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ABSTRACT

The selection of suitable garlic ecotypes is necessary for better storage quality to meet domestic and export requirements. For this
purpose, ten promising garlic ecotypes, including hardneck and softneck types (Kilis, Mersin, Kahramanmaras, Araban, Yavuzeli, Taskopra,
Nevsehir, Ankara, Aksaray, and Tokat) were examined to identify superior ecotype/s in terms of storability without detrimental changes
for 6 months in warehouse condition. Thus, weight loss, sprouting ratio, and titratable acidity increased, whereas pH and antioxidant
capacity decreased in all ecotypes with an increase in storage period. In addition, dissimilar behaviors were detected in SSC, ash, total
phenolic, and macro- and micro minerals among ecotypes in relation to the storage period. This study demonstrates that Taskopri, Tokat,
Nevsehir, and Ankara ecotypes presented the best behaviors during storage, which are considered quality attributes and good indicators
of predicting storage life. It also highlighted the potential of ecotype selection to prevent unacceptable levels of quality in garlic and the
ecotype-dependent effect of long-term storage on quality parameters. Conclusively, it is possible to declare that softneck garlic ecotypes
are more durable in the same storage conditions, considering the maintenance of quality attributes and good adaptation to longer storage.
Therefore, the intensity of change in quality attributes was found to be crucial for identifying and choosing ecotypes to enhance the

storage stability. It also imparts desirable properties for consumer acceptance and various processed garlic-based products.
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INTRODUCTION

Gatlic (Allium sativum 1..) is in high demand due to its
marketing value to both wholesalers and retailers. In Turkey,
it is easily available on the market during the whole year,
both as raw and processed products. No doubt, garlic
has the ideal balanced flavor and nutritional value as a
raw ingredient when incorporated into food products
(Sharma et al., 2021). Gatlic is an excellent dietary source
of bioactive compounds, particularly organo- sulfide
compounds (Beato et al., 2011) and phenolic compounds.
These pronounced chemical compositions also change
depending on the genotype (Akan, 2019; Petropoulos
et al., 2018).

Despite the advancement of production technology,
postharvest losses still pose a great problem. Garlic
production is hampered by various storage losses, and this
shows that garlic producers have not been able to meet the
demand for food consumption in many countries. Garlic’s
reckless post-production practices, including harvesting,

curing, storage, and handling cause severe quality losses.
Therefore, proper storage is unavoidable across the
augmenting market demand. Sharma et al. (2021) reported
that storage losses of garlic were at 35-40% and major losses
of garlic comprised weight loss and disease development.
In addition, “waxy breakdown” is a main physiological
disorder of gatlic, it induces yellowish discoloration and a
transparent appearance of cloves. Furthermore, itis caused
by high temperatures during storage and leads to accelerated
senescence (Ryall and Lipton, 1979). As a matter of fact,
storage is the most important factor in garlic for supplying
continuous desirable quality in accordance with market
demand (Nurmalia et al., 2019). The main storage factors
for garlic are storage temperature, relative humidity (RH),
period, and modified or controlled atmospheric conditions
(Madhu et al., 2019). In that sense, well-cured and cleaned
garlic bulbs can be stored at -1 to 0°C with 60-70% RH for
up to 12 months (Hannan and Sorensen, 2002). It is also
reported that the storage life of garlic bulbs are 1-2 months
at 20-30°C (Cantwell, 2004). When garlic bulbs ate stored
between 4 and 18°C, sprouting is observed rapidly, which
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eventually leads to high-quality losses (Desta et al., 2021).
In addition, low RH (no more than 65-70%) is crucial for
proper garlic storage management, because high RH (above
70%) favors weight loss, decay, and root growth (Akan and
Tuna Gunes, 2021; Vazquez-Barrios et al., 2006). It has
been suggested that for the best storage of gatlic bulbs
against pests, pathogens, and the fungi, the temperature
and RH should be between 13 and 18°C, and 40 and 60%
respectively, because they are less active at this condition

(Madhu et al., 2019).

Growing, obtaining high yields, and storability for long-
term garlic is directly dependent on variety (Akan, 2019;
Volk et al., 2004). Gatlic varieties have been divided into
2 main types: softneck (Alium sativum var. sativum) and
hardneck (AZium sativum var. ophioscorodon). Softneck garlic
varieties can be stored for longer and have a better storage
ability than hardneck varieties (Block, 2010). For instance,
softneck gatlic varieties can be stored under commercial
storage conditions for up to 9 months when stored at
0°C or for 1 to 2 months at 20°-30°C. On the other
hand, hardneck varieties can be stored for up to 6 months
under ideal conditions (Harris, 2016). According to the
TurkStat data, in Turkey, softneck garlic varieties have
commonly used in commercial mass production until last
year (TurkStat, 2021). However, nowadays, hardneck garlic
preference has replaced softneck. The selection of garlic
types can vary tremendously from one location to another,
considering erratic climatic conditions (Raslan et al., 2015).
Domestic ecotypes are completely adapted to the local
conditions that are recommended for their usage and
storage. It is pivotal in ensuring long-term storage without
significant deterioration for acceptable quality as well as
obtaining a high yield. In Turkey, garlic is harvested from
the beginning of May to the end of July and then stored
to ensure a year-round supply. Although garlic is stored
commercially in warehouses for up to 9 months, it is not
obvious whether this storage regime is ideal or not for the
preservation of biochemical quality over the course of time.
The current storage methods focused on ensuring healthy
bulbs such as being free from sprouting, disease and injury,
but biochemical quality control is not routinely performed
during storage (Ludlow et al., 2021). The selection of gatlic
varieties and available storage options do not make matters
any easier to meet market standards throughout the year. To
the best of our knowledge, there is a gap in previous studies
on clarifying the behavior of different garlic ecotypes
under the same storage conditions. Innumerable studies
on improving the storage life of softneck and hardneck
gatlic cultivars have been performed separately. However,
up to date, information on the comparative response to
the biochemical and physical quality of the softneck and
hardneck gatlic ecotypes during long-term storage has
been lacking. It is required to monitor the storage life of
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these different ecotypes during storage as well as their
physical attributes. Therefore, good and protective storage
methods will be enhanced in the future based on specific
physiological responses recorded in this study. Hence, this
study aimed to evaluate the similarities and differences
between softneck and hardneck garlic ecotypes in terms
of storage performance under uncontrolled commercial
conditions in warchouses for 6 months. Another significant
aim of this study is the identification of superior ecotypes
in garlic varieties according to their extended postharvest
quality retention to overcome a considerable gap in
continuous supply to domestic and overseas markets.
Therefore, promising high-quality ecotypes will make garlic
a commodity of international prominence.

MATERIALS AND METHODS

Plant material

Garlic bulbs of each ecotype were collected from farmers
in the most important regions for garlic cultivation after
harvesting and curing naturally by observing maturity indices
in 2020. Considering that, 10 garlic ecotypes from sampling
regions extend all over Turkey. There is a huge diversity in
planting and harvesting times among the selected ecotypes.
Further details about each ecotype are presented in Table 1.
Following the collection, experimentally high-quality bulbs
were chosen including those free from sprouting damage,
uniformity and exhibiting size.

