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Abstract: This study aimed to evaluate the horticultural performance, chemical properties and storage
quality of six garlic (Allium sativum L.) genotypes differ in their bulb skin color; three white-colored-
bulb genotypes (Egyptian, El-Wady clone, and Clone 24) and three purple-colored-bulb genotypes
(Egaseed1, Sids 40, and Clone 21) under Minia governorate growing conditions, Middle Egypt, Egypt
using the drip irrigation system. The collected materials were evaluated in a field trial using a
Randomized Complete Block Design (RCBD) with four replications in three successive seasons of
2007/2008, 2008/2009, and 2009/2010. Also, the interactions between the tested genotypes and the
seasons were studied. Data showed that the tested genotypes differed significantly in their growth
characteristics, chemical properties and storage quality. El-Wady Clone showed the highest clove
germination percentage; Egaseed1 gave the highest values of average bulb weight, clove weight, total
yield, total ash content (TAC), and L-Ascorbic acid (Vitamin C) content. Cultivar Sids40 gave the
highest values of dry matter (DM) content and total fractionated oil (TFOs) contents; the Egyptian
cultivar gave the highest values of both the total phenolic compound (TPCs) and the total Flavenoides
(TFs); while, the lowest values of bulb weight loss during storage for different storing periods were
recorded for both Clone 21 and Sids40. Results of this study may be beneficial for garlic growing
farmers, traders, customers, storage for consumption or as clove seeds and processing purposes to
choose which genotypes are suitable for each of these purposes.
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INTRODUCTION

Cultivated garlic (Allium sativum L.) is known for at least 5000 years and is believed to be originated in
Central Asia where garlic grows wild (Panthee et al., 2006). Mostly all Allium crops originate from the main
center of Allium diversity that stretches from the Mediterranean basin to central Asia (Meer et al., 1997). The
sativum variety, or common garlic, produces a weak flower stalk, if it bolts and has a bulb with many pure
white or pink-blushed bulblets (Pooler and Simon, 1993). Significant variations were observed for various garlic
characteristics as reported by Khar et al. (2005); Hernandez et al. (2008); Brewester (2008); Osman and
Moustafa (2009); Ali, Shreen (2010). Garlic utilization is based on its nutritive values and medicinal properties
as its extracts have health benefits, many potentials and activities such as antioxidative activities (Kourounakis
and Rekka, 1991), antibacterial activities (Kim et al., 2004b), antifungal activities and anti-yeast activities
(O’Gara et al., 2000), virucidal activities (Weber et al, 1992), and insecticidal activities (Flint et al., 1995).
In addition to, garlic extracts are used for breaking bud dormancy of seeds in some crops (Kubota et al.,
2002). Garlic also contains antibiotics, garlicin and allistatin, a number of enzymes, amino acids, universal
substances, including trace elements (Kubota et al., 2002). 
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Moreover, garlic as reported by MAFF (1987) contains vitamin C in both the reduced (L-ascorbic acid)
and oxidized (dehydroascorbic acid) forms. Vitamin C is a powerful reducing agent found in millimolar
concentrations in plants, and is thought to play an important role in scavenging free radicals (a natural
antioxidant) in plants and animals (Conklin et al., 1996 and Abd El-Naem, 2004). Fortunately, it is an
important nutritive compound in garlic cloves. On the other hand, garlic is not a nutrient vegetable (as potato)
but it is a medical vegetable, from this point of view, (total phenolic compounds) TPCs play an important role
as potent and ideal antioxidant. It is important to grow garlic genotypes contain higher levels of TPCs. This
study was done to evaluate the horticultural and chemical characteristics along with storage quality of six
Egyptian garlic genotypes differ in their bulb color and growing behavior.

