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Abstract:

The experiment was conducted during 2013/2014 and 2014/2015 succes-
sive storage seasons. A combination of two local cultivars of garlic namely, As-
siut and ElI-Minia were arranged in a randomized complete block design (CRBD)
with 4 replicates. This work aimed to study the effect of storage methods (pack-
aging including storage in news paper and polyethylene bags, Basal stem remov-
ing, heat and Edible coating treatments (Agar, Agar+Gellan, Agar+Chitosan,
Gellan and Chitosan) on some garlic physical and chemical properties. It could
be concluded that garlic physical and chemical properties of stored garlic bulbs
significantly influenced by the storage methods. Keeping it in Polyethylene bags
gave the highest weight losses while wrapping in newspaper gave the minimum
weight losses (%) and empty cloves (%). Protein and flavonoid significantly in-
creased while carbohydrate (%) significantly decreased in comparison to fresh
and control treatment as a results of storage treatments.
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Introduction

Garlic (Allium sativum L.) be-
longs to family Alliacease. It is an
important bulb crop which represents
major ingredient of many food prepa-
rations after onion. Garlic is har-
vested in the Upper Egypt mid April
and stored at room temperature to
meet consumer demand. In order to
keep the quality of garlic, people used
to store garlic in different ways. The
quality characteristics of garlic which
complement the general criteria for
U.S. Grade 1 were described by
Cantwell (2003). Maintaining garlic
in the state of dormancy for long time
is considered the important way of
the employed technology for storing.

Several treatments (storage sys-
tem) were investigated to reduce gar-
lic deteriorates after harvest. More-
over, several researchers investigated
the effect of various packing types on

garlic quality during storage. Bahna-
sawy and Dabee (2006) reveal that
plastic packages recorded the lowest
total weight losses (15.30%), while it
was 16.96% for the clothe packages
under the cold storage system. Con-
ventional food packaging materials is
usually effective in terms of backing
materials but their non-
biodegradability creates serious envi-
ronmental problems, motivating re-
searches on edible biopolymer films
and coatings to at least partially re-
place synthetic polymers as food
packaging materials to decrease res-
piration rates and moisture loss in
fresh fruits and vegetables. Marita et
al. (2003) concluded that hot water
treatments may be useful to peeled
garlic processors when raw product
has undesirable internal sprout
growth, but is otherwise of excellent
quality.
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Chitosan is a biopolymer, which
is the second most abundant polysac-
charide on nature after cellulose. It
may be employed as packaging, par-
ticularly as edible films or coatings,
enhancing shelf life of a diversity of
food products (Henriette et al., 2010).
Geraldine et al. (2008) found that
coating of minimally processed garlic
cloves with agar-agar based (1%)
coatings incorporated with 0.2% chi-
tosan and 0.2% acetic acid; the coat-
ing ensured lower color variation,
moisture loss and respiration rate,
prolonging shelf life. Nussinovitch
and Hershko (1996) using hydrocol-
loid coatings of Alginate and gellan
and carrageenan films extended the
shelf-life of garlic. Gellan created
stronger and more brittle coatings.
Storage of garlic bulbs influences the
chemical composition. There is a
widespread need to find out a suitable
storage method for storing garlic
bulbs which can maintain the quality
and reduce the losses for long time.
Hence, this investigation conducted
to find out the effect of different stor-
age methods in reducing storage
losses in garlic.

Materials and Methods

The experiment was conducted
to assess the storability of garlic
bulbs using different storage methods
during 2013/2014 and 2014/2015
successive storage seasons. The stor-
age study was conducted at the Vege-
tables Department, Faculty of Agri-
culture, Assiut, Egypt. Two local cul-
tivars of garlic were collected directly
from the farmers in different location
(El-Mandra, Assiut, Egypt and Nazlet
Mahmud, El-Minia, Egypt). Bulbs of
cultivars of garlic namely, Assiut and
El-Minia were procured after harvest-
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ing in the mid of April of each sea-
son. Garlic bulb roots were shorted to
4-6 cm long from the bulb basal stem
and cured in natural condition. After
the curing of the harvested garlic
bulbs a suitable bulb was selected for
the study. All chemical analysis were
carried out at Food Science & Tech-
nology Department laboratories, Fac-
ulty of Agriculture, Assiut, Egypt.

