Meanwhile, green berries percentage was significantly decreased in the second picking compared 
with the first picking in the first season, however there were no changes in the second season between the two 
picking times in the percentage of green berries. 

 
B.2. Chemical Characteristics: 

 
The data in Table 4 indicated that, chlorophylls a, b were reduced  by the progress of time, since in the 

second picking the contents of chlorophylls were significantly decreased compared with the first picking in both 
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seasons.  Carotene content in berry skin tended to significantly increase in the second picking compared with 
carotene data in the first picking, this trend of results was consistent in both seasons.  In the second picking the 
contents of anthocyanin were significantly increased compared with the first picking in both seasons. Berries in 
the second picking had significantly higher percentage of total sugars compared with the first picking in both 
seasons.  On the other hand, the non reducing sugars were increased in the first season, however there were no 
changes in the second season. Contradictory, reducing sugars were decreased in the second picking in the first 
season only and no changes in the second season were noticed. The data also indicated that TSS and TSS/acidity 
ratio significantly increased in the second picking in both seasons relative to the first one.  Meanwhile, there was 
a significant reduction in juice acidity in the second picking compared with first picking in the two seasons.  
Moreover, there was no significant difference in vitamin C content in the two times of harvest in both seasons. 

 
Table 3: Physical characteristics of "Crimson" seedless grape berries as influenced by harvest number during the two seasons 2009 and 2010. 

Treatments 
Berry Size** 
(cm3) 

Juice Volume** 
(cm3) 

Berry Weight** 
(gm) 

Berry Diameter 
(cm) 

Berry Length 
(cm) 

Pink  Berries 
(%) 

Red Berries (%) 
Green Berries 
(%) 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 
First 
picking 

313.75b* 339.25a 251.00a 237.01a 331.37a 360.99a 1.50b 1.02b 2.12a 2.23b 62.75a 34.06a 14.50b 60.60b 22.74a 5.34a 

Second 
picking 

395.00a 326.75a 245.00a 249.50a 355.80a 368.80a 1.59a 1.65a 2.19a 2.32a 38.49b 38.49b 46.90a 71.24a 14.60b 4.98a 

*Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 
**Values per 100 berries. 

 
Table 4: Chemical characteristics of "Crimson" seedless grape berries as influenced by harvest number during the two seasons, 2009 and 2010.  

Treatments Chlorophyll a (mg/L) Chlorophyll b (mg/L) Carotene 
(mg/L) 

Anthocyanin (mg/ 
100gm) 

Total Sugars 
(%) 

Reducing Sugars        
(%) 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 
First picking 0.59a* 0.53a 0.26a 0.46a 0.89b 0.70b 21.78b 21.12b 10.70b 10.80b 6.95a 8.56a 

Second picking 0.39b 0.31b 0.15b 0.28b 1.17a 0.93a 28.54a 26.76a 10.99a 11.18a 7.26b 8.64a

 
Table 4: Continue 

Treatments Non-reducing Sugars (%) TSS (%) Acidity (%) TSS/Acidity (Ratio) Vitamin. C (mg/100ml) 
 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

First picking 3.79b 2.26a 15.64b 15.90b 0.66a 0.68a 24.10b 23.41b 3.43a 2.44b

Second picking 3.73a 2.49a 16.73a 16.96a 0.59b 0.59b 27.94a 29.16a 3.46a 3.12a 
*Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 

 

C. The Effect of The Interaction between Treatment and Time: 
 

C.1. Physical Characteristics: 
 
The effect of the interaction between treatments and the time factors on berry size, weight, diameter, length 

and juice volume of "Crimson" seedless was reported in Table 5. It was evident that applying various treatments 
resulted in similar influence on berry size, weight, diameter, length and juice volume whether in the first or the 
second picking. None of the treatments was superior to the others over time when compared with each other or 
the control. These trends were consistent in both seasons. In other words, it did not make a difference to apply 
one of the used treatments with regard to berry size, weight, diameter, length and juice volume. 