MATERIALS AND METHODS

The horticultural evaluation trial experiments of this study was conducted at the Experimental Educational
Vegetables Farm of the Horticulture Department, Faculty of Agriculture, Minia University, Minia, Egypt, during
the three winter seasons of 2007/2008, 2008/2009, and 2009/2010 and all chemical analyses were done at the
Bio Chemistry lab, Agricultural Chemistry Department, Faculty of Agriculture, Minia University, Minia, Egypt.
The aim of this experiment was to evaluate the performance of some garlic genotypes differed in their bulb
skin color under Minia governorate growing conditions. The source and bulb visual color of the tested
genotypes are shown in Table 1 and Plate 1.  

Plate 1: Photos showing bulbs shape and size of the studied garlic genotypes.

Table 1: Source and bulb visual color of the tested genotypes.
Ser. Genotype Source Bulb skin color
1 Clone 21 Egyptian Agricultural Company for Seed Production )EGAS(. Purple
2 Clone 24 Egyptian Agricultural Company for Seed Production )EGAS(. White
3 Egyptian Egyptian landrace from Sids Research Station. Purple
4 Sids 40 Sids Research Station, ARC, Giza, Egypt. Purple
5 Egaseed 1 Egyptian Agricultural Company for Seed Production )EGAS(. White
6 El-Wady Clone Egyptian ecotype from an authentic farmer from the New Valley Governorate, Egypt. White
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The collected materials were evaluated in a yield trial using the Randomized Complete Block Design with
four replicates. The soil properties were shown in Table 2.

Table 2: Physical and chemical properties of the soil used for growing garlic genotypes before applying any fertilizers.
Component Sand (%) Silt (%) Clay (%) Soil Texture pH E.C. (ds/m) Total CaCo3 (%)
Value 21.15 34.60 44.60 Clay 7.9 1.15 2.3
Records are average of three growing seasons.

The experimental field was ploughed and pulverized. Then, 10 ton/Fed cattle farmyard manure, Ammonium
sulphate (20.5% N) at the rate of 100kg/Fed, and 100 kg superphosphate (15.5% P2O5) fertilizers were
broadcasted during soil preparation. Also, 50 kg/Fed agricultural Sulphur was added. Soil was formed into beds
and the used experimental unit was one bed (3m long and 100 cm wide). The bed surface was carefully
leveled and irrigation pipes were hand laid down to the end of the experiment. Planting was done in four rows
per each bed. The cloves were spaced 10cm apart within each row and the distance between the double rows
in each side was 20cm. The planting dates were 18th, 19th and 16th of October in the three successive winter
seasons of 2007/2008, 2008/2009 and 2009/2010, respectively. Conventional other agronomic practices and pest
control treatments were done as needed and were similar to those used in commercial garlic production. Drip
irrigation and fertigation systems were applied uniformly as recommended by the Egyptian Ministry of
Agriculture (1989). Harvesting was carried out on the 14th, 9th and 13th of April of the three consecutive
seasons, respectively.

Data were collected per plot or per a representative sample of five or ten plant basis at various growth
stages using the standard descriptors as reported by IPGR (2001) for the following plant characteristics:

Growth Characteristics:
Germination % after 10, 20, and 30 days from planting date: Germinated cloves were counted and the

germination percentage was estimated using the following formulas:

Bulb Characteristics:
Baby Garlic Bulbing Ratio: 

Each immature bulb neck and bulb diameters after 130, 145, 160 days from planting were carefully
estimated using a calipers and bulbing ratio for these recoded data was estimated using the following formula
according to Mann (1952) as follow:

Bulbing Ratio at Harvesting: 
Was measured as mentioned above. 

Average Weight of Single Fresh Bulb (g): 
Five fresh bulbs were weighed and the average was recorded.

Average Weight of Single Cured Clove (g): 
It was calculated as the average weight of cloves of the previous 5 bulbs using the following formulas:

Average Number of Cloves per Bulb:
Was measured using five cured bulb from each genotype per replicate.

