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HIS INVESTIGATION was conducted for two successive

seasons (2011 & 2012) in a vineyard located at El-Khatatba,
Menoufiya governorate; to find out the effect of yeast, ethephon and
apple vinegar applications on yield, fruit quality and storability of
Flame Seedless grapes. The chosen vines were ten-year-old, grown in
sandy loam soil, spaced at 2 x 2.5 meters apart, irrigated with the drip
irrigation, trained to bilateral cordon with spur pruning, and trellised
by the double "T" shape system. The vines were pruned during the
first week of January with bud load of (60 buds/vine). Ten treatments
were applied as follows: untreated vines (control), application with 15
g yeast/vine, spraying with 250 ppm ethephon, spraying with 500
ppm apple vinegar, spraying with 1000 ppm apple vinegar, spraying
with 1500 ppm apple vinegar, application yeast + 250 ppm ethephon,
application yeast + 500 ppm apple vinegar, application yeast + 1000
ppm apple vinegar and application yeast + 1500 ppm apple vinegar.

The results showed that all yeast treatments, either alone or
combined with ethephon, and the different doses of apple vinegar
gave the best results in comparison with control. Application with
yeast + 1500 ppm apple vinegar resulted in the best yield and its
components i.e. physical bunches properties and improved the
physical and chemical characteristics of berries. It increased berry
color, TSS, TSS/acid ratio while decreased acidity in comparison to
the control. Moreover, the clusters during cold storage for four weeks
at 0°C, RH 90-95%, showed that all treatments, except for spraying
with ethephon treatments, was enhanced storability, since it reduced
looses resulting either from disease infection or physiological
disorders and inhibited the rate of deterioration of physical and
chemical properties (weight loss (%), decay (%), shattering (%), total
spoilage (%) and the firmness) of grapes during cold storage.

Yeast (Saccharomyces ccrvicisae) is a promising biofertiltzer. It contains
important nutrients such as N, P and K and approximately 18 common amino
acids (Abou-Zaid, 1984). Moreover, soil drench applications of yeast are
probably promoting the uptake of different nutrient elements through modifying
soil pH towards acidity medium which positively reflect on yield and its
components and fruit quality of various grape cultivars. In this respect,
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application of yeast after fruit set 15 gm/vine to soil improved physical and
chemical of Black Monukka grapes (Abd El-Wahab et al., 2008).

Ethephon (2-chloroethylphosphonic acid), an ethylene releasing compound,
have been used successfully to hasten fruit maturation in many cultivars (Jensen
et al., 1980). Many studies show that the optimum ethephon application rate
ranged from 100 to 300 ppm after color initiation (veraison stage) (Fitzgerald &
Patterson 1994). Ethephon application has been shown to accelerate ripening and
increase colour (Dokoozlian et al. 1994) of red grapes. Also, Ethephon is
employed to increase berry coloration; however, being a senescence promoter,
ethylene can also induce fruit drop and berry softening at maturity and during
storage (Yahuaca et al., 2006). In addition to, Human (2010) on Crimson
Seedless found that during the ripening period the TSS was significantly
increased for ethephon treated bunches compared to the TSS of the control
bunches.

Shelf-life is important for table grapes. Decreasing quality during post-
harvest handling of table grapes is often associated with water loss and decay.
Browning of the cluster stem and shelling of berries is another problem (Kelany
et al., 2011). Concerning the effect of pre-harvest treatments on storability, soil
drench application of yeast reduced the development of postharvest decay of
table grapes (Ben-Arie et al., 1991). Also, Ezz et al., (2012) found that foliar
spraying with 3g/l active dry yeast treatment reduced fruit weight loss and
increased fruit firmness and total soluble solids compared to control in Alphonse
and Badami mango fruits.

With respect to ethephon application, Gerasopoulos and Stavroulakis (1999)
found that storage of control fruit at 0°C delayed ripening, while ethephon-
treated fruit ripened earlier. Firmness decreased and anthocyanin content
increased compared to the control of 'Sceptar' red raspberries. In addition,
(Kelany et al., 2011) found that spraying clusters by ethrel at 500 ppm decreased
berry texture and acidity and increased TSS, TSS/acid ratio and anthocyanin
percentage more than control, also, Ethrel application and control increased
significantly berry weight loss % and exhibited the highest values of berries
decay percentages compared with untreated fruits after four weeks of cold
storage of Flame Seedless grapes.

Concerning the effect of apple vinegar, Sholberg et al. (1996) found that
application with acetic acid of Summerland Selection 494 and Selection 651
grapes at approximately 2-week intervals controlled both Botrytis and
Penicillium decay and reduced berry shatter. In addition, Sholberg et al., (2000)
and Liu et al., (2002) found that vinegar reduced postharvest decay of stone fruit,
strawberries and apples by preventing spores of brown rot, grey mould and blue
mould from germination. In addition, Antunes et al., (2007) found that fig,
apricot, orange, pomegranate and kiwi fruits treated with 1% acetic acid gave a
great performance in the reduction of fruit losses, weight loss% and fruit
softening through storage, without negative effect on the environment and
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human health. Also, Hosseini et al. (2013) found that Iranian white lettuce
treated with 10g/l aqueous solution of acetic acid (12% of apple vinegar) soaked
for 5 minutes increased (TSS) during ambient storage at temperature of 25°C and
65% relative humidity.

The ultimate goal of this study were to raise the yield/vine and its
components, to improve cluster and berry characteristics storability and quality
of “Flame Seedless" grapes by application of yeast, ethephon and different doses
of apple vinegar.

Materials and Methods

This investigation was conducted for two successive seasons (2011 & 2012)
in a private vineyard located at El-Khatatba, Menoufiya governorate, on mature
Flame Seedless grapevines. The chosen vines were ten-year-old, grown in sandy
loam soil, spaced at 2 x 2.5 meters apart and irrigated with drip irrigation system,
trained to bilateral cordon with spur pruning, and trellised by the double "T"
shape system. The vines were pruned during the first week of January with bud
load of (60 buds/vine).

Yeast (Saccharomyces ccrvicisae) was active dry with gassing power 150
cm®91 hour and its concentration was 95% of fungus cells.
Chemical analysis of the active dry yeast:

Polysac . . Thiamin|Riboflavin| Niacin | Vitamin | Vitamin

N - Fats | Prot Fib Ash

(o) |charides (5@; E‘j/oe)'” (u%e)r (ojo) (B1) B2 | B4 | ®6) | (BL2)
(%) (mg) (mg) | (mg) | (mg) | (mg)

7.3 32.3 35 35 11 | 67 2.33 541 36.7 441 0.02

A 15 glvine of yeast was added to soil drench in two application dates, 1
after bud burst stage and after fruit set stage.