Response of red berries percentage to the interaction between treatments and time was shown in Table 6.  It 
was obvious that except the control, the increase in red berries percentage was significant from first picking to 
the second following the treatment in both seasons. Moreover, it was found that, second picking of grapes which 
treated with coumaric acid at 1000 ppm had a highest red berries percentage, while there were not significant 
differences between treated berries with coumaric acid at 500 ppm and benzoic acid at 1000 ppm at the second 
time of picking. There was also no significant difference between both of them and berries applied with 
coumaric acid at 1000 ppm and picked in the first time. However, these treatments were still more significant 
than the treatment with benzoic acid at 500 ppm which picked in the second time and coumaric acid at 500 ppm 
which picked in the first time. On the other hand, berries picked in the first time after treating with benzoic acid 
in both concentrations had no significant difference compared with the control in the two pickings, however, 
both of them increased in the second picking compared with control.  The same trend of results was found in the 
second season. 

The effect of the interaction between treatments and time on pink berries percentage was shown in Table 6.  
The data revealed that treatments with coumaric acid in both concentrations decreased pink berries percentage 
by the second picking when compared with the control. Meanwhile, treated berries with benzoic acid had no 
changes in the second picking neither at 500 ppm nor at 1000 ppm but still significantly higher than the control 
in the first season. Thus, percentage of pink berries in the cluster trend to decrease from the first picking to the 
second with coumaric acid concentrations while, it generally did not change with benzoic acid treatments during 
the first season.  This was also the case during the second season except that benzoic acid concentrations led to 
reduced pink berries percentage in the second picking as compared with the first one. 

Green berries percentage of "Crimson" seedless grape as influenced by the interaction between treatment 
and time was reported in Table 6. There was a significant reduction in green berries percentage in all treatments 
in the two times of harvest relative to the control in both seasons, however, there was no significant difference 
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between benzoic acid at 500 ppm in the first picking compared with the control in the first season only.  Both 
used coumaric acid concentrations resulted in similar change in green berries percentage when comparing the 
results of two pickings. 
 
Table 5: Physical Characteristics (berry size; juice volume; berry weight; berry diameter and berry length) of "Crimson" seedless grape berries as influenced by the interaction between applied some phenolic 

compounds treatments and time of harvest during the two seasons, 2009 and 2010. 
Treatments Berry Size** (cm3) Juice Volume** (cm3) Berry Weight** (gm) 

First picking Second picking First picking Second picking First picking Second picking 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Control 288.00c* 324.00a 346.00bc 319.00a 274.00a 238.00a 209.00a 248.00a 314.00a 344.00a 301.00a 368.00a

Coumaric acid 500ppm 316.00bc 325.00a 368.00b 323.00a 274.00a 237.50a 258.75a 243.75a 329.60a 344.00a 374.20a 353.49a 
Coumaric acid 1000ppm 338.00bc 335.00a 345.00bc 320.00a 255.00a 255.00a 277.00a 246.00a 368.00a 359.00a 400.00a 358.00a 

Benzoic acid 500ppm 303.00bc 368.00a 305.00bc 331.00a 270.00a 200.00a 246.00a 265.00a 324.00a 388.00a 366.00a 396.00a 
Benzoic acid 1000 ppm 325.00bc 343.00a 610.00a 340.00a 255.00a 250.00a 233.00a 245.00a 321.00a 369.00a 337.00a 368.00a

 
Table 5: Continue 

Treatments Berry Diameter (cm) Berry Length (cm) 
 First picking Second picking First picking Second picking 
 2009 2010 2009 2010 2009 2010 2009 2010

Control 1.55a 1.62a 1.64a 1.67a 2.11a 2.20a 2.13a 2.31a 
Coumaric acid 500ppm 1.50a 1.61a 1.57a 1.65a 2.12a 2.25a 2.20a 2.28a 

Coumaric acid 1000ppm 1.53a 1.64a 1.57a 1.63a 2.11a 2.15a 2.27a 2.33a

Benzoic acid 500ppm 1.48a 1.61a 1.60a 1.66a 2.10a 2.26a 2.10a 2.42a 
Benzoic acid 1000 ppm 1.50a 1.62a 1.59a 1.62a 2.10a 2.31a 2.23a 2.26a 

*  Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level.  
** Values per 100 berries. 