Yield Characteristics:
Average Weight of Whole Plant at Harvest:
Cured Plant Weight:
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Total Yield (ton/fed): 
Harvested plants on April 14, 10 and 13th of April in the three seasons, respectively were weighed

(ton/fed).

Chemical Analyses:
Chemical composition of garlic samples was carried out according to the official methods of the

Association of Official Analytical Chemists (AOAC, 2000). All chemical determinations were done at the
chemical lab, Chem., Dept., Fac., Agric., Minia University, Egypt. The determinations were performed in
triplicates and the means are reported.

Determination of Dry Matter (DM): 
Peeled samples of cloves from each genotype garlic were first dried at 60°C for 6 hours and the

temperature was gradually increased to 105°C until a constant weight was reached (AOAC, 2000). 

Determination of Total Ash Content (TAC): 
The total ash content was determined by heating the samples (0.5-2.0 g) in a muffle furnace at about

600±10°C for 3 hrs until they were completely ashed (AOAC, 2000). 

Determination of Crude Lipids (CLs): 
The crude lipids were determined according to the AOAC (2000) method as follows: Dried garlic samples

of 1.0-2.0 g were accurately weighed, and then extracted in a Soxhlet apparatus by petroleum ether (b.p. 60-
80°C) for 15 hrs. The solvent then was removed by evaporation under reduced pressure and the total lipids
content was calculated.

Determination of Vitamin C (L-ascorbic Acid) Content: 
The indophenol method (2, 6-dichlorophenol indophenol, 50 mg in 250 ml H2O), as described by Mondy

and Ponnampalam (1986), was used for determination of L-ascorbic acid concentration in garlic cloves. Vitamin
C was extracted using 1.25% oxalic acid solution. 

Extraction and Measurement of Functional Oil Compounds (FOCs): 
Five grams of cold peeled cloves were very well crushed with 25 ml, of H2O, diethyl ether, and acetone

in a mortal. The fine pastes were magnetic stirred for 30 min and centrifuged at 8000 r.p.m for 15 min. The
supernatants were cooled and transported to separation funnel. The upper layers were sucked by insulin syringe.
The volumes of FOCs were measured (Gupta and Porter, 2001).

Extraction of Total Phenolic Compounds (TPCs): 
A. Hot Extraction: 

The TPCs were extracted from each sample (5.0g) of different garlic genotypes by refluxing with 150 ml
of boiling methanol containing 1 % HCl (MeOH-HCl) for 3 hr, the extract was centrifuged at 10.000 r.p.m.
for 20 min. The extract was kept at 4°C and used to estimate the amount of TPCs (Forrest and Bendall, 1969).

B. Cold Extraction: 
The other extraction method was carried out by soaking pre-cooled garlic cloves (5.0g) in 150 ml MeOH-

HCl overnight at 4°C, then the samples were crushed in a mortal and were centrifuged at 10.000 rpm for 20
min. The extract was used for TPCs determination (Taga et al., 1984).

Determination of TPCs: 
The amount of TPCs was estimated as tannic and gallic acid equivalent according to the Folin-Ciocalteu

method as described by Singleton and Rossi (1965).

Extraction of Total Flavonoids (TFs): 
Air-dried or oven-dried samples (5.0g) were extracted in a Soxhlet extractor with 100ml distilled water

or ethanol for 1h and the extract was filtered.

Determination of Total Flavonoids (TFs): 
A known volume of extract was placed in 10ml volumetric flasks. Distilled water was added to make 5ml
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and 0.3ml NaNO2 (1: 20) were added. Then, 0.3ml AlCl3 (1:10) were added 5min later. After 6 min, 2 ml 1
mol litre-1 of NaOH was added and the total volume was made to reach up to 10ml with distilled water. The
solution was mixed well again and the absorbance was measured against a blank at 510 nm with a
Spectrophotometer (Taizhou Radio Factory) according to Zhishen et al. (1999).