All storage treatments included
the following main treatments:

1- Packaging treatments included
storage in News Paper and polyethyl-
ene bags.

2- Basal stem removing.

3- Sprout control treatments: Cured
garlic bulbs were submerged in circu-
lating water at a temperature of 60
degrees Celsius for five minutes and
left to draying in room temperature
for 24 hour.

4- Edible coating treatments in-
cluded Garlic bulbs were immersed in
(Agar, Agar+Gellan, Agar+Chitosan,
Gellan and Chitosan) solutions.
Edible Coating Solution prepara-
tion:

1-Agar Solution: Agar coating
solutions (1 g/100mL) were prepared
by dissolving Agar powder in dis-
tilled water. The solutions were
equilibrated at 90°C and stirred vig-
orously with a magnetic stirrer bar for
30 min on a hotplate. The solutions
were cooled to room temperature.

2- Gellan Solution: Gellan coat-
ing solutions (0.5 g/100mL) were
prepared by slowly dissolving gellan
powder in distilled water. The solu-
tions were equilibrated at 70°C and
stirred vigorously with a magnetic
stirrer bar for 40 min on a hotplate.
The solutions were cooled to room
temperature.
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3- Chitosan Solution: Chitosan
solution made by dissolving 10 g chi-
tosan powder into 1 liter distilled wa-
ter containing 1% glacial acetic acid
and stirred with a magnetic stirrer bar
for 1 hr.

4- Agar + Chitosan Solution:
Edible coating solutions were elabo-
rated from a base solution of agar at
1% (w/v) and incorporated with 0.2%
of chitosan which were prepared from
(1% chitosan and 1% glacial acetic
acid distilled water). The solution
stirred until complete dissolution of
the components.

5- Agar+ Gellan Solution: Edi-
ble coating solution prepared by dis-
solving mix of 2.5 g of gellan powder
and 5 gm agar powder into 1 liter dis-
tilled water. The solutions were
heated at 90°C and stirred with a
magnetic stirrer bar for 30 min on a
hotplate. The solution was cooled to
room temperature.

The storage experiment was de-
signed with 10 storage treatments and
2 cultivars in a randomized complete
block design (CRBD) with 4 repli-
cates. The treatments are presented as
follows:

1. Control treatment (samples
without storage treatment).

2. Cured garlic plant kept in
Polyethylene bags.

3. Cured garlic plant wrapped
up in News Paper.

4. Removing bulbs basal stem
(RBS)

5. Bulbs were submerged in
water bath at 60°C for 5 minutes
(heat)

6. Bulbs were submerged in
Agar Solution.

7. Bulbs were submerged in
Agar+ Gellan Solution.
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8. Bulbs were submerged in
Agar+ Chitosan Solution.

9. Bulbs were submerged in
Gellan Solution.

10. Bulbs were submerged in
Chitosan Solution.

All treatments replicated four
times (about 500 g each) and stored
according each storage treatments.
Garlic samples were taken randomly
from different treatments every
month for the determination of
weight loss using the following for-
mula:-

Weight loss (%) = Initial weight —
Net weight at specific time/ Initial
weight

At the end of storage period,
cloves empty and bulb firmnesses
(using pentameter) were determined.
The samples were taken twice for
chemical analysis once in the middle
of the season and the other at the end
of the storage season. Fresh garlic be-
fore storage and after curing was
added to the analysis to compare it
with storage treatments. Also, chemi-
cal analysis for composition of the
garlic was carried out before storage
period. Garlic cloves were dried in
oven (50°C) and grind to a fine pow-
der wusing grinder. According to
AOAC (2000) methods, cured pro-
tein, ash and total carbohydrate
Hedge and Hofreiter (1962) and fla-
vonoid were determined according to
Marinova et al. (2005).