 
Table 6: Visual assessment of berry color (red; pink and green) of "Crimson" seedless grape berries as influenced by the interaction between applied some  
             phenolic compounds treatments and time of harvest during the two seasons, 2009 and 2010. 

Treatments 
Red Berries (%) Pink Berries  (%) Green Berries  (%) 
First picking Second picking First picking Second picking First picking Second picking 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Control 8.69d* 10.69d 10.00d 13.39d 46.71b 58.14b 51.98b 61.71b 44.60a 31.17a 38.00a 24.90a 
Coumaric 
acid 
100ppm 

25.62cd 33.82c 56.30b 77.40ab 72.76a 82.15a 43.72b 22.60d 1.62c 0.00b 0.00c 0.00b 

Coumaric 
acid 
1000ppm 

47.90b 57.86b 83.30a 86.47a 52.31b 42.14c 16.73c 13.23d 0.00c 0.00b 0.00c 0.00b 

Benzoic 
acid  
500ppm 

14.92d 26.20cd 31.40c 66.57b 56.32a 72.73ab 60.52a 33.43c 28.76a 1.07b 0.00c 0.00b 

Benzoic 
acid 1000 
ppm 

14.63d 40.43c 45.48b 68.05b 62.65a 55.10b 54.52a 31.92cd 22.73b 4.48b 0.00c 0.00b 

  * Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 

 
C.2. Chemical Characteristics: 

 
Chlorophyll ‘a’ content of "Crimson" seedless grape skin as influenced by the interaction between 

treatments and time was recorded in Table 7. The data proved that the control berries gradually lost chlorophyll 
‘a’ in a significant way from the first harvest to the second.  In the same time, all treatments were able to make a 
significant decline in chlorophyll ‘a’ when compared with the control. Applying coumaric acid in both 
concentrations caused a significant reduction in chlorophyll 'a' content in skin of berries from the first picking to 
the second in both seasons.  Similar results were found with both concentrations of benzoic acid-treated berries 
in both seasons.  Moreover, the actual concentration of chlorophyll ‘a’ in all treatments was the same and much 
less than obtained in the skin of control berries in both seasons. 

The effect of the interaction between treatments and time on chlorophyll ‘b’ was shown in Table 7. The 
data revealed that almost all treatments were able to make a significant change in chlorophyll ‘b’ when 
compared with the control. Moreover, treated berries with coumaric acid at 1000 ppm had significantly lower 
chlorophyll ‘b’ content from first time of picking to the second when compared with the control in both seasons, 
and it had the lowest significant values of chlorophyll ‘b’ in both seasons compared to other treatments. On the 
same manner, benzoic acid-treated berries at 1000 ppm caused a significant reduction in chlorophyll ‘b’ content 
from first time of picking to the second  when compared with the control in the first season, while, there was no 
differences in the second season. Meanwhile, treatments with coumaric acid at 500 ppm and benzoic acid at 500 
ppm had no significant changes from the first picking to the second picking but still lower than the control in the 
first season. Thus, benzoic acid effect seemed to be inconsistent from first picking to the second in terms of their 
influence on chlorophyll b when the two seasons were compared. 

Changes in carotene content of "Crimson" seedless grape skin in response to the interaction between 
treatments and time were reported in Table 7. The data showed an increase in carotene content with all 
treatments compared with the control. There were no significant changes between all treatments from the first 
picking to the second in the first season. However, in the second season, there was a significant increase in 
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carotene content in all treatments from the first picking to the second picking compared to the control.  Even the 
control berries possessed greater amount of carotene in the second picking as compared with the first one during 
the second season.  In addition, coumaric acid-treated berries tended to posses greater carotene content relative 
to other treatments. 

The response of "Crimson" seedless grape to the interaction between treatments and time in terms of 
anthocyanin content in the skin was reported in Table 7. The data showed that all treatments were able to 
increase anthocyanin content in berries skin when compared with the control and all treatments had higher 
anthocyanin content in the second picking compared with the first picking in both seasons. Coumaric acid at 500 
ppm had no significant changes from the first picking to the second, meanwhile, coumaric acid at 1000 ppm had 
the highest anthocyanin value compared with other treatments in both seasons. On the other hand, there was a 
significant increase in anthocyanin content in berries treated with benzoic acid at 500 and 1000 ppm and there 
was no difference between both concentrations in both seasons. 