Storage and Weight Loss: 
The proportion of weight loss lost from the whole plants during storage periods was estimated every month

from harvesting using the following formula:

RESULTS AND DISCUSSION

Growth and Bulb Characteristics:
Germination % was affected significantly by the growing seasons at two out of the three studied ages (10

and 20 days from planting). However, values were high at the age of 30 days for all studied genotypes and
ranged from 88.65% to 92.09% with significant differences. Early germination and growing uniformly will
improved garlic productivity due to the decrease of weed competition which considered one of the most
limiting factors in garlic production. Garlic as one of vegetable Allium crops is very sensitive to weed
competition due to its slow germination, low relative growth rate and the features of leaf canopy (Brewster,
2008).

Bulbing ratio character was affected significantly at all studied ages by the growing seasons, the cultivated
genotypes as well as their interactions. The lowest values of bulbing ratio were given in the third growing
season in all studied ages except its value after the curing process. Also, results indicate that mean values of
bulbing ratio were high at the age of 130 days for all studied genotypes and the lowest values were obtained
for cultivar Sids40 followed by Clone 21. 

Fig. 1: Germination % after 10, 20, and 30 days from planting six garlic genotypes in the three successive
seasons of 2007/2008, 2008/2009 and 2009/2010 (Table included with the figure).

Fig. 2: Bulbing ratio after 130, 145, and 160 days from planting of six studied garlic genotypes grown in
the three successive seasons of 2007/2008, 2008/2009 and 2009/2010 (Table included with the figure).
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At this age, Clone 21 in the third season gave 0.320 followed insignificantly by Sids 40 and Egaseed 1.
Clone 21 and cultivars Sids 40 and Egaseed 1 gave the best results and could be recommended for producing
immature garlic baby garlic. The photoperiods, temperature and light of low red: far-red ratio are the factors
which controlled bulbing in garlic (Brewester, 2008). The effect of these factors is associated with the exposure
of garlic to low temperature, either as stored bulbs or after planting in the field. The ratio between minimum
pseudo stem diameter and maximum bulb diameter of less than unity for any developing swelling of the foliage
leaf sheaths is characteristic of true bulbing. According to the obtained results, bulbing ratio can be determined
repeatedly on the same plant and is a useful technique for assessing bulbing. Similar conclusion was reported
by Brewester (2008).

The six genotypes differed in their performance concerning bulb fresh weight regardless the growing years.
Also, the years had significant effect on the expression of this character. The first year gave the heighest
weight followed by the third season. Genotypes interactions by year differed in their bulb fresh weight
performance significantly. In the first year, Clone 21 gave the heaviest weight (105.00gm), followed by Sids
40 and Egaseed 1 which were significantly different from the others, but not differed significantly from that
of Clone 21 (Table 3). In the second and third years, Egaseed 1, Sids 40, and Clone 21gave the highest values
of bulb weight in descending order. From the obtained results, it may be recommended to grow one of these
genotypes to insure producing heavy bulbs, at similar growing conditions. Significant variations were observed
for bulb weight were reported by Singh and Tiwari (2001), Tiwari et al. (2002), Patil et al., (2003), Resende
et al. (2003); Khar et al. (2005); Boras et al. (2006), Suzan (2009). However, Raj and Khan (2002) suggested
that bulb weight should be considered in the selection for garlic yield improving programs.