Statistical analysis

All data were analyzed using the
analysis of variance (ANOVA) and
performed to compare mean values of
different storage and control samples.
The LSD test was applied to determi-
nate differences among means at a
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5% significance level. Gomez and
Gomez (1984).
Results and Discussion

Results of this investigation fo-
cused firstly on the impact of several
storage treatments on physical prop-
erties including the weight losses (%)
of garlic plant, firmnesses and the
empty cloves (%), secondly on the
chemical composition of dried garlic
bulbs stored for 11 months.
1. Physical properties

1.1 Total weight loss (%)

Figure (1) and (2) show the total
weight loss (%) of the garlic during
storage as affected by different types
of storage methods in two storage
seasons. Concerning the effect of

package type, the highest value of the
total weight loss of the garlic
(34.46% and 36.37%) for Assiut and
El-Minia cultivars were recorded by
the garlic bulbs stored in polyethyl-
ene bags in 1% season (2013 /2014).
This may be explained under the
bases that the condensation of mois-
ture in this type of bags which en-
courage fungus spores germination,
infection and further development
during storage. El-Marzoky and Sha-
ban (2013) reported that the highest
significant losses were recorded in
inoculated bulbs with B. allii and
placed in non-perforated polyethylene
bags (90.7%).
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Fig.(1) Effect of storage treatments on weight losses (%) and cultivars in the 1% storage

season (2013/2014).

The lowest weight loss values
(11.27% and 15.94%) and (14.53 and
15.21%) were recorded for garlic cul-
tivars (Assiut and El-Minia) stored in
newspaper in both storage seasons,
respectively. The statistical analysis
showed highly significant differences
in the total weight losses due to the
different treatment of storage. The
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lowest value of weight losses of
cured garlic plant wrapped up in
newspaper may be due to the regula-
tion of oxygen transport, carbon diox-
1de, moisture and, also, reduces the
loss of flavor and aroma (Miller and
Krochta, 1997).

In relation to the treatment of
basal stem removing and sprout con-
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trol treatments T4(BSR) and TS5
(heat), the highest losses (20.87 and
19.85%) for Assiut and El-Minia cul-
tivars were recorded by the garlic
bulbs stored at BSR treatment (T4),
while it was 17.33 and 18.8% when
stored at (T5), in the 1* storage sea-
son. The statistical analysis showed
highly significant differences be-
tween both T4 and T5. Weight losses
in Assiut cv. under heat storage
treatment was significantly decreased
by 5.44% compared to the control.
Figure (1) shows clearly that result of
weight losses of Assiut cultivar. In
the 1% storage season was signifi-
cantly decreased comparing with El-
Minia cv. under all coating treat-
ments, while this trend (difference
between two cv.) was insignificantly
in the 2™ storage season. Heat treat-
ments has beneficial effects that may
be occur through changes in physio-
logical processes (Lurie S. 1998), or
by killing of critical insect contami-
nations, and by controlling the onset
of fungal decay (Schirra et al., 2000).

In edible coating treatment gel-
lan coating (T9) in the 1* storage sea-
son (2013/2014) gave minimum
weight losses in garlic bulbs of Assiut
cv. (12.34%) and (15.85%) for El-
Minia cv.

The obtained results in the 2™
storage season (2013/2014) emphases
the results in the 1% storage season.
The lowest wvalues (14.53 and
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15.21%) were recorded for garlic cul-
tivars Assiut and El-Minia stored in
newspaper in 2" season, respectively.
Figure (2) show that T2 gave the
highest value and T3 gave the mini-
mum value. All storage treatments
take the same trend as demonstrated
in the 1% season.

Moreover, the second storage
season in Figure (2) shows the mini-
mum weight losses value of Assiut
cv. (15.26%) due to gellan coating
garlic bulbs stored treatment in (T9),
while it was 15.99% for El-Minia cv.
by gellan coating garlic bulbs stored
treatment in (T9). The weight losses
due to coating of garlic bulbs may be
due to the reduction in clove respira-
tion and Water vapor transmission;
coating ensured lower color variation,
moisture loss and respiration rate,
prolonging shelf life. In this context
as reported by Geraldine ef al. (2008)
significant reduction (p < 0.05) in
clove respiration. Water vapor trans-
mission was lower for the films
added with chitosan due to coating
garlic bulbs with agar-agar based
(1%) incorporated with 0.2% chitosan
and 0.2% acetic acid. Henriette et al.
(2010) reported that Chitosan forms
clean, tough and flexible films with
good oxygen barrier, which may be
employed as packaging, particularly
as edible films or coatings, enhancing
shelf life of a diversity of food prod-
ucts.
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Fig.(2) Effect of storage treatments on weight losses% and cultivars in the P storage

season (2014/2015).

