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Evaluation and Comparison of Some Parameters in Four Garlic Varieties
Selen AKANY"

ABSTRACT: This research is aimed to determine the variation and identification of some
morphological and biochemical parameters among different garlic varieties. In this research, three
foreign hardneck (French, Spanish, Chinese) and one Turkish softneck garlic varieties have been studied.
The investigated traits are included the bulb and clove weight, clove height, number of clove/bulb, color
values (L, a, b), pH, titratable acidity (TA), total soluble solids (TSS), dry matter (DM), total phenolic
content (TPC) and antioxidant activity (AA). It is possible to say that varieties were significantly
different on the basis of all morphological characters. The results indicated that Turkish variety had the
highest TA (1.21%), TSS (36.80%) and AA (62.58% I) and the highest DM was obtained from French
variety. Meanwhile, Spanish and Chinese varieties have higher L values (88.15 and 87.24) than others.
On the other hand the highest level of TPC (32.17 mg GAE g FW?) was found in Chinese variety. In
accordance with correlation analysis, there was a statistically significant correlation between TSS and
TA, and also TPC was significantly correlated with pH and TA (p<0.05). The result will be helpful for
the future studies to understand the similarities and differences of this 4 varieties of morphological and
biochemical properties. This study will be good to repeat the experiment at multi variations grown
worldwide. However, further studies should be done in this respect in the coming years.
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INTRODUCTION

Garlic is one of the first cultivated Allium
species. The origin of the garlic is northwestern
side of the Tien Shan Mountains and moved from
here to Central Asia, Africa, Europe and America
nearly 10.000 years ago (Etoh and Simon, 2002;
Ipek et al., 2008). China is the main garlic
producer and exporter country in the world. It’s
production is 22.160.465 tonnes and Turkey
ranks the thirteenth (148.133 tonnes) country in
the world for garlic production (FAO, 2017).

Garlic has known since ancient Egypt and
it’s cultivation is estimated that has been done for
5000-6000 years (Ipek et al., 2008). Currently,
there are about 600 garlic varieties worldwide
(Anonymous, 2018). There are about 36 different
garlic genotypes around the Turkey (Turkes,
1978). The most common variety of garlic is
called ‘Taskoprii” rich in soluble solids content,
ascorbic acid, minerals, aroma components,
antioxidant activity and sulfur compounds (Artik
and Poyrazoglu, 1994). Although it is propagated
asexually, large scale morphological and
agronomic diversity have been observed in garlic
(Figliuolo et al., 2001). The morphological and
genetic variations are great different in most of
garlic characteristics (bulb weight, bulbing ratio,
T.S.S and storability) among garlic genotypes
(Osman and Abd El-Hameid, 1990; Gad El-Hak
and Abd El-Mageed, 2000).

Garlic is classifed into two types, one of
them is softneck (Allium sativum sub var.
sativum) and the other one is hardneck (Allium
sativum sub var. ophioscorodon). Softneck
garlics have economical importance, numerous
smaller cloves, a high number of protective shells,
and a pungent odour, beside hardneck has a green
stalk, or “scape,” in the spring and larger cloves.
However, hardneck varieties are stored for shorter
than softneck varieties. The farmers prefer
hardneck garlic for growing, with a larger, bright
bulbs and cloves. And also, it is demanded by
consumers because of it’s easy peel.

Some quality parameters of garlic bulb are
color, pH, soluble solids content, moisture,
reducing sugar content, firmness. These are so
important in terms of consumer preferences
(Pardo, 2007). Quality of garlic is effected by
many factors such as variety, ecological factors,
sulfur, nitrogen and selenium contents in the soil,
growing temperature, cultivation method, storage
temperature and storage time. Also, color of
garlic bulb can range from white to red, purple or
pink.

We utilized from garlic in terms of nutrition
and health benefits. Antioxidant activity of garlic
is very important because, it is relate to many
therapeutic effects such as antithrombotic, anti-
aging, cardiovascular protection and cancer
prevention (Huang et al., 2015). Meanwhile, the
strong correlation was found between antioxidant
activity and total phenolics content (Chen et al.,
2013). Additionally, Kyung (2012) reported that
there was a correlation between total phenolics,
flavonoids content and antioxidant activity.

There have been few studies on the
biochemical compounds of garlic based on
foreign both hardneck and softneck varieties. So
the major aim of this study was to determine
similarities and compare differences among four
garlic varieties according to their morphological
and biochemical properties.