Clove weight significantly differed over the three growing seasons and there were high significant
differences in clove weight among the studied genotypes in the three years of study. Egaseed 1, Sids 40 and
Clone 21 produced the highest values. On the other hand, Egyptian and Clone 24 gave the lowest values with
insignificant differences between them. The combined analysis revealed that the effects of genotype X year
interaction was statistically significant, indicating that some genotypes, as an average for all years, differed in
their clove weight from year to another. El-Wady gave the highest average numbers of cloves/bulb (36.70)
while Egaseed 1 showed the lowest value (17.48) and the interaction effect between the growing genotypes
and growing seasons was significant. The cloves number ranged from 16.45, which resulted from growing
Egaseed 1 in the first growing season, to 41.888 from cultivating Clone 24 in the first season (Table 3). Thus,
these traits are controlled by the interaction effects of a number of genes and environmental factors. Often,
because of the different weather conditions, significant genotype X year interaction was detected for this trait
as mentioned by El-Sawah (1990); Osman et al (1991); Metwally and Abou Shousha (2002); Hernandez et al.,
(2008); Jenderek and Yayeh (2005); and Aly, Shereen (2010); Gvodenovic-Varga et al (2008) concluded that
garlic genotype by environmental conditions had a high contribution for clove number. Also, they added that
garlic genotypes with fewer cloves produced higher yield.

Yield Characteristics:
Growers are producing garlic for fresh market and/or for dehydration. Fresh garlic has a strong market

potential. However, Bachmann and Hinman (2008) stated that yield and quality vary with climate, region,
altitude, soil and pH, cultural practices, and variety of garlic. Data showed that years and genotypes main
effects were significant. Higher value was given in the first growing season followed insignificantly by the
second year. The third growing season gave significantly the lowest value. Fresh weight of whole plant for
the six studied genotypes ranged from 75.923g of Clone 24 to 120.088g of Egaseed 1. Insignificant differences
and higher average fresh weight were detected for Egassed 1, Sids 40 and Clone 21. The opposite trend was
estimated for Egyptian, Clone 24 and El-Wade and the interaction of genotype by year was detected for this
trait (Table 3).

The obtained results of cured plant weight indicated that years, genotypes and their interactions
significantly affected this trait. The highest weight was given in the first growing season followed by the
second and the third seasons, respectively. The curd plant weight ranged from 51.741g in El-Wade to 88.495
in Egaseed 1. However Egaseed 1 significantly surpassed the other tested genotypes in this trait followed by
Sids 40 and Clone 21 which the differences between those cultivars were insignificant (Table 3). These results
mean that the ranges of variation among the tested genotypes for this trait were wide and the genotype X year
interaction was highly significant for this trait.

Average fresh yield/fed for the six studied genotypes was the highest in the first year followed
insignificantly by the second season. On the other hand the third season had the lowest value. This trend was
similar to that of the whole plant weight. 



Aust. J. Basic & Appl. Sci., 5(6): 1415-1427, 2011

1421

Table 3: Bulb weight (g), single clove weight (g), No. of cloves/bulb, whole fresh plant weight, cured whole plant weight, and total yield
of six studied garlic genotypes grown in the three successive seasons of 2007/2008, 2008/2009 and 2009/2010.

Main effect Bulb  fresh Single cured clove No. of cloves/bulb Fresh weight of Weight of cured Total yield
weight (g)  weight (g) whole plant (g) plant (g) (ton/fed)

Years
2007/2008 79.231 A 2.287 A 29.468 A 106.283 A 76.963 A 9.232 A
2008/2009 53.742 C 1.884 C 26.313 B 102.581 A 65.240 B 8.637 A
2009/2010 65.318 B 2.062 B 29.455 A 72.612 B 56.413 C 6.102 B

Genotype
Clone 21 84.135 A 2.04 C 28.588 C 107.411 A 77.595 B 9.018 A
Clone 24 49.140 BC 1.63 DE 34.634 AB 75.923 B 51.741 CD 6.389 B
Egyptian 42.229 C 0.835 E 33.377 B 69.943 B 44.808 D 5.923 B
Sids 40 84.043 A 3.422 B 19.697 D 110.637 A 78.908 B 9.287 A
Egaseed 1 84.449 A 3.925 A 17.480 D 120.088 A 88.459 A 10.083 A
El-Wady 52.587 B 1.218 D 36.698 A 78.952 B 55.722 C 7.243 B