Storage conditions

All garlic ecotypes were stored in the experimental
warchouse in dark conditions for 6 months. During the
storage period, the cooling of the room was enabled
ventilation throughout the night by opening doors. As
depicted in Fig, 1, the temperature and relative humidity
(RH) of the warehouse were recorded using a thermo-
hygrometer (Wewell, VHM 140). During the storage period,
average storage temperatures and RH were recorded in a
watehouse at 13 °C and 62% (Fig. 1).

Quality attributes

The garlic bulbs were randomly selected from the crates
to record observations on various quality attributes. These
attributes were evaluated at bimonthly intervals (0, 2, 4, and
6) during a storage period of 6 months.

Weight loss (WL)

WL was determined using a digital scale (£0.01 g) (Mettler
Toledo, Ohio, USA) and following the method by Sharma
et al. (2020) during storage and as given below:

Initial weight of bulbs —
weight of bulbs at particular time interval
Initial weight of the bulbs

%100

(WL)(%) =
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Table 1: Description of the studied ecotypes concerning region, type of cultivation, planting-harvesting time, and garlic type

Ecotype name Region/Collected district Type of cultivation Planting time Harvesting time Type
Kilis Kilis/Centre Local landrace October June Hardneck
Mersin Mersin/Erdemli Local landrace September June
Kahramanmaras Kahramanmaras/Pazarcik Commercially cultivated September May
Araban Gaziantep/Araban Commercially cultivated October May
Yavuzeli Gaziantep/Yavuzeli Local landrace October May
Tasgkopri Kastamonu/Taskopri Commercially cultivated February July Softneck
Nevsehir Nevsehir/Centre Local landrace October June
Ankara Ankara/Afsar Local landrace November June
Aksaray Aksaray/Acipinar Commercially cultivated October June
Tokat Tokat/Kizilca Commercially cultivated February July

2 80 Antioxidant capacity (AOC) and total phenolic

- " _ content (TPC)
o 18 60 i The extraction of antioxidant capacity and total phenolic
g ij 50 ’é content measurement were carried out according to
g 12 40 E = Warehouse . Brand—Williams et al. (1995) and Zor (2006) methods
& 0 ——Warehouse Reaive with some modifications. Briefly, a 5 g sample was

humidity (%)

=
=)

0
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Storage Period (Month)

Fig 1. Monthly average temperature and relative humidity values of
stored warehouse

Sprouting ratio (ST), rooting score (RS) and waxy
breakdown (WB)
SR was determined using the following formula (Sharma
et al., 2020):

Number of sprouted

1 bulb
Sprouting percentage = COVesper bu x 100
Total number of

clovesper bulb

A rooting score of cloves was evaluated visually and
presented as the percentage of gatlic clove number showing
corresponding symptom in the whole group (Kang and
Lee, 1999). The occurrence of waxy breakdown was
counted based on the number of waxy breakdown in each
bulb (Nurmalia et al., 2019).

Soluble solids content (SSC) and ash content

SSC was determined by a digital abbe refractometer (Leica
10480, Germany) and presented as a percentage (%). The
ash content of garlic was determined according to AOAC
(2000) and given as a percentage (%o).

Titratable acidity (TA) and pH

TA was measured by an automatic titrator (DL 50 Mettler) and
the results were expressed as citric acid %. The pH value was
recorded with a digital pH meter MP 220 (Mettler Toledo).
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homogenized with 25 mL of distilled water by a
homogenizer (IKA-Labortechnik, Ultra-turrax T25) for
20 sec. The homogenate was kept in dark room conditions
for 30 min. After centrifuging, 10,000 X g at 4 °C for
10 min, the supernatant was transferred to a centrifuge
tube and this step (centrifugation of the supernatant) was
repeated twice. Then, combined supernatants were used
for determinations.

The AOC analysis was evaluated by the radical scavenging
activity of the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
according to Brand-Williams et al. (1995) with a
spectrophotometer (Shimadzu UV/VIS). The AOC
results were expressed as a percentage of inhibition (I%)
according to the formula:

Acontrol - Asam le
Inhibition % =——"——"""°x 100

control

The TPC was determined with the Folin-Ciocalteu
reagent described by Lu et al. (2011). The absorbance
was measured at 765 nm on a UV/Vis spectrophotometer
(Shimadzu, Kyoto, Japan). The TPC results were expressed
as mg of gallic acid equivalents per gram in fresh (mg
GAE ¢! fw).

Macro-and micro mineral contents

The macro-and micro mineral analysis was performed
based on a procedure previously described by Petropoulos
etal. (2018). Garlic samples were dried at 72 °C in a forced-
air oven until they reached a constant weight. The dried
samples were then ground into a powder using a grinder
and extracted with 1 N HCI to obtain the final solution.
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Atomic absorption spectrophotometry (Perkin Elmer
1100B, Waltham, MA, USA) was used to determine calcium
(Ca), magnesium (Mg), iron (Fe), copper (Cu), manganese
(Mn), and zinc (Zn) contents. Thereafter, flame photometry
(Sherwood Model 410, Cambridge, UK) was used to
determine sodium (Na) and potassium (K) contents.

Statistical analysis

All measurements were performed in triplicate, each
replication included ten bulbs, and analysis was carried
out on thirty randomly selected cloves. The experimental
design was a completely randomized design (CRD) in
which ecotypes and storage period were considered as the
main factors. Experimental data were analyzed by ANOVA
in MINITAB Software (Trial Version, United Kingdom)
and Tukey’s honestly significant difference test (MSTAT-C
software) was used for multiple comparisons among
genotypes, storage period, and their interactions at a
significance level of P =< 0.05. Additionally, hierarchical
clustering analysis (HCA) was carried out to assess
variation and relationships among ecotypes by employing
JMP software (version 16, SAS Inc., Cary, NC, USA).
The results were also presented both in constellation
plots showing group/cluster relationships as well as in
dendrograms.

RESULTS AND DISCUSSION

Weight loss (WL)

The WL of the gatlic ecotypes is presented in Table 2. In
all ecotypes, the trend of percent WL increased with the
advancement of the storage period, in agreement with
previous research (Ludlow, 2019). Significant differences
(P = 0.05) were determined among gatlic ecotypes. At
the end of the storage period, it was discovered that the
Yavuzeli ecotype had the highest WL value (55%), while the
Tokat ecotype had the lowest WL value (11.42%), indicating
high- and low-quality deterioration. Apart from the Tokat
ecotype, low WL values appeared in the Ankara (12.50%)
whereas the Kahramanmaras showed the second highest
values (30.56%) in the 6" month of storage. Our results
(2.53 and 11.49%) were lower than the values reported by
Kowser et al. (2018), who found WL between 5.45 and
53.01% in different garlic genotypes after two months of
storage. This may be owing to the dissimilar behaviors
of the varieties studied by these authors. To back this
up, the respiration rate of garlic ecotypes increased (data
not shown) during storage, which indicates an increase in
physiological activity that contributes to greater WL as
mentioned in Nurmalia et al. (2019) and Vazquez-Barrios
et al. (2006). The WL value may therefore be considered
as an cffective limit for maintaining garlic. One of the
factors that could be used to estimate storage life is WL.
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In Turkey, it has already been pointed out that a WL of
up to 15% could be an acceptable rate for garlic, and this
would permit marketing of the product (TOBB, 2022).
Considering the acceptable rate, the storability of ecotypes
Kilis and Yavuzeli for 2 months; Mersin, Kahramanmarag
and Araban for 4 months; Taskoprii, Nevsehir, Ankara,
Aksaray, and Tokat for 6 months.