Ethephon (2-chloroethylphosphonic acid), is an ethylene releasing
compound, used as a growth regulator to accelerate fruit ripening.

Spraying with ethephon was applied on clusters with 250 ppm at veraison
stage (20% berry coloring).

Apple vinegar is a completely natural product, resulting from the fermentation
of apple juice to hard apple cider followed by a second fermentation to apple cider
vinegar containing 7.1% acetic acid. The mean pH of the vinegars was 3.1 with a
standard deviation of 0.2.

Spraying with apple vinegar was applied on clusters at three doses: 500 ppm,
1000 ppm and 1500 ppm at veraison stage (20% berry coloring).
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One hundred and twenty vines were chosen. Each four vines acted as a
replicate and each three replicates were treated by one of the following
treatments.

e Untreated vines (Control)

o Application with 15 g yeast/vine

e Cluster spraying with 250 ppm ethephon

o Cluster spraying with 500 ppm apple vinegar

o Cluster spraying with 1000 ppm apple vinegar

o Cluster spraying with 1500 ppm apple vinegar

o Application with Yeast + 250 ppm ethephon

¢ Application with Yeast + 500 ppm apple vinegar
¢ Application with Yeast + 1000 ppm apple vinegar
o Application with Yeast + 1500 ppm apple vinegar

The following parameters were adopted to evaluate the tested treatments
Random samples of 6 bunches/vine were harvested at maturity when TSS
reached about 16-17% in control treatment according to Tourky et al. (1995).

The following characteristics were determined

Yield and physical characteristics of bunches

Yield/vine (kg) was determined as number of bunches/vine X average bunch
weight (g). Also, average bunch weight (g), bunch length and width (cm) were
determined.

Physical characteristics of berries
Berry weight (g), berry size (cm®), berry dimensions (length and diameter)
(cm), berry firmness (g/cm?) and shattering (%) were determined.

Chemical characteristics of berries

Total soluble solids in berry juice (TSS) (%) by hand refractometer and total
acidity as tartaric acid (%) (A.O.A.C. 1985). Hence TSS /acid ratio and total
anthocyanin of the berry skin (mg/100g fresh weight) according to Husia et al.,
(1965) were calculated.

Storability

At maturity stage, when TSS reached 16-17% according to Tourky et al.
(1995), clusters from treatments were harvested and packed in perforated bags,
each bag contained 550-650 g, then packed in carton boxes and each box
contained three bags.

All treatments were packed into 48 carton boxes (1.5 - 2 Kg/box), stored at +
0°C and 90-95% RH for four weeks.

Each treatment has three replicates and two carton boxes/replicate to follow
up the changes occurring in physical and chemical properties of the stored
grapes.
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Physical properties

eWeight loss (%) per box was determined periodically according to the
equation (weight loss x 100 / Initial box weight).

eDecay (%) per box was calculated periodically according to the equation
(weight of decayed x 100 / Initial box weight).

Shattering (%) per box was calculated periodically according to the equation
(weight of the shattered berries x 100 / Initial box weight).

eTotal spoilage percentage (%) was calculated periodically as the sum of
weight loss, decay and shattering per box.

eBerry firmness (g/cm?®) was estimated on ten berries through the use of
texture analyzer instrument using a penetrating Cylinder of 1.0 mm of diameter
to a constant distance 1.0 mm inside the berry skin by a constant speed 2.0 mm/
sec. and the peak of resistance force of the skin was recorded periodically.

eBerry colour: Skin color (Hue angle) was determined by Konick Minolta,
Chroma Meter CR-400/410 for the estimation of a, b and hue angle (h°). In this
system of color representation the values a* and b* describe a uniform two-
dimensional color space, where a* is negative for green and positive for red and b*
is negative for blue and positive for yellow. From a and b values, were calculated
Hue angle (h°= arc tan b*/a*) determines the red, yellow, green, blue, purple, or
intermediate colors between adjacent pairs of these basic colors Hue angle (0°=
red-purple, 90° = yellow, 180°=bluish-green, 270°= blue), as described by
McGuire, (1992).

Chemical properties

Percentage of total soluble solids in berry juice (TSS) was recorded
periodically using a hand refractometer.
Total acidity as tartaric acid (%) was also determined periodically (A.O.A.C.
1985).
e TSS/acid ratio was calculated periodically.

Statistical analysis

The complete randomized block design was adopted for the experiment. 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%.

Results and Discussion

Yield and bunch physical characteristics

Data in Table 1 show that the yield and its components of Flame Seedless
grapevines were greatly affected by the application of yeast, ethephon and
different doses of apple vinegar in both seasons.

Yield in general was significantly increased by the application of yeast either
alone or in combination with ethephon or different doses of apple vinegar. The
highest value of yield was obtained with the application of yeast + 1500 ppm
apple vinegar followed, in a descending order, by the application of yeast + 1000
ppm apple vinegar then application of yeast + 250 ppm ethephon, whereas, the
lowest values were obtained from the control in both seasons.
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As for bunch weight, it was positively affected by the conducted treatments
in a similar manner to that of yield per vine.

With respect to bunch dimensions, it is obvious that bunch length and width
were affected by treatments; all yeast treatments either solely or in combination
with ethephon or with different doses of apple vinegar significantly recorded the
highest values in comparison with control in both seasons. In this respect,
application of yeast + 1500 ppm apple vinegar resulted in the highest values of
followed, in descending order, by the application of yeast + 1000 ppm apple
vinegar then the application of yeast + 250 ppm ethephon, whereas, the lowest
values were obtained from control in both seasons.

Yield produced in response to yeast application could be mainly attributed to
the enhancement effect of yeast on bunch weight. The positive effect of yeast
can be explained since the yeast is considered as a source for IAA and cytokinin-
like substances which encourage the uptake of various nutrients (Moor, 1979 and
Ferguson et al., 1987).

The obtained results are nearly similar to those achieved by Esmaeil et al.,
(2003) on “Roumi Red" cv. and Aisha et al., (2006) on "Flame Seedless™ found
that yeast applications as foliar or in soil drench significantly increased bunch
weight and yield /vine. As for the effect of ethephon, Human (2010) on Crimson
Seedless found that total yield was generally unaffected by ethephon application.

Physical characteristics of berries

As shown in Table 2, it is obvious that all yeast treatments either in the
individually form or in combination with ethephon or different doses of apple
vinegar were obvious on physical characteristics of berries i.e. berry weight, size,
length, diameter, firmness and shattering. The positive effects attributed to those
parameters were detected in case of vines treated with yeast + 1500 ppm apple
vinegar followed, in descending order, by the application of yeast + 1000 ppm
apple vinegar. On the other hand, spraying with ethephon and control vines
induced a negative effect on those parameters in both seasons.