Generally, minimum weight
losses in garlic bulbs due to storage
methods was obtaiend in warapping
in news paper as one of packing types
and in gellan coating as on of edible
coatin treatments.

1.2. Empty
firmness

Concerning the effect of storage
treatments on empty cloves, Table (1)
clearly shows that T4 gave the high-
est value of empty cloves (34.9% and
43.5%) while, T3 gave the minimum
values (18.0 and 22.7%) in the 1* and
2" season compared to the control
T1, respectively. These results could
be attributed to number of factors

cloves % and
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namely decay, injuries, pests, weight
loss and  sprout Bahnasawy and
Dabee (2006).

Polyethylene packing storage
treatment in (T2) as well as, hot water
dips (T5) had no effect on firmness as
reported by Cantwell et al. (2003). In
addition, El-Minia cv. surpassed As-
siut cv. in empty cloves. Interaction
effects reveal that EI-Minia cv.
treated with T4 gave the highest
empty cloves. While Assiut cv.
treated with T3 gave the minimum
values of empty cloves. Edible coat-
ings have the potential to reduce
moisture loss and firmness loss re-
ported by Li and Barth (1998).
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Table 1. Effect of storage treatments on empty cloves and firmness of Assiut and
El-Minia cultivars in two storage seasons.

Empty cloves % Firmnesses

Tre. 1% season 2 "Tseason 1* season 2 "Tseason

Vi V, M Vi V, M Vi V, M Vi V, M

T1 18.5 | 342 | 264 | 32.7 | 37.0 | 348 | 3.27 | 2.16 | 2.72 | 3.90 | 3.66 | 3.78

T2 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

T3 10.9 | 252 | 18.0 | 16.7 | 28.8 | 22.7 | 3.28 | 2.68 | 2.98 | 4.00 | 4.61 | 4.30

T4 30.1 | 39.8 | 349 | 42.8 | 44.1 | 435 | 1.92 | 2.05 | 1.99 | 2.75 | 3.05 | 2.90

TS5 18.4 | 33.5 1259 | 294 | 36.2 | 32.8 | 3.19 | 2.83 | 3.01 | 3.62 | 4.66 | 4.14

T6 18.2 | 28.6 | 23.4 | 28.8 | 35.0 | 31.9 | 3.82 | 2.87 | 3.34 | 4.50 | 4.69 | 4.59

T7 16.1 | 259 | 21.0 | 27.2 | 30.2 | 28.7 | 4.00 | 3.62 | 3.81 | 4.62 | 527 | 4.95

T8 12.7 1265 | 19.6 | 21.4 | 32.1 | 26.7 | 3.71 | 3.38 | 3.55 | 425 | 5.26 | 4.75

T9 11.5 | 25.6 | 18.6 | 19.5 | 289 | 24.2 | 3.42 | 3.16 | 3.29 | 4.07 | 4.77 | 4.42

T10 12.6 | 283 | 204 | 21.1 | 32.8 | 27.0 | 2.59 | 2.61 | 2.60 | 3.08 | 4.52 | 3.80

Mean | 14.9 | 26.8 239 | 30.5 2.92 | 2.54 3.48 | 4.05
Tre. = Storage treatment V,;=Assuit V,=El-Minia M =Mean

F-test (Cv.) Hk Hk Hk Hk

L.S.D. 0.05 B (Tre.) = 0.727 1.68 0.46 0.37

L.S.D. 0.05 AB (Tre.) = 1.02 2.37 0.65 n.s

Results in Table (1) show that In conclusion, the results of the

firmnesses were affected by storage physical properties under the study
treatments. Mean value of all treat- revealed the responses of garlic to
ments significantly increased firm- storage methods throughout the stor-
nesses compared to the control except age period was significantly different
T2. The highest value was obtained (p<0.05) for Assiut and El-Minia cul-
as a result of T7 storage treatment. tivars. This responsibility could be as
While, T4 gave the minimum value result of genetic quality of this par-
of garlic firmnesses compared to the ticular cultivar of the garlic cultivars.
control. 2. Chemical properties

Table 2. Effect of storage treatments on ash percent of Assiut and El-Minia culti-
vars in two storage seasons.