Sprouting ratio (SR), rooting score (RS) and waxy
breakdown (WB)

As summarized in Table 2, the SR values ranged between
0-100% during the whole experimental period. As the
storage period prolonged, the SR increased except for the
Taskopri and Tokat ecotypes. After 2 months of storage,
the SR began to increase in some ecotypes, although this
tendency was most pronounced in the ecotypes including
Araban (64.04%), Kahramanmaras (58.34%), and Yavuzeli
(43.73%), which showed that the dormancy period was
short in these ecotypes. The results of the SR are in partial
agreement with those reported by Cantwell and Mann
(2004) and Lewis (1956) who describe an eatly onset of
sprouting at intermediate temperatures. On the other hand,
there were no appreciable changes in this parameter up
to 6 months of storage in Tagkoprii and Tokat ecotypes,
which implies that the garlic was still dormant. However,
ecotypes such as Mersin, Araban, Ankara, and Aksaray
have reached a maximum occurrence (100%) at the end
of storage. The results mentioned above suggest that
the SR of each ecotype gave different responses to the
storage period, which is in line with a report by Nurmalia
et al. (2019) indicating that the dormancy period vaties
depending on the variation in genotypes. Wheeler et al.
(1998) also revealed that sprouting in storage was related
to lower levels of total water-soluble solids in the bulbs,
which was mostly related to the early harvest. The shelf
life of ecotypes would be determined by the dormancy
period, and this parameter could be used as an indicator.
However, for a SR to be a more precise indicator, parallel
changes in other quality attributes are required. Vazquez-
Barrios et al. (2006) propose the SR of 50% as a shelf
life limit. Based on this previous data, the storage period
could be advised as 2 months for the ecotypes Mersin,
Kahramanmaras, Araban and Yavuzeli; 4 months for Kilis,
Ankara and Aksaray; 6 months for Tasképru, Tokat and
Nevsehit.

Regarding RS, the results remained unchanged in all tested
ecotypes during storage at each analysis time. Namely,
we did not observe the rooting in all ecotypes over the
course of storage thus; we could not record the RS values.
Concerning waxy breakdown, there was no detectable WB
in any sample throughout the experiment. This shows that
each ecotype gives the same responses in terms of WB
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Table 2: Weight loss (WL), sprouting ratio (SR), soluble solids (SSC) and ash content of garlic ecotypes during storage at

warehouse conditions for 6 months

Factors WL (%) SR (%) SSC (%) Ash (%)

Ecotype (E) x Storage Period (SP)
Kilis x 0" month 0.00+0.00D,a* 0.00+0.00C,a 23.73+0.26D,e 1.24+0.02C,h
Kilis x 2 month 11.49+0.09C,a 0.00+0.00C,e 28.07+1.01C,d 1.25+0.01C,bc
Kilis x 4" month 19.40+0.09B,b 25.89+0.04B,g 31.03+0.03B,a 1.44+0.03B,d
Kilis x 6™ month 28.47+0.09A,c 59.39+0.01A,d 40.53+0.08A,a 1.52+0.00A,b
Mersin x 0" month 0.00+0.00D,a 0.00+0.00D,a 35.03+0.12A,c 3.70+0.04A,a
Mersin x 2™ month 3.89+0.02C,def 20.30+0.35C,d 30.70+0.15B,c 0.55+0.03D,f
Mersin x 4" month 10.58+0.05B,e 66.64+0.39B,c 25.03+0.03C,b 1.56+0.00B,c
Mersin x 6" month 18.30+0.08A,e 100.00+0.00A,a 35.13+0.03A, ef 1.45+0.01C,c
Kahramanmaras x 0" month 0.00+0.00D,a 0.00+0.00D,a 34.90+0.10A,c 1.98+0.00A,d
Kahramanmaras x 2™ month 6.41+0.15C,c 58.34+0.02C,b 32.43+0.06B,bc 1.25+0.00B,bc

Kahramanmarasg x 4" month
Kahramanmarag x 6" month
Araban x 0" month
Araban x 2" month
Araban x 4" month
Araban x 6" month
Yavuzeli x 0" month
Yavuzeli x 2" month
Yavuzeli x 4" month
Yavuzeli x 6" month
Tagkopri x 0" month
Taskoprl x 2™ month
Taskopri x 4" month
Taskopri x 6" month
Nevsehir x 0" month
Nevsehir x 2™ month
Nevsehir x 4" month
Nevsehir x 6 month
Ankara x 0" month
Ankara x 2" month
Ankara x 4" month
Ankara x 6" month
Aksaray x 0" month
Aksaray x 2" month
Aksaray x 4" month
Aksaray x 6™ month
Tokat x 0" month
Tokat x 2™ month
Tokat x 4" month
Tokat x 6™ month
Significant effects
E
SP
ExSP

16.85+0.02B,c
30.56+0.16A,b
0.00+0.00D,a
4.30+0.03C,d
13.36+0.23B,d
26.22+0.06A,d
0.00+0.00D,a
9.01+0.02C,b
22.01+1.49B,a
55.09+0.20A,a
0.00+0.00D,a
3.19+0.09C,efg
6.56+0.00B,g
12.45+£0.11A,gh
0.00+0.00D,a
4.35+0.06C,d
6.72+0.06B,g
12.19+0.14A,gh
0.00+0.00D,a
2.86+0.06C,fg
6.34+0.07B,g
12.50+0.10A,9
0.00+0.00D,a
2.53+0.03C,g
8.11+0.05B,f
15.83+0.03Af
0.00+0.00D,a
4.14+0.04C,de
7.16+0.04B,fg
11.42+0.06A,h