The positive effect of yeast application on berry physical properties could be
attributed to that yeast contains some natural growth regulators, i.e. auxin (IAA)
(Moor, 1979) and cytokinins (Cks) (Ferguson et al., 1987). Also, it enhances the
formation and movement of natural hormones specially cytokinins and GA3 and
increases cell division in meristem tissues (Nijjar, 1985).
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The obtained results are in agreement with those reported by EI-Mogy et al.
(1998) on “Thompson Seedless” cv., Esmaeil et al. (2003) on “Roumi Red" cv.
and Aisha et al. (2006) on "Flame Seedless" grape who found that yeast
applications as foliar or soil drench significantly increased berry physical
properties i.e. weight, size, length and width. As for the effect of ethephon,
Yahuaca et al. (2006) on "Malaga Roja" grape who found that ethephon is
employed to increase berry coloration; however, being a senescence promoter,
ethylene can also induce fruit drop and berry softening at maturity and during
storage.

Chemical characteristics of berries

Results presented in Table 3 revealed that all berry chemical characteristics,
i.e. TSS, Acidity, TSS/acid ratio and anthocyanin content of berry skin were
significantly affected by spraying with ethephon or different doses of apple
vinegar either alone or in combination with yeast. Application of yeast + 1500
ppm apple vinegar resulted in the highest values of TSS percentage, TSS/acid
ratio, anthocyanin content in berry skin and the lowest values of acidity
percentage as compared to control in both seasons.

The positive effect of yeast application on berry chemical could be attributed
to the enhancement effects of photosynthesis process and increasing promoter
hormones as cytokinins. It is well known that these hormones induce a
considerable increase in sugar content, and consequently cause an increase in
TSS%, TSS/acid ratio and anthocyanin content in berry skin and a decrease in
acidity % in grape juice.

The effect of ethylene on berry chemical properties i.e. TSS%, acidity %,
TSS/acid ratio and anthocyanin content of berry skin could be attributed to
regulate many aspects of fruit ripening (Abeles et al., 1992), and is considered to
be the hormone of fruit maturation and senescence because it promotes
degradation of chlorophyll in berry skin (Hartmann, 1992) with intensive
anthocyanin synthesis in the sub-epidermal layer in the berries of red cultivars
(Hrazdina et al., 1984), and it is now well established that ethylene is involved
during the ripening of non-climacteric fruits such as grape and strawberry
(Chervin et al., 2006).
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These results are in agreement with those found by EI-Mogy et al. (1998) on
“Thompson Seedless” cv., Esmaeil et al. (2003) on “Roumi Red" cv. and Aisha
et al., (2006) on "Flame Seedless" who found that yeast applications as foliar or
soil drench significantly increased TSS%, TSS/acid ratio and anthocyanin
content in berry skin and decreased total acidity% of the juice. As for the effect
of ethephon, the grape industry has been using ethephon with some success to
enhance berry anthocyanin accumulation and increasing TSS /acid ratio
(Shulman et al., 1985). In this respect, (Shibli et al., 1997) found that the
ethylene is released from ethephon that stimulates the production of endogenous
ethylene, which increases fruit sugar and colour, thus accelerating the ripening
process (Awad & De Jager, 2002). Also, Human (2010) on Crimson Seedless
found that during the ripening period the TSS was significantly increased for
ethephon treated bunches compared to the TSS of the control bunches.

Storability

Physical properties
Weight loss (%)

Data in Table 4 revealed that weight loss (%) increased gradually till the end
of the cold storage period. This increase is probably due to moisture loss from
the grapes during cold storage. It observed that weight loss (%) was decreased by
the application of all treatments. The lowest percentage of weight loss (4.73 &
4.96%) was recorded after four weeks of cold storage for clusters treated with
yeast + 1500 ppm apple vinegar, whereas, the highest percentage of weight loss
(9.99 & 10.82%) were obtained from spraying with ethephon in both seasons.

The obtained results are similar to those achieved by Ezz et al. (2012) found
that foliar spraying with 3g/L yeast active dry yeast treatment reduced fruit
weight loss compared to control in Alphonse and Badami mango fruits. With
respect to ethephon application, Kelany et al. (2011) who found that spraying of
clusters by ethrel at 500 ppm increased significantly berry weight loss %
compared with untreated fruits after four weeks of cold storage of Flame
Seedless grapes. Concerning the effect of apple vinegar, Antunes et al. (2007)
found that figs, apricots, oranges, pomegranates and kiwi fruits treated with 1%
acetic acid gave a great performance in the reduction of fruit weight loss through
storage, without damaging the environment and human health.
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TABLE 4. Effect of yeast, ethephon and apple vinegar on weight loss (%) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season

Dates (D) Days in cold storage
Treatments (T) o | 7 | w | a | o |MAE
Control 0.00 | 127 | 296 | 4.54 742 324
159 yeast/vine 0.00 0.91 2.12 3.25 5.31 2.32
250ppm ethephon 0.00 171 3.99 6.12 9.99 4.36
500ppm apple vinegar 0.00 1.07 2.50 3.83 6.25 2.73
1000ppm apple vinegar 0.00 1.01 2.36 3.61 5.90 2.58
1500ppm apple vinegar 0.00 | 0.98 2.29 3.50 5.72 2.50
15g yeast/vine+ 250ppm ethephon 0.00 154 3.59 551 8.99 3.93
159 yeast/vine+ 500ppm apple vinegar | 0.00 0.89 2.08 3.18 5.20 2.27
i?r?eé’zfsw'”“ 1000ppm apple 000 | 086 | 201 | 308 | 502 2.19
i?r?eé’zfsw'”” 1500ppm apple 000 | 081 | 189 | 200 | 473 207
MEANS (D) 0.00 111 2.58 3.95 6.45

new L.S.D. at0.05 (T) = 0.11

new L.S.D. at 0.05 (D) = 0.08

new L.S.D. at 0.05 (TXD) = 0.25

2012 season
Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI?%NS
Control 0.00 1.38 3.21 4.92 8.04 351
15g yeast/vine 0.00 1.03 2.40 3.68 6.01 2.62
250ppm ethephon 0.00 1.85 4.32 6.63 10.82 4.73
500ppm apple vinegar 0.00 1.16 271 | 415 6.77 2.96
1000ppm apple vinegar 0.00 1.12 261 | 401 6.54 2.86
1500ppm apple vinegar 0.00 1.06 2.48 3.80 6.20 271
15g yeast/vine+ 250ppm ethephon 0.00 1.67 3.89 5.97 9.75 4.26
15g yeast/vine+ 500ppm apple vinegar | 0.00 0.96 2.25 3.45 5.63 2.46
i?r?eé’zfsw'”“ 1000ppm apple 000 | 092 | 215 | 329 | 537 2.35
\l/ﬁ?eé’zfs”"'”” 1500ppm apple 000 | 085 | 1.98 | 304 | 4.96 217
MEANS (D) 0.00 1.20 2.80 4.29 7.01

new L.S.D. at 0.05 (T) = 0.17

new L.S.D. at 0.05 (D) = 0.12

new L.S.D. at 0.05 (TXD) = 0.38
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= Decay (%)

As shown in Table 5 a gradual significant increase in berry decay (%) was
observed up to the end of the cold storage period. Spraying with ethephon
exhibited the highest percentage of decay (6.77 and 7.34%) for the two seasons,
respectively. On the other hand, vines treated with yeast + 1500 ppm apple
vinegar showed the lowest percentage of decay (3.21 and 3.37%) in both
seasons, respectively.