Interaction
1× 1 105.000 a 2.558 c 24.450 fg 135.188 a 93.875 ab 11.352 a
1× 2 67.750 def 1.308 ef 41.888 a 92.563 bcd 71.063 d-g 7.773 bc
1× 3 60.500 def 0.962 efg 39.200 ab 80.250 cd 57.000 hi 6.738 cd
1× 4 94.750 ab 3.580 b 18.210 hi 115.375 ab 82.375 bcd 9.687 ab
1 × 5 94.800 ab 4.100 a 16.450 I 135.375 a 101.750 a 11.367 a
1 × 6 52.585 e-h 1.218 efg 36.613 bc 78.950 cd 55.717 hi 8.475 bc
2 × 1 60.175 def 1.552 de 28.400 ef 103.597 bc 77.750 cde 8.693 abc
2 × 2 37.042 hi 1.080 efg 29.600 def 82.803 cd 44.438 ij 6.952 bcd
2 × 3 29.672 i 0.642 g 29.600 def 77.907 cd 38.500 j 6.695 cd
2 × 4 69.400 de 3.463 b 18.500 hi 134.692 a 87.500 bc 11.303 a
2× 5 71.805 cd 3.375 b 17.327 hi 133.432 a 90.000 abc 11.205 a
2 × 6 54.360 efg 1.190 efg 34.400 bcd 83.053 cd 53.250 hi 6.972 bcd
3 × 1 87.230 bc 1.903 d 32.915 cde 83.448 cd 61.160 fgh 7.008 bcd
3 × 2 42.628 ghi 0.800 fg 32.15 cde 52.403 e 39.722 j 4.442 d
3 × 3 36.515 hi 0.900 fg 31.330 cde 51.673 e 38.923 j 4.335 d
3 × 4 87.980 bc 3.222 b 22.330 gh 81.842 cd 66.848 e-h 6.870 bcd
3 × 5 86.743 bc 4.300 a 18.662 hi 91.455 bcd 73.627 def 7.675 bc
3 × 6 50.815 fgh 1.248 ef 39.80 b 74.853 de 58.200 gh 6.282 cd
Means followed by the same letters in each column in each sector of each main effect are not significantly differed at 0.05 (Duncan,
1955).

Moreover, the six genotypes varied significantly and its fresh yield across the three growing seasons ranged
from 5.923 for Egyptian to 10.083 ton/fed for Egaseed 1. However, Egaseed 1, Clone 21 and Egyptian in the
first season, Sids 40, Egaseed 1 and Clone 21 in the second one, and Egaseed 1, Clone 21, Sids 40 and El-
Wade gave the highest values in the third year. These genotypes had purple skins except El-Wade ecotype
which had white skin. Hence, it may be recommended to grow Egaseed 1 at similar growing conditions to that
of the present study to insure producing high yield with good quality (Table 3).

Chemical Composition of the Tested Garlic Genotypes:
In this work, chemical evaluation of the six studied garlic genotypes samples was carried out.

Dry Matter Content:
Dry matter (%) of peeled garlic cloves ranged from 28.31 % to 35.31%, the highest value was recorded

for Sids-40 and the lowest one for El-Wady (Fig 3). These results are lower than those reported by Moustafa
et al. (2009). 

Total Soluble Solids:
T.S.S values significantly differed among the tested genotypes. The highest values of T.S.S were given

by Clone 21and Sids 40. On the other hand, Clone 24, Egyptian and El-Wady gave lower T.S.S values.
However, insignificant differences were observed among these three genotypes (Fig 4).

Total Ash Content:
Total ash content (TAC %) of the samples was determined by dry ashing. TAC ranged from 1.73 to 2.75%

and the lowest content is recorded for Sids-40 and the highest one for Egassed-1 (Fig  5). These results also
showed that TAC in Egassed-1 is 1.5-fold higher than in Sids-40. Similar results are reported by many
investigators (Sipahioglu and Barringer 2003; Moustafa et al., 2009).
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Fig. 3: Dry matter content (DM) in the six studied garlic genotypes. 