0.000
0.000
0.000

83.32+0.01B,a

30.73+0.03B,a

0.97+0.00C, ef

90.89+0.00A,b 36.06+0.03A,cde 1.22+0.00B,f
0.00+0.00D,a 38.50+0.11A,b 1.55+0.00C, ef
64.04+0.38C,a 36.83+0.08A,a 1.76+0.00B,a
78.22+0.22B,b 23.46+0.11C,bc 1.81+0.00A,a
100.00+0.00A,a 33.03+0.03B,f 1.26+0.00D, ef
0.00+0.00D,a 35.16+0.08B,c 1.56+0.00B,e
43.73+0.03C,c 28.40+0.11C,d 1.29+0.00C,b
62.55+0.02B,d 21.86+0.03D,cd 1.71+0.00A,b
71.22+0.03A,c 37.63+0.08A,bcd 1.68+0.00A,a
0.00+0.00A,a 38.46+0.03A,b 2.76+0.00A,c
0.00+0.00A,e 37.43+0.08A,a 0.98+0.00B,e
0.00+0.00A,i 23.56+0.03B,bc 0.99+0.00B,ef
0.00+0.00A,f 37.76+0.06A,bcd 1.01+0.00B,g
0.00+0.00C,a 43.90+0.25A,a 1.46+0.00A,9
0.00+0.00C,e 31.63+0.08C,bc 1.24+0.00C,bc
23.07+0.01B,h 31.13+0.06C,a 1.02+0.01D,e
41.63+0.04Ae 39.60+0.05B,ab 1.29+0.00B,e
0.00+0.00C,a 38.86+0.06A,b 1.46+0.00A,9
0.00+0.00C,e 36.80+0.11B,a 1.22+0.00C,c
27.00+0.00B,f 31.46+0.03C,a 0.94+0.02D,f
100.00+0.00A,a 37.53+0.03AB,bcd 1.37+0.02B,d
0.00+0.00C,a 32.53+0.03B,d 1.50+0.00A,fg
0.00+0.00C,e 30.26+0.23C,cd 1.01+0.00C,e
28.55+0.03B,e 20.80+0.00D,d 1.47+0.01A,d
100.00+0.00A,a 35.66+0.03A,de 1.22+0.00B,f
0.00+0.00A,a 42.43+0.03A,a 3.02+0.01A,b
0.00+0.00A,e 33.30+0.05C,b 1.15+0.00B,d
0.00+0.00A,i 29.76+0.03D,a 0.75+0.00D,9
0.00+0.00A,f 38.06+0.03B,bc 1.00+0.00C,g
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

*meanzstandard error of mean (SEM). Capital letters show differences among storage periods in each ecotype, lower letters show differences between
ecotypes in each storage period at P<0.05 error level according to Tukey’s test

during storage. Nurmalia et al. (2018) reported a similar
behavior for WB in gatlic bulbs during 4 months of storage.
On the other hand, Kowser et al. (2018) noted significant
increase in WB of garlic during 4 months of storage. Our
samples that are free of WB could be resulted from not
being subjected to a high temperature before harvest, which
explained in a report by Schwartz (1995).
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Soluble solids content (SSC) and ash content

Genotypes that have higher SSC content could be utilized
for the processing purposes (Singh et al., 2011). In
Table 2, the experiments demonstrated that there were
some fluctuations in the values of SSC in gatlic ecotypes
throughout the storage, which is in line with the results
of Kopsell and Randle (1997) in onion. According to the
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current findings, the initial values of SSC varied between
23.73 and 43.90% among different ecotypes, and all
ecotypes decreased from the 0" to 4™ month, and then
increased in the 6™ month of storage except for the Kilis
ecotype. The highest values were noticed in ecotype Kilis
(40.53%), while ecotype Araban (33.03%) had the lowest
values at the end of the storage. When considering each
ecotype’s behavior during the storage period, the highest
increases from the beginning to the end of storage were in
ecotype Kilis (23.73 to 40.53%), and the highest decrease
was in ecotype Araban (38.50 to 33.03%). The reason for
the proportional rise in SSC of garlic could be a result
of an increment in weight loss. This situation was also
reported by Akan et al. (2019), as well as Akan and Tuna
Gunes (2021) in garlic during storage.

The ash content of gatlic ecotypes was found to range from
the initial range of 1.24-3.70% to the final range of 1.00-
1.68% during the storage period of six months (Table 2).
Except for ecotypes Kilis and Yavuzeli, the ash content
diminished and increased at different rates in other ecotypes
at the end of storage. While the highest reduction in ash
content was determined in Mersin and Tokat ecotypes, the
highest increment was in Mersin and Yavuzeli ecotypes. There
has been very limited information in the literature regarding
the ash content of garlic bulbs and its changes during
storage. According to experience, the previously mentioned
discrepancies in the results may be related to the variations in
cultivation conditions, harvesting and curing time. The results
of ash content are in partial agreement with those reported
by Bahnasawy and Dabee (2006) who noticed that ash
content increased from 1.61 and 1.65% for the gatlic stored
traditionally. Petropoulos et al. (2016) have also reported an
increase in the ash content of onions after long-term storage.

Titratable acidity (TA) and pH

As seen in Table 3, the TA value increased as the storage
period increased and compared to initial values (0.180-
0.411%), garlic ecotypes were more acidic after 6 months
of storage (0.537-0.965%). During the whole experiment,
Kilis ecotype had the highest and Nevsehir ecotype had
the lowest increase in TA, which ranged from 0.180 to
0.823% and from 0.246 to 0.537%, respectively. Akan etal.
(2019), Akan and Tuna Gunes (2021), Dronachari et al.
(2010) similarly observed an increase in the ratio of TA in
garlic cloves and bulbs during storage. A reverse trend was
observed in pH values of all ecotypes with the progress of
the storage period and this pattern of change was in line
with TA results. The initial pH values of garlic ecotypes
varied between 6.77 and 7.01, pH increased in most garlic
ecotypes in the 6" month. Compated to initials, pH values
decreased to the range of 6.11-5.98 within samples after
6 months (Table 3). The decline in pH of Aksaray ecotype
occurred at a faster rate than in others, whereas the slowest
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decline was determined in ecotype Ankara at the end of
the storage.

As mentioned earlier, a gradual increase in the percentage
of acidity occurred, but the pH decreased during storage
(Table 3). Berno et al. (2014) described similar changes in
onions during storage. Because the TA and pH are associated
with the organic acid content, high stress due to microbial
activity in stored foods is one of the obvious consequences
of alarger production of these acids leading to an increase
in acidity and a reduction in pH values (Soccol et al., 2000).

Antioxidant capacity (AOC) and total phenolic content
(TPC)

The AOC content of the ecotypes differed significantly
both at the initial and at the end of storage (Table 3). The
AOC in garlic for all ecotypes appears lower in stored
ecotypes than prior to storage. Similarly, Akan and Tuna
Gunes (2021) observed a dectrease in the AOC of garlic
bulbs stored for 6 months. Previous reports have shown
that storing garlic cloves for a longer period of time can
help decrease AOC levels (Verissimo et al., 2010; Li et al.,
2015; Akan et al., 2019). The reduction in AOC of garlic
ecotypes after storage for 6 months was the lowest in
Mersin (~7%) and Aksaray (~16%) whereas it was the
highest in Kilis (~31%) and Yavuzeli (~24%). On the other
hand, during the whole experiment, Tasképrii, Nevsehir,
and Ankara ecotypes had a relatively high content of AOC,
respectively. This discrepancy amongst obtained results of
the AOC level of ecotypes could be attributed to different
ecotypes being cultivated in different areas. Besides, there
are differences in cultivation practices and microclimate
conditions between these areas. Denre et al. (2013) and
Petropoulos et al. (2018) also observed a significant
variation in AOC among diverse garlic cultivars and they
have reported similar results.