These results are in line with those obtained by Ben-Arie et al. (1991) on
table grapes who found that soil drench application of yeast reduced the
development of postharvest decay. With respect to ethephon application, Kelany
et al. (2011) found that spraying of clusters by ethrel at 500 ppm exhibited the
highest values of berries decay percentages compared with untreated fruits after
four weeks of cold storage of Flame Seedless grapes. Concerning the effect of
apple vinegar, it is obvious that application with 2.0 or 4.0 mg/L acetic acid before
wounding prevented apples contaminated with Botrytis cinerea or Penicillium
expansum conidia, respectively, from decaying (Sholberg and Gaunce, 1995).
Also, Moyls et al. (1996) found that application with acetic acid at 8.0 mg per liter
followed by use of modified atmosphere packaging for 74 days at 0°C reduced the
percentage of decayed grapes from 94% in the control to 2% of Thompson
Seedless grapes. In this respect, Sholberg et al. (1996) found that application with
acetic acid of Summerland Selection 494 and Selection 651 grapes at
approximately 2-week intervals controlled both Botrytis and Penicillium decay.

In addition, vinegar reduced postharvest decay of stone fruit, strawberries and
apples by preventing spores of brown rot, grey mould and blue mould from
germination (Sholberg et al., 2000 and Liu et al., 2002).

Shattering (%)

Data in Table 6 shows that shattering (%) increased gradually till the end of
the cold storage period. It is observed that shattering (%) was increased by
spraying with ethephon. The highest percentage of shattering (10.13 & 8.88%)
was recorded after four weeks of cold storage for fruits treated with ethephon in
the two seasons, respectively. Whereas, clusters treated with yeast + 1500 ppm
apple vinegar showed the lowest shattering (2.65 & 2.32%) after four weeks of
cold storage in both seasons, respectively.

Similar results were obtained by Yahuaca et al. (2006) on "Malaga Roja"
grape who found that ethephon induce fruit drop at maturity and during storage.
Concerning the effect of apple vinegar, Sholberg et al. (1996) found that
application with acetic acid of Summerland Selection 494 and Selection 651
grapes at approximately 2-week intervals reduced berry shatter.
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TABLE 5. Effect of yeast, ethephon and apple vinegar on decay (%) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012
seasons.

2011 season

Dates (D) Days in cold storage
MEANS
Treatments (T) 0 7 14 (21 |28 M

Control 0.00 | 0.86 | 2.01 | 3.08 | 5.03 2.20
159 yeast/vine 0.00 | 0.62 | 144 | 221 | 3.60 1.57
250ppm ethephon 0.00 | 1.16 | 2.70 | 4.15 | 6.77 2.96
500ppm apple vinegar 0.00 | 0.73 | 169 | 259 | 4.24 1.85
1000ppm apple vinegar 0.00 | 0.68 | 1.60 | 245 | 4.00 1.75
1500ppm apple vinegar 0.00 | 066 | 1.55 | 2.38 | 3.88 1.69
159 yeast/vine+ 250ppm ethephon 0.00 | 1.04 | 244 | 3.73 | 6.10 2.66
15g yeast/vine+ 500ppm apple vinegar 0.00 | 060 | 141 | 2.16 | 3.52 154

15g yeast/vine+ 1000ppm apple vinegar 0.00 | 058 | 1.36 | 2.09 | 341 1.49
159 yeast/vine+ 1500ppm apple vinegar 0.00 | 055 | 1.28 | 1.96 | 3.21 1.40

MEANS (D) 0.00 | 0.75 | 1.75 | 2.68 | 4.38

new L.S.D. at 0.05 (T) = 0.08

new L.S.D. at 0.05 (D) = 0.06

new L.S.D. at 0.05 (TXD) = 0.18

2012 season
Dates (D) Days in cold storage

Treatments (T) 0 ! 14 21 28 MI?%NS
Control 0.00 | 0.93 | 2.18 | 3.34 | 545 2.38
15g yeast/vine 0.00 | 0.70 | 1.63 | 250 | 4.08 1.78
250ppm ethephon 0.00 | 1.26 | 293 | 449 | 7.34 3.20
500ppm apple vinegar 0.00 | 0.79 | 1.83 | 2.81 | 4.59 2.00
1000ppm apple vinegar 0.00 | 0.76 | 1.77 | 2.72 | 4.43 1.94
1500ppm apple vinegar 0.00 | 0.72 | 168 | 258 | 4.21 1.84
15g yeast/vine+ 250ppm ethephon 0.00 | 1.13 | 2.64 | 4.05 | 6.61 2.89
15g yeast/vine+ 500ppm apple vinegar 0.00 | 0.65 | 1.53 | 2.34 | 3.82 1.67

15¢ yeast/vine+ 1000ppm apple vinegar 0.00 | 062 | 146 | 223 | 3.64 1.59

15g yeast/vine+ 1500ppm apple vinegar 0.00 | 058 | 1.34 | 2.06 | 3.37 1.47

MEANS (D) 0.00 | 0.81 | 1.90 | 2.91 | 4.75
new L.S.D. at 0.05 (T) = 0.09
new L.S.D. at 0.05 (D) = 0.06
new L.S.D. at 0.05 (TXD) = 0.20
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Total spoilage (%)

Data presented in Table 7 clearly shows that the total spoilage percentage for
stored Flame Seedless grapes increased gradually and significantly with the cold
storage extension in both seasons. Clusters treated with ethephon had the highest
total spoilage percentage (26.89 & 27.04%) recorded at the last sampling date,
i.e. after four weeks of cold storage in both seasons, respectively. On the other
hand, clusters treated with yeast + 1500 ppm apple vinegar recorded the lowest
percentage of total spoilage (10.59 & 10.65%) at the end of the cold storage
period in both seasons, respectively.

Berry firmness (g / cm?)