Fig. 4: Total soluble solids (T.S.S.) content in the six studied garlic genotypes. 

Fig. 5: Total ash content (TAC) in the six studied garlic genotypes. 

Fig. 6: Total crude lipids (TCL) in the six studied garlic genotypes.
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Total Crude Lipids Content in Garlic Genotypes:
Results of crude lipids extracted by boiling solvent in refluxing system (Soxhlet apparatus) are given in

(Fig 6). The crude lipids reach to be 6.94% in cloves of Sids-40, about half (54%) of this value is determined
in cloves of both El-Wady and Egyptian genotypes. 

Functional Oil Compounds (FOCs) in Garlic Genotypes:
Three different extractants were used for FOCs extraction and the results are given in (Fig 7).

Concentrations of FOCs ranged from 73 to 121, from 43 to 76 and from 35 to 61 ml/kg fwb when diethyl-
ether, acetone and H2O were used respectively. The highest concentrations of FOCs are recorded in Sids-40
extracts in all cases, but the lowest concentrations are found in extracts of genotype El-Wady. These results
also, showed that the non-polar diethyl-ether is the most efficient in extraction of FOCs followed by acetone.
Sids-40 genotype is surpassed all genotypes studied here. 

It has long been known that extraction of a food can increase its potency and eliminate unpleasant
characteristics. The irritating, acidic and oxidizing compounds in raw garlic can be eliminated or modified by
extraction. In fact, in some cultures, garlic is soaked (in water) or extracted with alcohol, wine, milk or vinegar
before use. Many adverse reactions to garlic can be attributed to an excess of oil soluble organosulfur
constituents. For example, the lipid lowering effects of some oil soluble sulfur compounds in hepatocytes
coincide with cytotoxicity, as revealed by increased lactate dehydrogenase release from cells (Liu and Yeh
2000). Water soluble sulfur compounds, on the other hand, although effective at reducing cholesterol, were not
cytotoxic. An array of water soluble constituent including S-allylcysteine (SAC), may account for the reduce
toxicity of the hydroalcoholic extracts of garlic compared with raw preparations (Kanezawa et al, 1984).

L-ascorbic Acid (L-AA) Content in Garlic Genotypes:
L-AA concentrations ranged from 4.2 (Clone-21) to 8.45 mg/100g (Egaseed-1) as shown in (Fig 8). The

amount of L-AA in the extracts of Egaseed-1 is twice amount in the extracts of Clone-21. The levels of L-AA
in "Egyptian" cultivar and Sids-40 are close to 6.4 mg/100g, these values are higher to those reported by
Moustafa et al., 2009), but lower than those determined in tomatoes (12 mg/100g) and much lower than sweet
potato values (14 mg/100g). It has been suggested that L-ascorbic acid (Vit. C), a strong antioxidant, may
reduce atherosclerosis (Duell, 1996) and some kinds of cancer (Van Poppel and Van den Berg, 1997).

Fig. 7: Functional oil contents (FOCs) in the six studied garlic genotypes.

Fig. 8: L-Ascorbic acid (L-AA) concentrations in the six studied garlic genotypes.
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Total Phenolic Compounds (TPCs) Content in Garlic Genotypes:
Concentrations of TPCs in HCl-MeOH are given in (Fig 9). The highest levels of TPCs were recorded