As for TPC, there was a considerable change in values
between ecotypes (Table 3). Our results are compatible
with some reports, which found a significant variation
in TPC results of garlic (Hirata et al., 2015; Petropoulos
et al.,, 2018). The disparities in the data obtained herein
could be owing to genetic factors, climatic and growing
conditions and so forth. Even, Beato et al. (2011) have
revealed that the same garlic cultivars at four different
locations show a significant effect of growing conditions
on TPC. At the beginning of storage, the ecotypes Tokat
and Kilis showed the highest and lowest TPC, respectively
(34.88 and 24.67 mg GAE 100 ¢! fw), while the other
ecotypes showed intermediate values. TPC either increased
(Kilis, Mersin, Yavuzeli, Nevsehir, and Aksaray) or slightly
decreased by 9% (Kahramanmaras and Araban) at the end
of the trial. The ecotypes Tasképrii, Ankara, and Tokat had
returned to their initial value by the end of the experiment.
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Table 3: Titratable acidity (TA), pH, antioxidant capacity (AOC), and total phenolic content (TPC) of garlic ecotypes during storage
at warehouse conditions for 6 months

Factors

TA (citric acid %)

pH

AOC (%l)

TPC (mg GAE 100 g")

Ecotype(E)xStoragePeriod(SP)
Kilis x 0" month
Kilis x 2™ month
Kilis x 4" month
Kilis x 6" month
Mersin x 0" month
Mersin x 2" month
Mersin x 4" month
Mersin x 6" month
Kahramanmaras x 0" month
Kahramanmaras x 2" month
Kahramanmarasg x 4" month
Kahramanmarag x 6" month
Araban x 0" month
Araban x 2" month
Araban x 4" month
Araban x 6" month
Yavuzeli x 0" month
Yavuzeli x 2" month
Yavuzeli x 4" month
Yavuzeli x 6" month
Tagkopri x 0" month
Taskoprl x 2™ month
Taskopri x 4" month
Taskopri x 6" month
Nevsehir x 0" month
Nevsehir x 2™ month
Nevsehir x 4" month
Nevsehir x 6 month
Ankara x 0" month
Ankara x 2" month
Ankara x 4™ month
Ankara x 6" month
Aksaray x 0" month
Aksaray x 2" month
Aksaray x 4" month
Aksaray x 6™ month
Tokat x 0" month
Tokat x 2™ month
Tokat x 4" month
Tokat x 6" month

Significanteffects
E
SR
ExSP

0.180+0.00D,f*
0.383+0.00C,d
0.614+0.00B,c
0.823+0.00A,d
0.314+0.00D,d
0.419+0.00C,d
0.578+0.01B,def
0.647+0.00A,f
0.389+0.00D,ab
0.564+0.00C,a
0.787+0.01B,a
0.965+0.00A,a
0.411+£0.01D,a
0.528+0.00C,b
0.603+0.00B,cd
0.869+0.01A,bc
0.407+0.00D,a
0.518+0.00C,b
0.721+0.00B,b
0.898+0.00A,b
0.384+0.00D,ab
0.526+0.00C,b
0.567+0.00B,ef
0.675+0.00A ef
0.246+0.00D,e
0.385+0.00C,d
0.420+0.00B,h
0.537+0.00A,g9
0.344+0.00C,cd
0.460+0.02B,c
0.515+0.00A,9
0.541+0.00A,g9
0.368+0.01C,bc
0.396+0.02C,d
0.554+0.00B,f
0.856+0.00A,cd
0.393+0.01D,ab
0.527+0.00C,b
0.591+0.00B,cde
0.686+0.00A,e

0.000
0.000
0.000

7.00+0.02A,a
6.46+0.00B,a
5.82+0.00D,b
6.10+0.00C,a
6.88+0.00A,c
6.25+0.00B,de
5.72+0.00D,d
5.98+0.00C,c
6.77+0.01A,e
6.23+0.00B,e
5.65+0.00D,e
6.01+0.00C,bc
6.84+0.01A,cd
6.35+0.01B,c
5.79+0.01D,bc
6.02+0.01C,bc
6.84+0.00A,cd
6.28+0.00B,d
5.75+0.00D,cd
6.11+£0.00C,a
6.84+0.00A,cd
6.23+0.00B,e
5.71+0.00D,d
6.03+0.00C,b
6.94+0.00A,b
6.41+0.00B,b
5.71+0.00D,d
6.05+0.00C,b
6.81+0.00A,de
6.40+0.00B,b
5.88+0.00D,a
6.11+£0.00C,a
7.01+£0.00A,a
6.40+0.00B,b
5.65+0.00D,e
6.10+0.00C,a
6.88+0.00A,c
6.22+0.00B,e
5.82+0.00D,b
6.05+0.00C,b

0.000
0.000
0.000

62.33+0.66A,d
53.33+0.33B,d
48.33+0.33C,d
43.33+0.33D,e
55.67+3.71B,e
61.00+0.57A,c
55.00+0.57B,c
52.00+0.00C,cd
65.66+0.33A,c
61.33+0.33B,c
58.66+0.33C,b
55.00+0.57D,c
66.33+0.33A,c
59.00+0.57B,c
55.33+0.33C,c
51.33+0.33D,d
66.66+0.33A,c
58.33+0.33B,c
54.00+0.57C,c
50.66+0.33D,d
75.33+0.33A,a
70.66+0.33B,a
65.33+0.66C,a
62.33+0.33D,a
72.33+0.33A,ab
68.33+0.33B,ab
64.66+0.33C,a
61.33+0.33D,ab
71.00+£0.57A,b
65.33+0.33B,b
61.33+0.33C,b
58.33+0.66D,b
48.33+0.33Af
45.33+0.33B,e
42.00+0.57C,e
40.66+0.33C,e
65.66+0.33A f
58.33+0.33B,c
54.66+0.33C,c
50.66+0.33D,d

0.000
0.000
0.000

24.67+0.06D,g
34.30+0.04A,c
31.24+0.04B,e
28.18+0.03C,g
28.89+0.03D,de
38.30+0.04A,b
33.61+0.03B,cd
30.38+0.12C,ef
30.27+0.03B,bcd
33.68+0.03A,c
30.86+0.04B,e
27.56+0.03C,g
31.49+0.01B,b
35.44+0.01A,c
31.14+0.01B,e
28.70+0.00C,a
31.38+0.01D,bc
38.31+0.00A,b
35.42+0.00B,bc
32.24+0.01C,cde
33.86+0.02C,a
39.73+0.01A,b
36.12+0.01B,b
33.24+0.02C,bcd
25.86+0.03C,fg
33.71+0.04A,c
30.16+0.03B,e
33.65+0.07A,bc
27.67+0.02C,ef
35.09+0.02A,c
31.81+£0.04B,de
28.82+0.09C,fg
29.23+0.17C,cde
34.85+0.04A,c
30.79+0.08BC,e
31.11+£3.37B,de
34.88+0.03C,a
42.20+0.02A,a
38.61+0.03B,a
34.70+0.04C,b

0.000
0.000
0.000

*meanzstandard error of mean (SEM). Capital letters show differences among storage periods in each ecotype, lower letters show differences between
ecotypes in each storage period at P < 0.05 error level according to Tukey’s test

Herein, the rise of TPC values in some garlic ecotypes
during storage is in agreement with previous reports
(Verfssimo et al., 2010; Lu et al.,, 2011). Conversely, the

descending tendency in TPC of some garlic ecotypes was

consistent with a report by Akan and Tuna Gunes (2021)
in garlic bulbs for long-term storage. The increase in TPC
could likely be related to the defense strategy of vegetables
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in antioxidant activity.