1* season 2" season

Tre. Mid End Mid End

Vi V, M Vi V, M Vi V, M Vi V, M

Fresh | 3.14 | 3.73 | 343 | 3.14 | 3.73 | 343 | 3.78 | 3.94 | 3.86 | 3.78 | 3.94 | 3.86

T1 4.58 | 552 |505]5926.11 |6.01 | 6.04 | 5.60 | 582 | 7.45] 641 | 6.93

T2 440 | 6.20 | 5.30 | 0.00 | 0.00 | 0.00 | 3.97 | 6.82 | 5.40 | 0.00 | 0.00 | 0.00

T3 443 | 539 | 491 | 515|597 |556|4.13 | 538|475 6.87 | 634 | 6.60

T4 470 | 560 | 515|519 628|573 447|572 |5.09|7.12 ] 6.48 | 6.80

TS 492 | 6.12 | 552|552 | 7.56 | 6.54 | 557 | 630|593 | 7.16 | 741 | 7.28

T6 479 | 589 |534 531 650|591 |465]6.01)533]7.14]6.80 | 6.97

T7 488 | 585 | 536|545 629 | 587|483 ]576|529|7.15] 653 | 6.84

T8 4.08 | 6.08 | 5.08 | 4.65 | 6.76 | 570 | 3.83 | 6.28 | 5.06 | 6.49 | 6.97 | 6.73

T9 | 4.677 | 4.197 | 443 | 5.17 | 5.51 | 534 | 424 | 433 | 429 | 7.05 | 6.30 | 6.68

T10 | 432 | 551 [ 492 470|627 | 548 | 3.85 | 5.72 | 478 | 6.86 | 6.44 | 6.65

Mean | 4.44 5.46 4,56 | 5.54 449 | 5.62 6.10 | 5.78
Tre. = Storage treatment V|, =Assuit V,=El-Minia M =Mean

F-test (Cv.) ok ok ok ok
L.S.D.0.05 B (Tre)= 0.219 0.208 0.166 0.164
L.S.D.0.05 AB (Tre.)= 0.310 0.295 0.235 0.232
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2.1. Ash %

Table (2) shows the effect of stor-
age treatments on the chemical compo-
sition of Assiut and El-Minia cultivars
of garlic after storage including Ash
(%). Concerning the effect of cultivars
on the Ash (%), results reveal that the
mean value of Ash percent of El-Minia
cv. surpassed Assiut Cv. This is true
under 1%, 2" season. The mean values
of Ash percent due to storage treat-
ments increased with increasing stor-
age period. T2 proved that polyethyl-
ene packing could not continue until
the 2™ season. This is true each storage
season. These results may be attributed
to increasing the depletion process dur-
ing the storage period of garlic plant as
reported by Nasrin ef al. (2008).

In addition to that, T6 gave the
highest mean value of Ash% in each
season and year. In the same time, the
highest mean values of Ash% as a re-
sult of storage treatment (T6) were sig-
nificantly increased compared to the
fresh and even the control in each sea-
son. The increase were 61.8, 91.2 and
55.3 and 92.1% for Assiut and El-
Minia cultivars over fresh treatments in
the 1% season, while the increase were

(7.8, 8.3%) and (1.7, 5.8 %) for both
cultivars over the control treatment re-
spectively.

Interaction effects of variety and
treatments on Ash% reveal that the
highest Ash% value (6.2%) was ob-
tained due to T2 for El-Minia cv. (Ta-
ble 2) 7.5 % due to T6 for El-Minia cv.
6.8% due to T2 for El-Minia and 7.4%
due to T1 for Assiut in the middle and
end of the 1® and 2™ season respec-
tively. Similar results were reported by
(Sipahioglu and Barringer 2003).

2.2 Protein percent

The results revealed that the mean
value of protein % was affected by all
storage treatments except T2 in the end
season of both storage seasons. (Table
3). Meanwhile, all mean values of pro-
tein significantly increased in compari-
son to fresh treatment and even control
treatment in each season. This increase
could be apparent due to the high per-
centage of moisture loss during storage
(Maalekuu et al. 2004). Results of the
interaction effects of cv. and storage
treatment show that the highest value
was obtained due to Assiut cv. under
the storage treatment T7.