in the hot extracts to be 25.97 and 24.47 mg/100g of "Egyptian" and "Clone 24", respectively, but the lowest
one was found in extract of "Egaseed-1" cultivar (16.59 mg/100g fresh weight). The cold extraction of TPCs
showed same results but lower values are recorded (22.97 and 20.44 mg/100g) for same genotypes. In
comparison to the hot extraction of TPCs from garlic cloves and cold extraction, it could be concluded that
hot extraction is more efficient than cold one whereas the efficiency rate ranged from <9% to <31%. Moustafa
et al. (2009) determined the TPCs in 11 extracts of garlic and they found lower levels than those reported here.
The functions of TPCs are extensively discussed by many investigators from two different points of view. First
of them, it consider TPCs are defensive compounds which naturally synthesize and play important roles against
insects and pathogens attacks (positive effects), but the second is based from the nutritionists who classified
TPCs as antinutritional factors (ANFs) (negative effects) and proposed various processing treatments to
eliminate them from crop tissues. There is increasing evidence that consumption of a variety of phenolic
compounds present in natural foods (garlic) may lower the risk of serious health disorders because of the
antioxidants activity of these compounds (Keli et al 1996).

Polyphenols are reducing agents, and together with other dietary reducing agents, such as vitamin C,
vitamin E and carotenoids, protect the body tissues against oxidative stress. Commonly referred to antioxidants,
which may prevent various diseases associated with oxidative stress, such as cancers, cardiovascular diseases,
and inflammation. Nick et al., (2004) provided evidence from their observational studies that garlic
supplementation is associated with a significant increase in resting calf blood flow in female healthy controls
which is associated with increased plasma levels of interleukin-6 but independent of the nitric oxide pathway.

Total Flavonoids (TFs) Content in Garlic Genotypes:
Results of TFs content showed that cultivar "Egyptian" had the highest level (15.5 µg/g) of flavonoids

followed by "El-Wady" (13 µg/g) as shown in (Fig 10). On the other hand, the lowest levels (4.5 and 2.8
µg/g) were recorded in tissues of "Sids-40 and Clone 21", respectively. These results are higher than those
reported by Moustafa et al., (2009). 

Many investigators concluded that pharmacological effects of flavonoids are correlated with their
antioxidants activities. Moreover, it is suggested that the overall antioxidant effect of flavonoids on lipid
peroxidation may be related to their -OH and -O2 scavenging properties and their reaction with peroxy radicals
(Zhishen et al., 1999 and Luthria, and Corrales, 2006). Flavonoids are complex structures belong to
polyphenols division and have many functions in plants; these are (i) defensive compounds against insects and
several pathogens and (ii) ideal natural antioxidants (Franco, et al., 2002). From this point of view, garlic
breeders should concentrate their efforts on selection programs on basis of horticultural characters, yield and
yield components and chemical composition of available garlic genotypes. 

Storage and Weight Loss:
The weight loss of freshly harvested garlic plants due to decreasing moisture contents was estimated by

estimating 70 º C-Oven weight loss trait. Data showed that this trait significantly differed among the three
studied seasons. All genotypes were higher in this character at the third growing season indicating the effect
of the prevailing growing conditions on its performance. Furthermore, there were significant differences among
these genotypes, as the genotype El-Wade had the highest percentage of weight loss (76.154%). On the other

Fig. 9: Total phenolic compounds (TPCs) concentrations in the six studied garlic genotypes.
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Fig 10: TFs concentrations in the six studied garlic genotypes.

Fig. 11: Weight loss after one, two, three, four, five, and six months of storage in room temperature of the
six studied garlic genotypes grown in the three successive seasons of 2007/2008, 2008/2009 and
2009/2010 (Table included with the figure).

hand, Clone 21 had the lowest value (59.986%). After one, two and three months, the highest loss was
detected in the second growing season and the lowest one was in the third season. Egyptian cultivar had the
highest value followed by El-Wade genotype without significant difference. In the meantime, Clone 21 lost
the lowest percentage followed by Egaseed 1 and Sids 40. The interaction effects on this trait were significant.
Weight loss of garlic plants was more than 40% of plant weight for four out of 18 studied interactions after
one month. All of these four genotypes were given their higher values in the second growing season. 

Thus, it maybe recommended growing Egaseed1or Sids40 to insure producing high yield with good quality.
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