Macro-and micro mineral contents
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against oxidative stress (Silva et al.,, 2010) whereas the
decrease in TPC may also be associated with the decrease

The results of the macro and micro mineral content
analyses of the garlic ecotypes were presented with respect
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Table 4: (Continued)

Factors

Zn (mgL™)
0.577+0.00A,a
0.384+0.00B,c
0.220+0.00C,d
0.564+0.01A,a

Na (mgL™")

Mn (mgL")
0.215+0.00B,ab

Cu (mgL")
0.132+0.00A,a
0.040+0.00C,c
0.055+0.00B,ef

0.128+0.00A,abc

Fe (mgL™)
0.171+0.01C,h
0.445+0.00B,g
0.828+0.00A,b
0.457+0.00B,e
0.803+0.00A,a
0.546+0.01B,h

Mg (mgL)
21.58+0.10C,c
23.27+0.01B,b

Ca (mgL")

K (mgL")
451.04+0.16B,a

11.58+0.31B,a
11.88+0.01B,ab

6.17+0.09A,a

Aksaray x 0" month

0.116+0.01C,d
0.099+0.00C,d
0.254+0.00A,a
0.160+0.00C,cd

5.04+0.07C,cd
5.55+0.05B,bcd
6.03+0.06AB,ab
5.09+0.11B,cde

465.61+1.23A,cd
437.31+2.89C,d
448.86+2.19B,b

Aksaray x 2™ month

10.56+0.02C,c
12.76+0.14A,a

7.52+0.04D,f
11.81+0.33A,ab

19.17+0.00D,g
24.41x0.11Ad

Aksaray x 4" month

Aksaray x 6" month
Tokat x 0" month
Tokat x 2" month
Tokat x 4" month
Tokat x 6" month
Significanteffects

0.276+0.00C,d
0.596+0.00A,a
0.483+0.01B,b
0.574+0.02A,a

0.064+0.00D,e
0.135+0.00A,a
0.098+0.00C,cd

17.36+0.08D,g
2224+0.11B,c

450.43+0.79B,a

0.224+0.00A,ab

6.41+0.10Aa
5.54+0.03B,bcd

464.79+0.43A,d

9.55+0.09C,d

0.186+0.00BC,c
0.204+0.00AB,cd

0.537+0.01B,f

19.55+0.00C,f
23.31+0.00A,e

460.35+0.75A,abc
456.72+0.52AB,ab

11.33+0.12B,b

0.107+0.00B,cd

0.780+0.01A,c

5.47+0.04B,bc

0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

*meanzstandard error of mean (SEM). 1Capital letters show differences among storage periods in each ecotype, lower letters show differences between ecotypes in each storage period at P < 0.05 error level

according to Tukey’s test

0.000
0.000
0.000

0.000
0.001

0.000
0.000
0.000

0.000

SP

0.000

0.000

ExSP
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to potassium (K), calcium (Ca), magnesium (Mg), iron
(Fe), copper (Cu), manganese (Mn), sodium (Na), and
zinc (Zn). As shown in Table 4, there were significant
differences (P < 0.05) in the macro mineral contents of
garlic ecotypes during the experiment. The results on
macro mineral contents exhibited that each garlic ecotype
displayed an opposite trend in each macro element
throughout the storage. Regarding K content, the highest
value was recorded in Araban ecotype (455.70 mg L)
and the lowest was in Mersin ecotype (401.51 mg L") at
initial. Throughout the storage period, ecotypes Mersin and
Nevsehir exhibited an increasing trend, and their values
increased by 13% and 4%, respectively. While Yavuzeli
and Ankara ecotypes significantly decreased, the other six
ecotypes remained constant after 6 months of storage.
Unlike the K content, dissimilar behavior was observed in
the Ca content of garlic ecotypes (Table 4). A significant
reduction (26%) was only determined in the Yavuzeli
ecotype. Thereafter, a considerable increase was found in
the ecotypes Mersin (41%) and Araban (12%) at the end of
the storage compared to initial values. It has been reported
that Ca content is positively correlated with better storage
capability (Coolong et al., 2008). Various trends were also
observed for the Mg content in all garlic ecotypes. Mostly,
the Mg content of garlic ecotypes significantly increased,;
the only exception was the Yavuzeli ecotype, in which the
Mg content decreased and exhibited the minimum value
(19.17 mg L"); the Ankara ecotype exhibited the same
values with initials after 6 months (Table 4). As can be seen
from Table 4, there was a wide variation amongst ecotypes
in terms of microelement content. It was also determined
that the microelement content showed different trends
in each ecotype throughout the storage. The Fe content
increased dramatically in ecotypes Aksaray (167%), Mersin
(101%), and Araban (61%); decreasing trends in Fe content
were observed in ecotypes Yavuzeli and Taskopri at 45%
and 12%, respectively, at the end of the 6™ month of
storage. In this study, storage periods lead to a decrease
or increase in the Cu content of garlic ecotypes except
for the Aksaray and Kahramanmaras during the storage.
The increase at an exponential rate was observed in Kilis
ecotype (~3-fold) whereas the highest and the lowest
reduction were observed in ecotypes Ankara (52%) and
Yavuzeli (23%). The Mn content in this study increased in
six ecotypes, but a sharp decrease (53%) was observed in
the Ankara ecotype on the 6" month of storage. However,
the Mn content of the Kahramanmaras, Yavuzeli, and
TaskSpri ecotypes was stable after 6 months of storage. It
was observed that Na content increased in ecotypes Mersin,
Araban, Aksaray, and Tokat and decreased in ecotypes
Yavuzeli, Tagkopri, Nevsehir, and Ankara whereas
unchanged in others at the end of the storage. The content
of Zn decreased after 6 months of storage in ecotypes
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Fig 3. Dendrogram and constellation plot of softneck type garlic ecotypes based on chemometric characteristics

Yavuzeli and Ankara from 0.356 mg " to 0.146 mg I." and
from 0.515 mg L' to 0.259 mg L, respectively. However,
stored ecotypes Kahramanmaras and Aksaray were stable
in Zn value after 6 months compared to the initial values.
On the other hand, the highest increase was observed in
the ecotypes Mersin and Tokat demonstrating 3.5-and 1.1-
fold increments amongst others. As far as we know, there
is scarce or no report on the effect of storage period on
mineral composition of garlic bulbs. Consistent with our
study, Jolayemi et al. (2018) and Petropoulos et al. (2016)
have revealed that mineral response varied depending on
genotype and storage duration in onion during storage.