As shown in Table 8 it is obvious that berry firmness decreased gradually till
the end of the cold storage period. Berry firmness decrease was reduced by
spraying with ethephon. The lowest berry firmness (24.70 & 24.29 g/cm?) was
recorded after four weeks of cold storage for fruits treated with ethephon in the
two seasons, respectively. Whereas, clusters treated with yeast + 1500 ppm apple
vinegar resulted in the highest berry firmness (27.72 & 27.26 g/cm?) after four
weeks of cold storage in both seasons, respectively.

These results are in accordance with those obtained by Ezz et al. (2012) who
found that foliar spraying with 3g/L active dry yeast increase fruit firmness
compared to the control in Alphonse and Badami mango fruits. With respect to
ethephon application, Yahuaca et al. (2006) on "Malaga Roja" grape found that
ethephon induces berry softening at maturity and during storage. Also, Kelany et al.
(2011) found that spraying of clusters by ethrel at 500 ppm decreased berry
texture compared to control after four weeks of cold storage of Flame Seedless
grapes. Concerning the effect of apple vinegar, Antunes et al. (2007) found that
figs, apricots, oranges, pomegranates and kiwi fruits treated with 1% acetic acid
gave a great performance in the reduction of fruit softening through storage,
without damaging the environment or affecting human health.

Berry colour

As shown in Table 9 it is obvious that spraying with ethephon or different
doses of apple vinegar either alone or in combination with yeast application
reduced berry hue angle color (increased red skin color) more than the control.
The lowest value of hue angle (the highest red skin color) (20.47 & 19.72) was
recorded by the application of yeast + 1500 ppm apple vinegar at the last
sampling date, i.e. after four weeks of cold storage in the two seasons,
respectively. On the contrary, control grapes resulted in the highest values of hue
angle (the lowest red skin color) (23.69 & 22.90) at the last sampling date, i.e.
after four weeks of cold storage in both seasons, respectively.
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TABLE 6. Effect of yeast, ethephon and apple vinegar on shattering (%) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season
Dates (D) Days in cold storage
Treatments (T) 0 ! 14 2 28 MIZI:\)NS
Control 0.07 2.29 2.83 3.49 4.30 2.60
15¢ yeast/vine 0.00 | 1.71 2.11 2.60 3.21 1.93
250ppm ethephon 4.37 5.39 6.65 8.21 10.13 6.95
500ppm apple vinegar 0.00 | 2.12 2.62 3.23 3.98 2.39
1000ppm apple vinegar 0.00 | 1.92 2.37 2.92 3.61 2.16
1500ppm apple vinegar 0.00 | 1.83 2.26 2.79 3.44 2.06
15¢ yeast/vine+ 250ppm ethephon 392 | 484 5.97 7.37 9.09 6.24
\1/?[?6;':?5”"'"” 500ppm apple 000 | 153 | 189 | 233 | 287 172
\1/?[?639’2?5”"'”” 1000ppm apple 000 | 148 | 183 | 225 | 278 167
\1/?[?639’2?5”"'”” 1500ppm apple 000 | 141 | 174 | 215 | 265 1,59
MEANS (D) 084 | 245 | 303 | 373 | 461
new L.S.D. at 0.05 (T) = 0.07
new L.S.D. at 0.05 (D) = 0.05
new L.S.D. at 0.05 (TXD) = 0.16
2012 season
Dates (D) Days in cold storage
Treatments (T) 0 ! 14 21 28 MI?‘?)NS
Control 0.03 2.01 2.48 3.05 3.77 2.27
15¢ yeast/vine 0.00 | 1.50 185 | 2.28 2.81 1.69
250ppm ethephon 4.23 472 5.83 7.19 8.88 6.17
500ppm apple vinegar 0.00 | 186 | 229 | 2.83 3.49 2.09
1000ppm apple vinegar 0.00 | 1.68 | 2.08 | 2.56 3.16 1.90
1500ppm apple vinegar 0.00 | 1.60 198 | 244 3.01 1.81
15g yeast/vine+ 250ppm ethephon 387 | 424 | 523 | 6.45 7.96 5.55
ii?e;:sw'nﬁ 500ppm apple 000 | 134 | 165 | 204 | 252 151
159 yeast/vine+ 1000ppm apple 000 | 130 | 160 | 1.97 | 244 146
vinegar
159 yeastfvine+ 1500ppm apple 000 | 124 | 152 | 188 | 232 139
vinegar
MEANS (D) 0.81 2.15 2.65 3.27 4.04
new L.S.D. at 0.05 (T) = 0.06
new L.S.D. at 0.05 (D) = 0.04
new L.S.D. at 0.05 (TXD) = 0.13
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TABLE 7. Effect of yeast, ethephon and apple vinegar on total spoilage (%) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season
Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI%%NS
Control 0.07 | 442 | 7.80 | 11.11 | 16.75 8.03
159 yeast/vine 0.00 | 3.24 | 567 | 807 | 1213 5.82
250ppm ethephon 437 | 826 | 13.35 | 18.47 | 26.89 14.27
500ppm apple vinegar 0.00 | 392 | 6.80 | 9.65 14.47 6.97
1000ppm apple vinegar 0.00 | 3.61 | 6.32 | 8.99 13.51 6.49
1500ppm apple vinegar 0.00 | 3.47 | 6.09 | 8.67 13.04 6.26
15g yeast/vine+ 250ppm ethephon 392 | 7.42 | 12.00 | 16.61 | 24.18 12.83
15g yeast/vine+ 500ppm apple vinegar 0.00 | 3.02 | 537 | 7.67 11.60 553
159 yeast/vine+ 1000ppm apple vinegar | 0.00 | 2.92 | 519 | 741 11.21 5.35
15g yeast/vine+ 1500ppm apple vinegar | 0.00 | 2.77 | 491 | 7.01 10.59 5.06
MEANS (D) 0.84 | 431 | 7.35 | 10.37 | 15.44
new L.S.D. at 0.05 (T) = 0.27
new L.S.D. at 0.05 (D) = 0.19
new L.S.D. at 0.05 (TXD) = 0.60
2012 season
Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI?%NS
Control 0.03 | 432 7.86 11.31 | 17.26 8.16
15g yeast/vine 0.00 | 322 | 588 8.46 | 12.90 6.09
250ppm ethephon 423 | 7.83 | 13.08 | 18.31 | 27.04 14.10
500ppm apple vinegar 0.00 | 3.80 | 6.83 9.79 | 14.85 7.05
1000ppm apple vinegar 0.00 | 356 | 6.46 9.28 | 14.14 6.69
1500ppm apple vinegar 0.00 | 339 | 6.14 8.81 | 13.42 6.35
15g yeast/vine+ 250ppm ethephon 3.87 | 7.04 | 11.76 | 16.47 | 24.32 12.69
15g yeast/vine+ 500ppm apple vinegar 0.00 | 296 | 5.43 7.83 | 11.97 5.64
159 yeast/vine+ 1000ppm apple vinegar | 0.00 | 2.84 | 5.20 750 | 11.45 5.40
15g yeast/vine+ 1500ppm apple vinegar | 0.00 | 2.66 | 4.85 6.98 | 10.65 5.03
MEANS (D) 0.81 | 4.16 7.35 10.47 | 15.80
new L.S.D. at 0.05 (T) = 0.36
new L.S.D. at 0.05 (D) = 0.26
new L.S.D. at 0.05 (TXD) = 0.81
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TABLE 8. Effect of yeast, ethephon and apple vinegar on berry firmness (g/cm2) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season
Dates (D) Days in cold storage
Treatments (T) 0 7 14 | 21 | 28 M'%TA)NS
Control 30.34 | 28.94 | 27.61 | 26.34 | 25.13 | 27.67
15g yeast/vine 31.56 | 30.11 | 28.73 | 27.40 | 26.14 | 28.79
250ppm ethephon 29.82 | 28.45 | 27.14 | 25.89 | 24.70 | 27.20
500ppm apple vinegar 30.56 | 29.15 | 27.81 | 26.53 | 25.31 | 27.87
1000ppm apple vinegar 30.86 | 29.44 | 28.09 | 26.79 | 25.56 | 28.15
1500ppm apple vinegar 31.17 | 29.74 | 28.37 | 27.06 | 25.82 | 28.43
159 yeast/vine+ 250ppm ethephon 30.02 | 28.64 | 27.32 | 26.07 | 24.87 | 27.38
iﬁ?eggfs”"i”e* 500ppm apple 31.93 | 3046 | 29.06 | 27.72 | 26.45 | 29.12
iﬁ?eé’zfswi”“ 1000ppm apple 3226 | 30.78 | 29.36 | 28.01 | 26.72 | 29.43
iﬁ?eé’zfswi”e* 1500ppm apple 3347 | 31.93 | 3046 | 2006 | 27.72 | 3053
MEANS (D) 31.20 | 29.76 | 28.40 | 27.09 | 25.84