The effect of the interaction between treatments and time on the content of total soluble solids (TSS) in 
"Crimson" seedless table grape was shown in Table 8. A significant increase in TSS occurred in the control 
berries by the second picking as compared with the first picking. Coumaric acid at 500 or 1000 ppm caused a 
non-significant increase in TSS in the second picking compared with the first one in both seasons except 
coumaric acid at 500 ppm in the second season. However, both concentrations of coumaric acid caused a greater 
increase in TSS relative to the control in both seasons. This was not the case with benzoic acid since there was 
an increase in TSS from the first picking to the second in both seasons. Meanwhile, benzoic acid treated-berries 
had higher TSS than the control in both seasons. Both coumaric acid and benzoic acid had a significant increase 
in TSS compared with the control in both seasons. Thus, the influence of either coumaric or benzoic acids was 
not restricted to the sub-ebidermal cells containing the anthocyanin but extended to include the berry flesh with 
increased TSS over the control. 

Titratable acidity data in "Crimson" seedless table grape as influenced by the interaction between treatments 
and time was reported in Table 8. It was found that there were no changes in juice acidity in the control from the 
first harvest to the second in both seasons. In the same manner, benzoic acid in both used concentrations had no 
changes from the first harvest to the second in both seasons.  However, benzoic acid caused a significant 
reduction in juice acidity in the first season but in the second season there was difference compared to the 
control. Meanwhile, there was a reduction in juice acidity in coumaric acid-treated clusters between the first 
picking to the second relative to the control in both seasons. Moreover, coumaric acid at 1000 ppm caused a 
considerable reduction in juice acidity only in the first season as compared with the control.    

Changes in TSS/acidity ratio as influenced by various treatments over time were shown in Table 8. Such 
ratio in the control berries had no changes from the first picking to the second in both seasons.  Meanwhile, 
there was a significant increase in the ratio of TSS to acidity between the control and all other treatments in the 
first season and there was only increase in this ratio in the second picking in the second season.  There was a 
significant increase in TSS/acidity ratio in treated berries with coumaric acid at 500 ppm except with application 
of coumaric acid (500 ppm) in the second picking relative to the control in the second season.    

 
Table 7: Qualitative analysis of berry pigments (Chl.a; Chl.b; carotene and anthocyanin) of "Crimson seedless grape berries as influenced by the interaction between applied some phenolic compounds treatments 

and time of harvest during the two seasons, 2009 and 2010. 
Treatments Chlorophyll a (mg/L) Chlorophyll b (mg/L) Carotene (mg/L) Anthocyanin (mg/ 100gm) 

First picking Second picking First picking Second picking First picking Second picking First picking Second picking 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Control 0.723a* 0.810a 0.620b 0.570b 0.316a 0.340a 0.320a 0.300a 0.856c 0.510d 0.843c 0.750c 11.58d 16.93e 14.07d 18.19e 
Coumaric acid 

500ppm 
0.472c 0.340c 0.380d 0.160d 0.194b 0.190bc 0.127bc 0.040d 1.103b 0.740c 1.200ab 0.960a 27.16b 22.32d 30.91b 27.26b

Coumaric acid 
1000ppm 

0.523c 0.310c 0.320d 0.140d 0.138bc 0.180bc 0.054c 0.020d 1.218ab 0.860b 1.350a 1.000a 29.93b 24.96c 36.94a 33.32a 

Benzoic acid 500 
ppm 

0.604bc 0.360c 0.350d 0.160d 0.283ab 0.310a 0.110bc 0.100c 1.090b 0.660c 1.210ab 0.910a 21.00c 21.33d 29.53b 25.33c 

Benzoic acid  
1000 ppm 

0.573bc 0.350c 0.320d 0.150d 0.353a 0.200b 0.090bc 0.120bc 1.080b 0.670c 1.150b 0.940a 19.22c 22.71d 30.49b 25.93bc 

*Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 

 
Table 8: Berry quality characteristics (TSS; acidity; T/A and vitamin C) of "Crimson" seedless grape berries as influenced by the interaction between applied some phenolic compounds treatments and time of  
               harvest during the two seasons, 2009 and 2010. 