Chemometric classification of hardneck and softneck
garlic ecotypes

Hierarchical clustering analysis (HCA) was used to illustrate
the relationship structure of five hardneck garlic ecotypes
(Kilis, Mersin, Kahramanmaras, Araban and Yavuzeli)
and five softneck garlic ecotypes (Tagkopri, Nevsehir,
Ankara, Aksaray and Tokat). Based on the ward aggregation
distances, similarity (relationship) was determined from 14
different quality attributes including SSC and ash content,
TA, pH, AOC, TPC and macro and micro minerals
(K, Ca, Mg, Fe, Cu, Mn, Na and Zn). In addition, the
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constellation plot shows group/cluster relationships as well
as dendrograms. The dendrograms (Fig. 2 and 3) revealed
a clear separation between hardneck and softneck garlic
ecotypes. These present two major clusters and, in each
cluster, shows the existence of diversity and similarity in
the ecotypes based on the quality attributes.

As seen in Fig, 2, ‘cluster I’ comprised of Kilis ecotypes.
The other cluster (cluster II) contained four ecotypes
including Araban, Yavuzeli, Kahramanmaras, and Mersin.
According to the results, it can be noted that the ecotypes
Araban and Yavuzeli have the same origin based on the
closest relationship between them. Likewise, as depicted
in Fig. 3 by setting a suitable number of clusters, two main
clusters were identified. The ecotypes Taskopri, Ankara
and Aksaray were grouped in cluster L. In addition, cluster
II consisted of ecotypes Tokat and Nevsehir.

CONCLUSIONS

Irrespective of the ecotype, the magnitude of change
in quality attributes was affected by the storage period.
While weight loss, sprouting ratio, and titratable acidity
increased, pH and antioxidant capacity decreased.
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Although SSC, ash content, total phenolic content, and
macro-mineral content were influenced by the storage
period, these traits did not change regularly throughout
the storage. Furthermore, rooting, and waxy breakdown
were not observed in each storage period. The results
obtained in this paper also indicate that there is a
significant difference (P < 0.05) among the ecotypes for
all the traits. According to the results of experiments, the
storage period is one of the most important factors for
garlic storage in terms of showing a different tendency
for all ecotypes in each storage period. The ecotypes
Task&prii, Tokat, Nevsehir, and Ankara exhibited the best
performance based on the analyzed quality attributes of
garlic throughout the storage. It can be concluded that
softneck garlic ecotypes seem to contribute to higher
biochemical and physical quality traits than hardneck
garlic ecotypes. Therefore, these promising ecotypes
could be used for multiple purposes. Hence, these
softneck ecotypes can be improved further in developing
durable planting material with minimum storage losses.
In conclusion, this study provides initial information
describing the considerable varietal differences in
the quality attributes of hardneck and softneck garlic
ecotypes in long-term storage. Also provides evidence
for the first time on the existence of superior ecotypes
that can satisfy garlic export criteria.

Authors Contributions

Selen Akan: Conceptualization, methodology, validation,
formal analysis, investigation, data curation, writing - original
draft, writing - review and editing, visualization, supervision.

Faika Yarali Karakan: Conceptualization, methodology,
validation, formal analysis, investigation, writing-review
and editing.

Ozge Horzum: Conceptualization, methodology, validation,
formal analysis, investigation, writing-review and editing;

REFERENCES

Akan, S. 2019. Evaluation and comparison of some parameters
in four garlic varieties. Journal of the Institute of Science and
Technology. 9: 1866-1875.

Akan, S., N. T. Gunes and R. Yanmaz. 2019. Methyl jasmonate and
low temperature can help for keeping some physicochemical
quality parameters in garlic (Allium sativum L.) cloves. Food
Chem. 270: 546-553.

Akan, S. and N. T. Gunes. 2021. Potential effects of storage period,
warehouse locations, and methyl jasmonate in long-term stored
garlic bulbs. Turk J. Agri.c For. 45: 79-90.

AOAC. 200. Official Methods of Analysis. Association of Official
Agricultural Chemists, Washington, DC.

Bahnasawy, A. H. and S. A. Dabee. 2006. Technological Studies
on Garlic Storage. Available from: https://www.researchgate.

356

net/publication/265683989_Technological_Studies_on_Garlic_
Storage [Last accessed on 2022 Jan 15].

Beato, V. M., F. Orgaz, F. Mansilla and A. Montafio. 2011. Changes
in phenolic compounds in garlic (Allium sativum L.) owing to
the cultivar and location of growth. Plant Foods Hum Nutr. 66:
218-223.

Berno, N. D., J. V. Tezotto-Uliana, C. T. dos Santos Dias and
R. A. Kluge. 2014. Storage temperature and type of cut affect the
biochemical and physiological characteristics of fresh-cut purple
onions. Postharvest Biol. Technol. 93: 91-96.

Block, E. 2010. Garlic and other Alliums: The Lore and the Science.
Royal Society of Chemistry, Cambridge.

Brand-Williams, W., M. E. Cuvelier and C. Berset. 1995. Use of a free
radical method to evaluate antioxidant activity. LWT Food Sci.
Technol. 28: 25-30.

Cantwell, M. I. 2004. Garlic. Recommendations for Maintaining
Postharvest Quality. Available from: http:/postharvest.ucdavis.
edu/Produce/ProduceFacts [Last accessed on 2022 Jan 15].

Coolong, T. W., W. M. Randle and L. Wicker. 2008. Structural and
chemical differences in the cell wall regions in relation to scale
firmness of three onion (Allium cepa L.) selections at harvest
and during storage. J. Sci. Food Agric. 88: 1277-1286._

Denre, M., S. Pal, D. Mazumdar, A. Chakravarty and A. Bhattacharya.
2013. Variation in antioxidants and antioxidant activity in garlic
cultivars. Int. J. Veg. Sci. 19: 374-383.

Desta, B., K. Woldetsadik and M. A. Wassu. 2021. Effect of harvesting
time, curing and storage methods on storability of garlic bulbs.
Open Biotechnol. J. 15: 36-45.

Dronachari, M., K. Venkatachalapathy and K. Rajashekarappa. 2010.
Effect of pretreatments and packaging on shelf-life of peeled
garlic cloves. Asian J. Dairy Food Res. 29: 130-135.

Hannan, R. M. and E. J. Sorensen. 2002. Crop profile for garlic
in Washington. State University Cooperative Extension,
Washington, DC.

Harris, L. J. 2016. Garlic: Safe Methods to Store, Preserve, and
Enjoy. University of California, Division of Agriculture and Natural
Resources.

Hirata, S., M. Abdelrahman, N. Yamauchi and M. Shigyo. 2015.
Characteristics of chemical components in genetic resources of
garlic Allium sativum collected from all over the world. Genet.
Resour. Crop Evol. 63: 35-45.