new L.S.D. at 0.05 (T) = 1.07

new L.S.D. at 0.05 (D) = 0.76

new L.S.D. at 0.05 (TXD) = 2.40

2012 season
Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI?%NS
Control 29.85 | 28.48 | 27.17 | 25.92 | 24.72 | 27.23
159 yeast/vine 31.03 | 29.61 | 28.24 | 26.95 | 25.71 | 28.31
250ppm ethephon 29.32 | 27.97 | 26.69 | 25.46 | 24.29 | 26.75
500ppm apple vinegar 30.03 | 28.65 | 27.33 | 26.07 | 24.87 | 27.39
1000ppm apple vinegar 30.34 | 28.95 | 27.62 | 26.35 | 25.13 | 27.68
1500ppm apple vinegar 30.61 | 29.20 | 27.86 | 26.58 | 25.35 | 27.92
15g yeast/vine+ 250ppm ethephon 29.52 | 28.16 | 26.87 | 25.63 | 24.45 | 26.93
é?{?eé’gfswi”“ 500ppm apple 31.40 | 20.96 | 2858 | 27.26 | 26.01 | 28.64
\:t?[?eélgfst/vinﬁ 1000ppm apple 31.73 | 30.27 | 28.87 | 27.55 | 26.28 | 28.94
\llfr?eé’gfs”"i”e* 1500ppm apple 3291 | 31.40 | 29.95 | 2857 | 27.26 | 30.02
MEANS (D) 30.67 | 29.26 | 27.92 | 26.63 | 25.41

new L.S.D. at 0.05 (T) = 1.03

new L.S.D. at 0.05 (D) = 0.73

new L.S.D. at 0.05 (TXD) = 231
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The increase in berry colour during cold storage period may be attributed to
the effect of water loss and endogenous sugars which considered being
fundamental agents for synthesis of anthocyanin and other phenol compounds
(Pirie and Mullins, 1977 ).

Similar results were obtained by Gerasopoulos and Stavroulakis (1999) who
found that storage of control fruit at 0 °C delayed ripening; ethephon-treated fruit
increased of anthocyanin content compared to the control of 'Sceptar' red
raspberries. Also, Kelany et al. (2011) found that spraying of clusters with ethrel
at 500 ppm increased anthocyanin percentage in comparison with the control
after four weeks of cold storage of Flame Seedless grapes.

Chemical properties

Percentage of total soluble solids (TSS)

Data in Table 10 revealed that, there was a gradual and significant increase in
the berry juice TSS (%) till the end of the cold storage period. This increase can
be due to the moisture loss. Application with yeast + 1500 ppm apple vinegar
recorded the highest TSS (%) at the last sampling date, i.e. after four weeks of
cold storage (19.14 & 19.53%) in both seasons, respectively. While, the control
grapes had the lowest TSS percentages (18.51 & 18.94%) after four weeks of
cold storage in both seasons, respectively.

Similar results were obtained by Ezz et al. (2012) found that foliar spraying
with 3g/L active dry yeast increased TSS compared to control in Alphonse and
Badami mango fruits. With respect to ethephon application, Kelany et al. (2011)
found that spraying of clusters by ethrel at 500 ppm increased TSS percentage
more than control after four weeks of cold storage of Flame Seedless grapes.
Concerning to the effect of apple vinegar, Hosseini et al. (2013) found that
Iranian white lettuce treated with 10g/L aqueous solution of acetic acid soaked
for 5 minutes increased TSS during ambient storage at temperature of 25°C and
65% RH.

Percentage of acidity

As shown in Table 11 it is obvious that berry juice acidity decreased
gradually till the end of the cold storage period. Berry juice acidity was
decreased by spraying with ethephon or different doses of apple vinegar either
alone or in combination with yeast. The lowest berry juice acidity (0.39 &
0.40%) was recorded after four weeks of cold storage as a result of applying
yeast + 1500 ppm apple vinegar in the two seasons, respectively. On the other
hand, grapes of the control showed the highest berry juice acidity (0.52 &
0.55%) after four weeks of cold storage in both seasons, respectively.