MATERIALS AND METHODS

Plant Material

This research was conducted in 2017 in
laboratory at Department of Horticulture Faculty
of Agriculture, Ankara University in Ankara,
Turkey. Four foreign garlic varieties (V1: French,
V2: Spanish, V3: Chinese and V4: Turkish) were
obtained from 4 different region at mature stage.

The bulbs were imported from France,
Spain and China to Turkey in 2017 harvest season
(early and late June) from growers by
transportation (Table 1). French (V1) variety was
grown in East of France (Nice). Bulbs of Spanish
(V2) garlic cultivar called ‘Ajo Spring Blanco’
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was grown in Bigastro province in south of Spain.
Chinese (V3) type was purchased from Shandong
(coastal province of China). Turkish (V4) garlic

‘Tagkoprii’ originated from Tagkoprii district in
Black Sea Region, Northern part of Turkey.

Table 1: Description of the varieties regarding location, latitude, longitude and elevation.

Varieties Location Latitude (N) Longitude (E) Elevation (m)
French (V1) Alsace 48°19'5" 7°26'29" 1426
Spanish (V2) Bigastro 38°0.3'47" 0°53'44" 24
Chinese (V3) Shandong 36° 05’ 54" 120° 22" 18" 1545
Turkish (V4) Taskoprii 41°30' 50" 34°12' 53" 553

Three of the selected genotypes (V1, V2
and V3) belong to hardneck type (Allium sativum
sub var. ophioscorodon) and the other one (V4)
belongs to softneck type (Allium sativum sub var.
sativum). The bulb characteristics for those
varieties and the main descriptors of

morphological characteristics are shown in Table
2. Morphological characteristics were measured
according to the International Union for the
Protection of New Varieties of Plants (UPOV,
2001). Thus, eight traits were investigated.

Table 2: Main descriptors of morphological characteristics.

Properties V1 V2 V3 V4
Skin color of bulb white white white cream
Skin color of the clove white white white brown
Clove color of flesh yellowish yellowish  yellowish  yellowish
Distribution of cloves radial radial radial non-radial
Compactness of cloves medium medium compact compact
Anthocyanin stripes on dry external scales on bulb present absent present present
Anthocyanin stripes on dry external scales on clove present present present present
External cloves of bulb absent absent absent present

Assessments

Clove weight was measured with digital
scales (Mettler Toledo) and heights were
recorded with the help of digital VVernier (150 x
0.02 millimeter). The number of cloves/bulb were
counted manually. Garlic was peeled by hand and
stored at room conditions (20£2 °C) until used.

Color measurements were done with a
chromameter (Minolta CR-200) using the CIE L,
a, b color space system and L (Lightness), a
(green-red) and b (blue-yellow) values were
examined in this study. Dry matters (DM) were
analyzed by drying triplicate 5 g garlic cloves
(AOAC, 1984). pH values were determined with

using MilliporeSigma Color pH ast® pH Test
Strip Assortment. Garlic samples were dilueted
with distilled water (1/10 w/v). Then, the strip
was dipped into the sample tube for 3 seconds and
then taken out from the sample solution and
excess water was removed by shaking of strip.
The strip placed on a clean and dry surface. After
5 minutes, the color was matched with the color
scale of the product for determine the pH value.
Total soluble solids (TSS) (%) was measured by
Abbe refractometer (Leica). Titratable acidity
(TA) was determined in squeezed garlic juice by
using an automatic titrator (DL 50 Mettler
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Toledo) and results were given as citric acid
percentage.

Antioxidant activity (AA) was determined
as DPPH radical scavenging activity using the
method of Brand-Williams et al. (1995) with
minor modifications. The percentage of inhibition
reflects (Equation 1) how antioxidant compound
are able to remove DPPH radical at the given
time.

Inhibition (1)(%) = ((ADbS control- ADbS sample)/ ADS contror) X 100 (1)

Total phenolics content (TPC) was
analysed using the Folin Ciocalteu procedures
based on the method described by Lu et al. (2011)
and Akan et al. (2019) with minor changes. The
absorbances were measured at 765 nm on a
spectrophotometer (Shimadzu UV/VIS). TPC
values were determined based on a gallic acid
curve and results were given as mg of gallic acid
equivalents/g freshweight (mg GAE g* FW1).