Table 3. Effect of storage treatments on Protein percent of Assiut and EI- Minia cultivars

in two storage seasons.

1* season 2" season
Tre. Mid End Mid End
Vi V, M Vi V, M Vi V, M Vi V, M

Fresh | 184 | 206 | 19.5| 184 | 206 | 19.5| 20.3 | 21.5 | 209 | 20.3 | 21.5| 20.9
T1 203 | 232 | 21.7| 295 | 359 |32.7| 223 | 242 | 23.3 |30.0 | 38.6 | 34.3
T2 283 | 254 |126.8| 0.00 | 0.00 | 0.00 | 30.2 | 26.8 | 28.5|0.00 | 0.00 | 0.00
T3 249 | 252 | 250 325 | 37.8 |35.1| 26.8 | 26.7 | 26.8 |33.3|39.5]| 36.4
T4 258 | 22.5 |24.1| 36.5 | 34.6 | 355 | 280 | 23.2 |25.6 | 37.1 | 35.1] 36.1
T5 253 | 273 | 263 | 333 | 38.2 | 358 | 27.0 | 28.8 | 27.9]|34.0|39.5] 36.8
T6 256 | 22.8 | 242 | 35.1 354 1352 | 274 | 235 | 254|360 | 364 | 36.2
T7 284 | 22.1 | 252 | 395 | 34.1 |36.8| 30.5 | 23.1 | 26.8|40.3|29.5]|34.9
T8 258 | 28.1 |27.0| 363 | 39.3 | 378 | 275 | 289 | 282 |37.1 |41.5]|39.3
T9 279 | 244 1262 | 38.7 | 37.1 |379| 29.1 | 252 |27.2|39.7|39.3|39.5
T10 259 | 22.6 | 242 | 38.6 | 347 |36.6 | 29.1 | 234 | 26.3 |39.1 | 35.5| 37.3

Mean | 25.19 | 24.06 30.80 | 31.64 27.17 | 25.08 31.5|324

Tre. = Storage treatment V|, =Assuit V,=El-Minia M =Mean

F_test (CV) kk kk kk kk

L.S.D. 0.05B (Tre.)= 0.226 0.272 0.154 0.235

L.S.D. 0.05 AB (Tre.) 0.319 0.385 0.218 0.332
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2.3.
chin/100g)

The results in Table (4) revealed
that the mean value of flavonoid was
significantly affected by all storage
treatments except T2 (polyethylene
treatment) in the end season of both
storage seasons. Meanwhile, all mean
values of flavonoid significantly in-
creased compared to fresh treatment.
In comparison to control treatment,

Flavonoid cate-

(mg

the highest and minimum mean value
of flavonoid % in 1% and 2" seasons
(6.1 and 4.3%) for mid season, (9.3
and 6.7) for end season of 1% storage
season and (6.6 and 4.6%) for mid
season and 10.2 and 6.9%) for end of
the 2" season. These results con-
firmed by Ver’ssimo et al, (2010)
who reported that antioxidant activity
and total phenolic contents increased
over the storage time.

Table 4. Effect of storage treatments on flavonoid (mg catechin /100g) of Assiut
and El-Minia cultivars in two storage seasons.