Treatments TSS  (%) Acidity (%) TSS/Acidity (Ratio) Vitamin C (mg/100 ml juice) 
First picking Second picking First picking Second picking First picking Second picking First picking Second picking 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Control 13.50c* 13.10c 14.90b 14.80b 0.75a 0.72a 0.69ab 0.61a 19.56c 20.80b 20.60c 27.13b 2.43a 2.47a 2.71a 3.04a 

Coumaric 
acid 500 

ppm 

16.70a 15.60b 17.10a 17.25a 0.65b 0.69a 0.54c 0.60a 26.50b 24.65b 31.59a 33.35a 3.57a 2.41a 3.71a 3.35a 

Coumaric 
acid1000 

ppm 

16.40a 17.20a 17.20a 17.25a 0.58b 0.70a 0.55c 0.52a 28.40ab 24.71b 30.16ab 28.37ab 3.86a 2.40a 3.71a 3.21a 

Benzoic 
acid 500 

ppm 

15.10b 15.25b 16.50a 16.75a 0.72ab 0.66a 0.60b 0.61a 21.31c 22.98b 27.84b 27.64ab 3.57a 2.51a 3.43a 2.90a 

Benzoic 
acid  1000 

ppm 

15.05b 16.55ab 17.20a 17.00a 0.62b 0.69a 0.59b 0.59a 24.79bc 23.94b 29.53ab 29.30a 3.71a 2.40a 3.71a 3.07a 

*Values, within a column, of similar letters are not significantly different according to the least significant difference (LSD) at 0.05 level. 
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Vitamin C was also studied in relation to the interaction between treatments and time as reported in Table 8. 
It was found that, there was no significant change in Vitamin C content from the first picking to the second in 
the control in both seasons. The same results were found in coumaric acid and benzoic acid treatments in both 
seasons. Thus, there was no considerable change in vitamin C content from the first to the second picking with 
all treatments. 

Changes in total sugars, reducing and non-reducing sugars of "Crimson" seedless grape in response to the 
interaction between treatments and time were reported in Table 9.  The data showed a non- significant increase 
in total sugars with all treatments over time from the first picking to the second picking as compared with the 
control in both seasons.  Moreover, there was a non-significant changes in reducing sugars in coumaric acid and 
benzoic acid treatments in both concentrations in a consistant manner. On the other hand, in the first season the 
non-reducing sugars increased significantly in the second picking compared with the first picking in all 
treatments, coumaric acid in both concentrations had the highest non-reducing sugars values in the second 
picking relative to all other treatments. Meanwhile benzoic acid had no effective increase in both times of 
harvest compared to the control, however in the second season there was no change in non-reducing sugars 
among all treatments in the two times of picking. 

  
Table 9: Berries content of Sugars (total sugars; reducing sugars and non-reducing sugars) of "Crimson" seedless grape berries as influenced by the interaction between applied some phenolic compounds 

treatments and time of harvest during the two seasons, 2009 and 2010. 
Treatments Total Sugars (%) Reducing Sugars        (%) Non-reducing Sugars (%) 

First picking Second picking First picking Second picking First picking Second picking 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Control 10.62a* 10.83a 10.87a 11.03a 7.34a 9.05a 5.79a 8.77a 3.28c 1.78a 5.07b 2.25a

Coumaric acid 
500ppm 

10.76a 10.85a 10.01a 11.20a 5.43a 9.15a 4.42a 8.53a 3.40c 1.82a 6.60a 2.67a 

Coumaric acid 
1000 ppm 

10.62a 10.77a 10.92a 11.14a 6.63a 7.80a 4.64a 8.57a 5.33b 2.95a 6.28a 2.57a 

Benzoic acid 
500ppm 

10.84a 10.78a 11.07a 11.20a 7.70a 7.80a 6.45a 8.41a 3.14c 2.97a 4.62bc 2.78a 

Benzoic acid 
1000 ppm 

10.87a 10.76a 11.08a 11.31a 7.66a 8.98a 6.00a 9.14a 3.21c 1.78a 5.08b 2.17a 

 * Values, within a column, of similar letters are not significantly different according to the    least significant difference (LSD) at 0.05 level. 
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