Statistical Analysis

All analyses were carried out in triplicate
and five bulbs were used for each replication.
Datas were expressed as means + Standard error
of mean. The statistical analysis of data was
performed using one-way analysis of variance
(ANOVA) and means were compared with
Duncan’'s Multiple-Range Test at p<0.05 error
level. Correlation matrix was done with using
SPSS Professional Statistics (SPSS Inc., Chicago,
IL).

RESULTS AND DISCUSSION

In this study, it was considered important to
measure both morphologic and some biochemical
properties of some garlic samples. Biometric
parameters (Bulb and clove weight, clove height
and clove numbers) per bulb are shown in Table
3. These parameters were used to investigate and
define the morphological differences among
varieties. The variability between 4 genotypes is
found statistically significant. Kaushik et al.
(2016) explained the variation observed in
morphological characters among the genotypes

by the differences in genetically constituents as
well as environmental effects.

Preliminary evaluations among 4 studied
genotypes showed that the average bulb weights
of V2 (77.02 g) was higher than V1 (67.93 g), V4
(58.17 g) and V3 (48.00 g), respectively (Table
3). We observed a statistically significant
variation in bulb weight of these varieties.
Differences in weight of the bulbs might be due
to the environmental condition and genotype of
garlic varieties. This is in agreement with results
reported by Islam et al. (2007), Panse et al.
(2013), Benke et al. (2018) and Yeshiwas et al.
(2018).

Regarding clove weight, V1 samples show
the highest value (9.58 g), followed by V2 (5.54
g) and V4 (4.07 g), respectively. The lowest clove
weight (3.72 g) was obtained in V3 as seen in
Table 3. There is a significant difference in clove
weight of three different varieties of garlic cloves.
These variations is thought to be due to the
genetic variations among garlic varieties, as well
as environmental sources and cultivation
conditions. Our findings are higher than early
findings of Baghalian et al. (2005), Grégrova et
al. 2013 and Youssef et al. (2014).

The data concerning the mean values,
results were shown that maximum clove height
(40.14 mm) was noted in variety V2 followed by
variety V1 (36.17 mm) and variety V3 (35.06
mm), while minimum clove height (34.84 mm)
was noted in V4 variety. All three varieties (V1,
V3 and V4) are statistically a like to each other
except variety V2 in clove height (Table 3). Our
findings are higher than Singh and Chand (2003).
Generally, our results are in accordance with
Osman and Abd EI-Hameid (1990), because these
authors claimed that garlic genotypes from
different parts of the world grown in different
environments vary much in their clove size.

Number of cloves per garlic bulb ranged
from 6 to 16. Significant variations were recorded
among varieties with regard to the cloves number
per bulb. The mean values indicate that a greater
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number of cloves/bulb (16.6) was recorded in V4
followed by V2 (14.0) and V3 (12.3), respectively
(Table 3). While minimum number of cloves per
bulb (6.6) was noted in variety V1. Meanwhile,
the lowest number of cloves per bulb was
recorded from the highest weight and height of
cloves. These results were in agreement with
earlier findings of Fikreyohhanis (2005), because
author claimed that clove size had significant

effects on the number of cloves per bulb. And also
similar results confirmed by Hussein et al. (1995),
Gad El-Hak and Abd El-Mageed (2000), Rahim
et al. (2003), Islam et al. (2004), Zahedi et al.
(2007) and Moustafa et al. (2009). These authors
found that variations in bulb weights and number
of cloves/bulb within their tested garlic
genotypes.

Table 3: Comparison of four garlic varieties for biometric parameters.

Varieties Bulb weight (g)  Clove weight (g) Clove height (mm) Number of clove/bulb
V1 67.93 + 0.95 b* 9.58+1.86a 36.17+2.99b 6.66+t1.15¢

V2 77.02+3.83a 5.54+039b 40.14+ 046 a 14.00 £ 1.00 ab
V3 48.00+0.30d 372+ 0.76 ¢ 35.06+0.53b 12.33+2.51b

V4 58.17+1.36¢ 4.07+0.06 ¢ 34.84+0.61Db 16.66 +0.57 a
LSD (0.05) 3.945 0.320 2.953 2.824

P. Value 0.000 0.001 0.011 0.000

*: meantstandard error of mean. !Small letters show differences among varieties P<0.05.