1*" season 2" season
Tre. Mid End Mid End
Vi o, | M Vi V. M | Vi | V, M | V; Va2 M
Fresh | 424 | 410 | 4.17 | 424 | 4.10 | 4.17 | 3.99 | 4.71 | 435 | 3.99 | 4.71 4.35
T1 490 | 6.80 | 5.85 | 7.57 | 837 | 797 | 523 | 7.57 | 640 | 7.47 | 11.66 | 9.56
T2 452 | 415 | 433 | 0.00 | 0.00 | 0.00 | 4.09 | 5.15 | 4.62 | 0.00 | 0.00 0.00
T3 590 | 476 | 533 | 11.94 | 6.44 | 9.19 | 6.22 | 557 | 5.89 | 10.1 7.06 8.59
T4 5.89 | 6.31 | 6.10 | 10.65 | 8.10 | 9.38 | 6.02 | 7.18 | 6.60 | 9.85 | 10.20 | 10.02
g 4.66 | 4.75 | 4.71 7.54 | 623 | 6.89 | 452 | 5.18 | 4.85 | 6.99 | 6.97 6.98
T6 5.28 | 6.18 | 5.73 837 | 8.04 | 820 | 571 | 7.13 | 6.42 | 852 | 9.40 8.96
T7 546 | 550 | 548 | 10.13 | 7.90 | 9.01 | 590 | 6.52 | 6.21 | 9.47 | 8.94 9.20
T8 5.14 | 482 | 498 | 790 | 6.54 | 7.22 | 528 | 5.63 | 545 | 7.56 | 7.47 7.52
T9 5.23 | 5.62 | 5.43 8.11 7.98 | 8.04 | 528 | 6.77 | 6.02 | 8.32 | 9.01 8.67
T10 466 | 533 | 499 | 6.89 | 6.66 | 6.78 | 447 | 583 | 5.15 | 5.61 | 8.723 | 7.168
Mean | 5.08 | 5.30 7.57 | 6.40 5.15 | 6.11 7.08 | 7.65
Tre. = Storage treatment V, =Assuit V,=El-Minia M =Mean
F_test (CV) kk kk kk kk
L.S.D.0.05 B (Tre.):= 0.218 0.520 0.285 0.364
L.S.D.0.05 AB (Tre.):= 0.309 0.735 0.403 0.515

2.4. Carbohydrate percent

The results in Table (5) revealed
that the mean value of carbohydrate
% was affected by all storage treat-
ments except T2 in the end season of
both storage seasons. Meanwhile, all
mean values of carbohydrate% sig-
nificantly decreased in comparison to
fresh treatment and even control
treatment in each season. Carbohy-

drate decreases during storage due to
conversion of starch to sugar and res-
piratory losses and sprouting reported
by Sahore et al. (2007).

Results of the interaction effects
of cv. and storage treatment show that
the highest values was obtained from
fresh treatment due to El-Minia cv.
compared to all storage treatments
under the study.
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Table 5. Effect of storage treatments on carbohydrate percent of Assiut and El-

Minia cultivars in two storage seasons.

1* season 2" season
Tre. Mid End Mid End
Vi |V, | M| V; V, M Vi V, | M V; V, M
Fresh | 349 |374|36.1| 349 | 374 | 36.1 36.0 | 38.2 | 37.1 36.0 38.2 | 37.1
T1 239 |31.2 275 19.7 | 254 | 22.6 | 31.5 | 319 | 31.7| 22.7 28.3 | 255
T2 253 |31.2 1283 | 0.00 | 0.01 0.00 | 31.7 | 32.2 | 32.0| 0.00 0.00 | 0.00
T3 30.7 [ 33.031.8]| 25.6 | 27.8 | 26.7 | 34.1 342 | 34.1 25.8 30.3 | 28.0
T4 259 319289 20.6 | 27.7 | 242 | 32,5 | 33.2 | 329 | 23.0 28.8 | 25.9
T5 274 3251300 21.6 | 27.8 | 247 | 32.5 | 33.5 | 33.0| 233 29.3 | 26.3
To6 28.3 | 31.8]30.1| 222 | 264 | 243 33.0 | 32.6 | YY.A| 249 28.8 | 26.9
T7 33.1 |28.1]30.6| 26.7 | 22.5 | 246 | 352 | 31.8 | YV.e| 258 23.7 | 24.8
T8 29.7 | 343320 223 | 294 | 259 | 332 | 353 | 342 | 25.0 31.8 | 28.4
T9 33.6 | 33.6|33.6| 289 | 279 | 284 | 35.1 344 | 348 | 293 31.6 | 30.5
T10 27.6 | 31.8129.7| 219 | 26.0 | 24.0 | 329 | 324 | 326 | 24.9 28.5 | 26.7
Mean | 29.1 | 324 222 | 253 334 | 33.6 |23.7| 272
Tre. =Storage treatment V, =Assuit V,=El-Minia M =Mean
F-test (Cv.) *ok *ok n.s *ok
L.S.D. 0.05 B (Tre.):= 0.299 0.557 0.522 0.392
L.S.D. 0.05 AB (Tre.):= 0.423 0.787 0.738 0.554
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