The obtained results are similar to those achieved by Kelany et al. (2011)
who found that spraying of clusters by ethrel at 500 ppm decreased berry acidity
percentage compared to control after four weeks of cold storage of Flame
Seedless grapes.
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TABLE 9. Effect of yeast, ethephon and apple vinegar on color (Hue angle) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season

Dates (D) Days in cold storage
Treatments (T) 0 7 14 | 21 | 28 M'?%NS
Control 32.87 30.80 | 28.86 | 25.28 | 23.69 | 28.30
159 yeast/vine 29.74 27.87 | 26.11 | 22.87 | 21.43 | 25.60
250ppm ethephon 28.94 2712 | 2541 | 22.26 | 20.86 | 24.92
500ppm apple vinegar 30.49 28.57 | 26.77 | 23.45 | 21.97 | 26.25
1000ppm apple vinegar 28.81 26.99 | 25.29 | 22.16 | 20.76 | 24.80
1500ppm apple vinegar 28.73 26.92 | 25.22 | 22.10 | 20.70 | 24.73

159 yeast/vine+ 250ppm ethephon 28.65 26.85 | 25.15 | 22.03 | 20.65 | 24.67
159 yeast/vine+ 500ppm apple

29.37 2752 | 25.79 | 2259 | 21.17 | 25.29

vinegar
éfr?eé’zfswi”“ 1000ppm apple 2853 | 26.73 | 25.05 | 21.94 | 2056 | 24.56
\%?r?eé’gfswi”” 1500ppm apple 2841 | 2662 | 24.94 | 2185 | 20.47 | 24.46
MEANS (D) 29.45 27.60 | 25.86 | 22.65 | 21.23
new L.S.D. at 0.05 (T) = 0.09
new L.S.D. at 0.05 (D) = 0.06
new L.S.D. at 0.05 (TXD) = 0.20
2012 season

Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI?%NS
Control 31.78 29.78 | 27.90 | 24.44 | 22.90 27.36
15g yeast/vine 28.43 26.64 | 24.96 | 21.87 | 20.49 24.48
250ppm ethephon 27.83 26.08 | 24.43 | 21.40 | 20.06 23.96
500ppm apple vinegar 29.17 27.33 | 25.61 | 2243 | 21.02 25.11
1000ppm apple vinegar 271.74 25.99 | 2435 | 21.33 | 19.99 23.88
1500ppm apple vinegar 27.67 2593 | 2429 | 21.28 | 19.94 23.82

159 yeast/vine+ 250ppm ethephon 27.56 25.82 | 24.20 | 21.20 | 19.86 23.73
15g yeast/vine+ 500ppm apple

28.07 26.30 | 2464 | 21.59 | 20.23 24.17

vinegar

15g yeast/vine+ 1000ppm apple 2751 | 2578 | 2415 | 2116 | 1983 | 2368
vinegar

15g yeast/vine+ 1500ppm apple 2737 | 2565 | 2403 | 2105 | 1972 | 2356
vinegar

MEANS (D) 2831 | 2653 | 24.86 | 21.78 | 20.40

new L.S.D. at 0.05 (T) = 0.07

new L.S.D. at 0.05 (D) = 0.05

new L.S.D. at 0.05 (TXD) = 0.16
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TABLE 10. Effect of yeast, ethephon and apple vinegar on TSS (%) of Flame Seedless
grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season

Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 M%%NS
Control 16.07 | 16.74 | 17.31 | 17.90 | 18.51 17.31
15g yeast/vine 16.25 | 16.95 | 17.54 | 18.16 | 18.79 17.54
250ppm ethephon 16.35 | 17.05 | 17.63 | 18.23 | 18.85 17.62
500ppm apple vinegar 16.18 | 16.88 | 17.47 | 18.08 | 18.71 17.46
1000ppm apple vinegar 16.28 | 16.98 | 17.59 | 18.22 | 18.88 17.59
1500ppm apple vinegar 16.31 | 17.01 | 17.61 | 18.22 | 18.86 17.60

15¢ yeast/vine+ 250ppm ethephon 16.37 | 17.07 | 17.71 | 18.36 | 19.04 17.71
159 yeast/vine+ 500ppm apple

16.27 | 16.97 | 17.58 | 18.21 | 18.87 17.58

vinegar
ifr?eé’zfswi”“ 1000ppm apple 16.38 | 17.08 | 17.70 | 1834 | 19.00 | 17.70
ifr?eé’zfswi”“ 1500ppm apple 1641 | 1712 | 17.77 | 1844 | 1914 | 17.77
MEANS (D) 16.29 | 16.99 | 17.59 | 18.22 | 18.87
new L.S.D. at 0.05 (T) = 0.06
new L.S.D. at 0.05 (D) = 0.04
new L.S.D. at 0.05 (TXD) = 0.13
2012 season
Date (D) Days in cold storage
Treatment (T) 0 7 14 21 28 MI?%NS
Control 16.43 | 17.14 | 17.72 18.32 | 18.94 17.71
159 yeast/vine 16.57 | 17.28 | 17.89 | 1851 | 19.16 17.88
250ppm ethephon 16.67 | 17.39 | 17.98 | 1859 | 19.22 17.97
500ppm apple vinegar 16.56 | 17.27 | 17.88 | 18.50 | 19.15 17.87
1000ppm apple vinegar 16.62 | 17.33 | 17.96 | 18.61 | 19.28 17.96
1500ppm apple vinegar 16.64 | 17.36 | 17.96 | 18,59 | 19.24 17.96

15g yeast/vine+ 250ppm ethephon 16.68 | 17.40 | 18.04 | 18.71 | 19.40 18.05
15g yeast/vine+ 500ppm apple

16.60 | 17.31 | 17.94 | 1858 | 19.25 17.94

vinegar

15g yeast/vine+ 1000ppm apple 1670 | 17.42 | 1805 | 1869 | 1937 | 1805
vinegar

159 yeast/vine+ 1500ppm apple | 1674 | 1746 | 1812 | 1881 | 1953 | 1813
vinegar

MEANS (D) 1662 | 17.34 | 17.95 | 1859 | 19.25

new L.S.D. at 0.05 (T) = 0.07

new L.S.D. at 0.05 (D) = 0.05

new L.S.D. at 0.05 (TXD) = 0.16
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TABLE 11. Effect of yeast, ethephon and apple vinegar on acidity (%) of Flame
Seedless grapes through 30 days storage period in 2011 and 2012 seasons.