Table 4 shows significance level among
varietieson L, a, b, pH, TA (%), TSS (%) and DM
(%). The present study revealed that highest DM
content (39.59%) was observed in variety V1 and
followed by V3 (39.36%). Whereas, minimum
DM content (36.60%) was obtained in the clove
V2 (Table 4). This might be due to the fact that
larger sized cloves have more moisture content
comparatively ~ which  results in  higher
physiological losses and ultimately lower
percentage of dry matter content. DM contents
were not significantly effected by varieties. Our
results are higher than Artik and Poyrazoglu
(1994) and Gautam et al. (2018). Similarly, our
Chinese variety’s results were higher than
Pardo’s et al. (2007) findings. But all DM results
were lower than Singh and Chand (2003) and
Singh et al. (2012) results.

Consumers prefer white bulbs of total
soluble solids content (>35% in both cases)
(Anonymous, 1997; USDA, 1997). TSSis used as
an indicator of its storability (Foskett and
Peterson, 1950). TSS results showed significant
differences among garlic varieties (Table 4). This

variation could be emerged from different
environmental conditions. Total soluble solids
content ranged from 33.13 to 36.80%. Highest
TSS was recorded in V4 (36.80%) and the lowest
value were recorded with 34.13 and 33.13% in V3
and V2, respectively. Our results gave much
higher values than Pardo et al. (2007), Grégrova
et al. (2013) and Youssef et al. (2014). On the
other hand, our results are lower than early reports
of Artik and Poyrazoglu, (1994), Singh and
Chand, (2003) and Singh et al. (2012). Garlic
genotypes grown in different environments vary
much with their TSS.

Color is one of the most important quality
characteristic in terms of consumer acceptance of
garlic. Changes in L values were given in Table
4, the highest results of the L values were found
in V2 (88.15) followed by V3 (87.24) and V4
(84.85) and the lowest data was taken from V1
(73.54). Effects of variety for this parameter were
not found statistically significant (p<0.05). Table
4 revealed that the highest a value was recorded
in V4 (-2.21) and lowest value was taken from V3
(-3.14). Three of them were statistically similar
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but only V4 was found to be statistically different.
Regarding b values, statistically significant
differences were attractive for all varieties. b
results were noted as 26.38, 21.33, 20.32 and
17.89 in V1, V3, V2 and V4, respectively. Our
results (L,a,b) were higher than varieties used by
Rejano et al. (1997). Although, L and b vaues
were found higher, a values were noticed lower
than results of Artik and Poyrazoglu (1994) and
Pardo et al. (2007). Additionally, L and a values
were lower, and b values were higher than
Grégrova et al. (2013).

Titratable acidity is a critical quality
parameter in garlic. TA content were determined
between 1.06-1.21%. As regards TA, V4 (1.21%)
and V1 (1.19%) were found to be highest, which
were significantly different from the V2 (1.07%)
and V3 (1.06%) (Table 4). Our results are higher
than reports of Artik and Poyrazoglu (1994),
Dronachari et al. (2010) and Akan (2016).
Considering TA, it is an important parameter for
freshness, mature stage, flavor and microbial
quality.

To evaluate the quality of garlic and garlic
products, it is important to consider pH levels.
Generally, pH level may influenced mainly by
irrigation, fertilization and ecological conditions.
Based on our pH results in Table 4, higher values
were found in V4 and V3. V1 showed the lowest
pH level. When comparing pH levels among
varieties, significant difference was only for V1.
In all cases, pH level was between 5.50 and 6.33.
Some early reports (Artik and Poyrazoglu, 1994;
Pardo et al., 2007) were found higher than our
results.

AA in varieties ranges from 42.62% 1 to
62.58% |. Varieties V4 (62.58% 1) and V3
(42.62% 1) exhibiting a high and low antioxidant
activity, respectively. AA was found statistically
different among varieties (Figure 1). Our findings
were higher than Queiroz et al. (2009), Priecina

and Karlina (2013) and Kavalcova et al. (2014),
Ghasemi et al. (2015). According to these results,
it seems that the level of AA in garlic has been
affected by geographical area. Additionally, Strail
et al. (2006) and Bozin et al. (2008) stated that the
reason for this may be the experimental method,
the polarity of the garlic extracts and the content
of the different phenolic compounds it contains.