Jolayemi, O. S., S. S. Nassarawa, O. M. Lawal, M. A. Sodipo and
I. B. Oluwalana. 2018. Monitoring the changes in chemical
properties of red and white onions (Allium cepa) during storage.
J. Stored Prod. Postharvest Res. 9: 78-86.

Kang, J. and S. Lee. 1999. Modified atmosphere packaging of peeled
garlic cloves. Food Sci. Biotechnol. 8: 68-71.

Kopsell, D. E. and W. R. Randle. 1997. Onion cultivars differ in

pungency and bulb quality changes during storage. HortScience.
32: 1260-1263.

Kowser, A. R., H. Amarananjundeswara, J. S. A. Kumar,
B. Doddabasappa, R. V. Gowda, S. Shetty, G. C. Sandhya and
P. S. Prasad. 2018. Evaluation of different garlic (Allium sativum
L.) genotypes for storage behaviour. Int. J Pure Appl. Biosci. 6:
579-583.

Li, F. M., T. Li, W. Li and L. De Yang. 2015. Changes in antioxidant
capacity, levels of soluble sugar, total polyphenol, organosulfur
compound and constituents in garlic clove during storage. Ind.
Crop. Prod. 69: 137-142.

Lu, X., C. F. Ross, J. R. Powers, D. E. Aston and B. A. Rasco. 2011.
Determination of total phenolic content and antioxidant activity of

Emir. J. Food Agric e Vol 35 e Issue 4 e 2022



Akan, et al.

garlic (Allium sativum) and elephant garlic (Allium ampeloprasum)
by attenuated total reflectance-fourier transformed infrared
spectroscopy. J. Agric. Food Chem. 59: 5215-5221.

Ludlow, R. A. 2019. Developing Innovative Marker Systems for Garlic
Post-Harvest Quality Assessment. (Doctoral Dissertation),
Cardiff University, UK.

Ludlow, R. A., m. Pacenza, A. Chiappetta, S. R. Christofides, G.
Evans, M. Graz, G. Marti, H. J. Rogers and C. T. Mdiller. 2021.
Storage time and temperature affects volatile organic compound
profile, allinase activity and postharvest quality of garlic.
Postharvest Biol. Technol. 177: 111533.

Madhu, B., V. D. Mudgal and P. S. Champawat. 2019. Storage of
garlic bulbs (Allium sativum L.): A review. J. Food Process. Eng.
42: e13177.

Mann, L. K. and D. A. Lewis. 1956. Rest and dormancy in garlic.
Hilgardia. 26: 161-189.

Nurmalia, Y. A. Purwanto, S. Sobir and N. Naibaho. 2019. Effect
of low temperature and period of storage on the quality of
garlic seeds (Allium sativum L). IOP Conf. Ser. Mater. Sci.
Eng. 557: 012088.

Petropoulos, S.A., G. Ntatsi, A. Fernandes, L. Barros, J. C. M. Barreira,
C. F. R. Ferreira and V. Antoniadis. 2016. Long-term storage
effect on chemical composition, nutritional value and quality of
Greek onion landrace “Vatikiotiko”. Food Chem. 201: 168-176.

Petropoulos, S. A., A. Fernandes, G. Ntatsi, K. Petrotos, L. Barros
and C. F. R. Ferreira. 2018. Nutritional value, chemical
characterization and bulb morphology of Greek garlic landrace.
Molecules. 23: 1-14.

Raslan, M., S. AbouZid, M. Abdallah and M. Hifnawy. 2015. Studies
on garlic production in Egypt using conventional and organic
agricultural conditions. Afr. J. Agric. Res. 10: 1631-1635.

Ryall, A. L. and W. J. Lipton. 1979. Handling, Transportation and
Storage of Fruits and Vegetables. Vol. 1. Vegetables and
Melons. AVI, Westport, CT.

Schwartz, H. F. 1995. Waxy breakdown. In: Compendium of Onion
and Garlic Diseases. The American Phytopathological Society
Press, St. Paul, MN, USA, p. 54.

Sharma, P., S. R. Sharma, R. K. Dhall, T. C. Mittal and S. Bhatia.
2020. Physio-chemical behavior of y-irradiated garlic bulbs

Emir. J. Food Agric e Vol 35 e Issue 4 e 2022

under ambient storage conditions. J. Stored Prod. Res. 87:
101629.

Sharma, P., S. R. Sharma, R. K. Dhall, T. C. Mittal and S. Kumar.
2021. Variation in quality and acceptability of minimally
processed garlic in response to y-irradiation and packaging
during refrigerated storage. Radiat. Phys. Chem. 180: 109193.

Silva, M. L. C., R. S. Costa, A. S. Santana and M. G. B. Koblitz. 2010.
Compostos fendlicos, carotenodides e atividade antioxidante em
produtos vegetais. Semina: Cienc. Agrar. 31: 669-682.

Singh, R. K., B. K. Dubey, S. Bhonde and R. P. Ri Gupta. 2011.
Correlation and path coefficient studies in garlic (A. sativum L). J
Spices Aromat. Crops. 20: 81-85.

Soccol, C. R,, L. P. S. Vandenberghe, C. Rodrigues and A. Pandey.
2006. New perspectives for citric acid production and application.
Food Technol. Biotechnol. 44: 141-149.

TOBB. 2022. The Union of Chambers and Commodity Exchanges
of Turkey Anonymous. 2022. Garlic Loss Rate. Available from:
https://tobb.org.tr/Sayfalar/Eng/AnaSayfa.php [Last accessed
on 2022 Jan 15].

TurkStat. 2021. Turkish Statistical Institute. Available from: http://www.
turkstat.gov.tr/PreTabloArama.do?metod=search&araType=vt
[Last accessed on 2022 Jan 20].

Vazquez-Barrios, M. E., G. Lopez-Echevarria, E. Mercado-Silva,
E. Castano-Tostado and F. Leon-Gonzalez. 2006. Study and
prediction of quality changes in garlic cv. Perla (Allium sativum L.)
stored at different temperatures. Sci. Hortic. 108: 127-132.

Verissimo, T., L. M. Cunha and L. Gil. 2010. Impact of different
disinfection treatments on the quality retention of minimally
processed garlic. Acta Hortic. 877: 627-633.

Volk, G. M., A. D. Henk and C. M. Richards. 2004. Genetic diversity
among US garlic clones as detected using AFLP methods. J.
Am. Soc. Hortic. Sci. 129: 559-569.

Wheeler, T. R., A. J. Daymond, R. H. Ellis, J. I. L. Morison and
P. Hadley. 1998. Postharvest sprouting of onion bulbs grown in
different temperature and carbon dioxide environments in the
UK. J. Hortic. Sci. Biotechnol. 73: 750-754.

Zor, T. T. 2006. Determination of Allicin and Alliin Content of Garlic
Kastamonu (Allium sativum L.) by Using HPLC. (Doctoral
Dissertation), University of Ankara, Ankara.

357