2011 season

Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI%%NS
Control 0.65 0.61 0.58 0.55 0.52 0.58
15g yeast/vine 0.62 0.59 0.57 0.55 0.54 0.57
250ppm ethephon 058 | 054 | 050 | 047 0.43 0.50
500ppm apple vinegar 0.63 0.60 0.57 0.54 0.51 0.57
1000ppm apple vinegar 0.59 0.56 0.53 0.51 0.48 0.53
1500ppm apple vinegar 0.59 0.55 0.51 0.48 0.46 0.52
15g yeast/vine+ 250ppm ethephon 0.56 0.53 0.49 0.46 0.43 0.49

15g yeast/vine+ 500ppm apple vinegar | 0.60 0.58 0.56 0.55 0.53 0.57
159 yeast/vine+ 1000ppm apple

0.55 0.51 0.48 0.44 0.41 0.48

vinegar
i?r?eé’gfsw'”e* 1500ppm apple 053 | 050 | 0.47 | 043 | 039 | 046
MEANS (D) 059 | 056 | 053 | 050 | 0.47
new L.S.D. at0.05 (T) = 0.02
new L.S.D. at 0.05 (D) = 0.01
new L.S.D. at 0.05 (TXD) = 0.04
2012 season
Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI?%NS
Control 0.67 0.64 | 0.61 0.58 0.55 0.61
15g yeast/vine 065 | 062 | 0.60 | 0.58 0.56 0.60
250ppm ethephon 0.60 0.56 0.52 0.48 0.45 0.52
500ppm apple vinegar 0.66 0.63 0.60 0.57 0.54 0.60
1000ppm apple vinegar 0.63 0.60 0.57 0.54 0.51 0.57
1500ppm apple vinegar 0.62 0.58 0.54 0.51 0.48 0.55
15g yeast/vine+ 250ppm ethephon 0.59 0.55 0.51 0.47 0.44 0.51

15g yeast/vine+ 500ppm apple vinegar | 0.63 0.61 0.59 0.57 0.56 0.59
159 yeast/vine+ 1000ppm apple

0.57 0.53 0.49 0.46 0.43 0.50

vinegar

iﬁ?eé’gfs”"'”” 1500ppm apple 056 | 052 | 047 | 044 | 040 | 048
MEANS (D) 0.62 058 | 055 | 052 0.49

new L.S.D. at 0.05 (T) = 0.01

new L.S.D. at 0.05 (D) = 0.01

new L.S.D. at 0.05 (TXD) = 0.02
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TSS/acid ratio

Results presented in Table 12 indicated that TSS/acid ratio increased
gradually and significantly with the extension of the cold storage period in both
seasons. Application with yeast + 1500 ppm apple vinegar recorded the highest
TSS/acid ratio (48.82 & 48.67) at the last sampling date, i.e. after four weeks of
cold storage in both seasons, respectively. On the other hand, grapes of the
control had the lowest values (35.42 & 34.50) at the end of the cold storage
period in both seasons, respectively.

These results are in line with those obtained by Kelany et al. (2011) who
found that spraying of clusters by ethrel at 500 ppm increased TSS/acid ratio
more than control after four weeks of cold storage of Flame Seedless grapes.

In conclusion, it can be said that all yeast treatments either alone or in
combination with ethephon or different doses of apple vinegar gave the best
results in comparison with control. Application with yeast + 1500 ppm apple
vinegar resulted in the best yield and its components as well as the physical
properties of bunches and improved the physical and chemical characteristics of
berries. With respect to the effect of application with yeast either alone or in
combination with ethephon or different doses of apple vinegar on clusters during
cold storage for four weeks at 0°C, RH 90-95%, it was noticed that all
treatments, except for ethephon treatments, were effective in enhancing
storability, since it reduced wastage resulting either from disease infection or
physiological disorders and inhibited the rate of deterioration of grapes physical
and chemical properties during cold storage by reducing weight loss (%), decay
(%), shattering (%), total spoilage (%) and the decrease in firmness. Application
with yeast + 1500 ppm apple vinegar increased berry colour, TSS and TSS/acid
ratio and decreased acidity compared to control.
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TABLE 12. Effect of yeast, ethephon and apple vinegar on TSS/acid ratio of Flame
Seedless grapes through 30 days storage period in 2011 and 2012

seasons.

2011 season

Dates (D) Days in cold storage
Treatments (T) 0 7 14 21 28 MI%%NS
Control 2472 | 27.64 | 30.02 | 32.61 | 3542 30.08
159 yeast/vine 26.21 | 28.78 | 30.70 | 32.76 | 34.96 30.68
250ppm ethephon 28.19 | 31.61 | 35.15 | 39.08 | 43.45 35.50
500ppm apple vinegar 25.68 | 28.20 | 30.72 | 33.47 | 36.46 30.91
1000ppm apple vinegar 27.59 | 30.29 | 33.04 | 36.03 | 39.29 33.25
1500ppm apple vinegar 27.64 | 31.00 | 34.50 | 37.59 | 40.95 34.34
15g yeast/vine+ 250ppm ethephon 29.23 | 32.09 | 35.79 | 39.90 | 44.49 36.30
15g yeast/vine+ 500ppm apple vinegar 27.12 | 29.16 | 31.14 | 33.26 | 35.52 31.24
159 yeast/vine+ 1000ppm apple vinegar | 29.78 | 33.40 | 37.21 | 41.45 | 46.17 37.60
15g yeast/vine+ 1500ppm apple vinegar | 30.96 | 34.35 | 37.94 | 42.80 | 48.82 38.98
MEANS (D) 27.71 | 30.65 | 33.62 | 36.90 | 40.55
new L.S.D. at 0.05 (T) = 1.33
new L.S.D. at 0.05 (D) = 0.94
new L.S.D. at 0.05 (TXD) = 2.98

2012 season

Dates (D) Days in cold storag
Treatments (T) 0 ! 1 2 28 MI%%NS
Control 2452 | 26.92 | 29.24 | 31.76 | 34.50 29.39
159 yeast/vine 2549 | 27.99 | 29.86 | 31.86 | 34.00 29.84
250ppm ethephon 27.78 | 31.16 | 34.64 | 38.52 | 42.83 34.99
500ppm apple vinegar 25.09 | 27.55 | 30.01 | 32.70 | 35.62 30.19
1000ppm apple vinegar 26.38 | 28.96 | 31.59 | 34.44 | 37.56 31.79
1500ppm apple vinegar 26.84 | 30.10 | 33.50 | 36.50 | 39.76 33.34
15g yeast/vine+ 250ppm ethephon 28.27 | 31.71 | 35.35 | 39.42 | 43.96 35.74
15g yeast/vine+ 500ppm apple vinegar 26.35 | 28.33 | 30.26 | 32.32 | 34.52 30.36
159 yeast/vine+ 1000ppm apple vinegar | 29.30 | 32.86 | 36.60 | 40.78 | 45.42 | 36.99
159 yeast/vine+ 1500ppm apple vinegar | 29.89 | 33.89 | 38.24 | 43.14 | 48.67 | 38.77
MEANS (D) 26.99 29.95 | 32.93 | 36.14 | 39.68
new L.S.D. at 0.05 (T) = 1.47
new L.S.D. at 0.05 (D) = 1.04
new L.S.D. at 0.05 (TXD) = 3.29
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