TPC results of four garlic varieties are seen
in Figure 1. Significant differences were not
observed among varieties, the highest value of
TPC was recorded in V3 (32.17 mg GAE g FW-
1y, and also variety V1 (26.11 mg GAE g* FW?)
has the lowest TPC values (Figure 1). Generally,
very small variations were found in TPC between
different garlic varieties. Regarding TPC content,
results were higher than Bozin et al. (2008),
Queiroz et al. (2009), Beato et al. (2011) Priecina
and Karlina (2013), Kavalcova et al. (2014) and
Petropoulos et al. (2018) findings, but lower trend
was observed in varieties of Nagella et al. (2014)
and Ghasemi et al. (2015) used in their study.
However, these higher results from earlier
findings are most probably due to genotype and
different region effect, cultivation practices and
climatic conditions beside differences in the
methodology and the experimental conditions
used in the different studies.

Correlation matrix was also done to
determine the relationships among different
parameters in this study. Simple correlation was
done on analysed parameters of different garlic
varieties (Table 5). TSS was positively and
significantly correlated with TA, DM and L value
were non-significantly correlated with other
parameters. a value was significantly correlated
with TA,; b value was significantly correlated with
pH, L and a value. Significant positive correlation
of AA was observed with a value. Also, TPC was
significantly correlated with pH and TA.
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Table 4: Interaction effect of garlic varieties on L, a, b, pH, TA (%), TSS (%) and DM (%).

Var. L a b pH TA TSS DM
V1 73.54+294 * -3.01+£0.19b  2638+1.93a' 5.50+0.00ns 1.19+£0.00 a 35.86+0.25b 39.59 +1.35ns
V2 88.15+1.01 ns -2.93+0.27b 20.32+1.28b 6.16+£0.57 ns 1.07+0.00 b 33.13+0.15d 36.60+0.16 ns
V3 87.24+1.21 ns -3.14+£043b 21.33+£0.86b 6.33+£0.28 ns 1.06 £0.10b 34.13+0.25¢ 39.36+2.15ns
V4 84.85+0.24 ns -2.21+0.06 a 17.89+0.35¢c 6.33+0.28 ns 1.21£0.00 a 36.80+0.26 a 38.84+2.14 ns
LSD(0.05) - 0.517 2.359 - 0.089 0.441 -
P. Value 0.083 0.013 0.000 0.059 0.052 0.000 0.189

*: meantstandard error of mean.

Small letters show differences among varieties (P<0.05).

ns: non significant

Table 5: Simple correlation on analysed parameters of different garlic varieties.

Parameters pH TA TSS DM L a b AA TPC

pH 1

TA 0.152 1

TSS 0.526 0.005* 1

DM 0.533 0.995 0.093 1

L 0.101 0.203 0.164 0.174 1

a 0.640 0.029* 0.062 0.541 0.984 1

b 0.009* 0.917 0.920 0.246 0.013* 0.045* 1

AA 0.187 0.464 0.253 0.830 0.857 0.041* 0.100 1

TPC 0.037* 0.010* 0.077 0.423 0.330 0.633 0.379 0.594 1

* Significant at 0.05 probability level.
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Figure 1: Antioxidant activity (A) and total phenolics content (B) of four different garlic varieties.
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CONCLUSION

All analysis of the variability indicators in
garlic varieties exhibited similar or dissimilar
results. According to the our results, the effect of
variety was significant for all morphological
characters (Bulb weight, clove weight, clove
height, number of clove/bulb). Meanwhile, lack
of significant variation in some biochemical
parameters can be explained by different genetic
and environmental conditions.

Turkish cultivar (Taskoprii) variety V4 has
great characteristics such as TA (1.21%), TSS
(36.80%) and antioxidant activity (62.58% I). On
the other hand, imported cultivars can be
considered promising cultivars because Spanish
variety V2 and Chinese variety V3 bulbs have
high L values (88.15 and 87.24), and also French
varieties have highest DM (39.59%) and
additionally Chinese variety V3 has a highest
level of TPC (32.17 mg GAE g'Fw?).
Therefore, all these characteristics are preferred
by garlic growers and consumers in whole world.

As a result, this study focused on influence
of the different garlic varieties, which are
cultivated from different regions, on some
morphological and biochemical properties. Some
findings in this work can be considered as an
attractive by researchers, who are interested in
garlic. Moreover, comparison of different
varieties gives a chance to select the most
valuable breeding material for future studies.
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