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Abstract: Garlic is commonly used as vegetable or spice and as a herb in folklore as well as traditional
medicine in many countries. The current study aimed to compare the chemical composition, antiox-
idant activity, and the content of selected polyphenolic compounds in cloves as well as leaves of
winter garlic plants of the Harnas and Ornak cultivars, which are of Polish origin. Garlic was grown
from cloves for three years (2018-2020) in the experimental field of the University of Agriculture in
Krakow, Poland. The research material was harvested on three dates: May; June, unripe garlic plants;
and in July, the plant at full maturity. The content of vitamin C in the fresh material was determined.
The proximate analysis was determined in the freeze-dried plants of garlic, and the total carbohydrate
content was calculated. The antioxidant activity and the content of selected polyphenolic compounds
were also determined. Garlic cloves showed a higher content of dry matter, and total carbohydrates
than the leaves of garlic plants. On the other hand, in the leaves, a significantly higher content of
protein, total fat and ash were observed. Additionally, garlic leaves were characterised by a higher
content of vitamin C, total polyphenols, and a higher antioxidant activity than garlic cloves. The
leaves of young garlic plants from the May harvest were distinguished by a higher content of these
compounds. The dominant phenolic compounds were catechin and epicatechin. The leaves of young
plants can be a valuable source of bioactive substances, especially in early spring.

Keywords: Allium sativum L.; time of harvest; proximate composition; cultivar; flavonoids; phenolic
acids

1. Introduction

Common garlic (Allium sativum L.) is one of the oldest useful plants that have been
known to man for thousands of years. Currently, it is cultivated in most countries located
in a temperate zone [1]. The most frequently consumed part is the bulb. However, in
Asian countries, the Balkans and the Podkarpacie region of Poland, the leaves are also
used for this purpose [2,3]. In Asian and North American countries, the stems and young
inflorescence shoots are also eaten [4].

The garlic bulb’s composition is about 60% water, 32% carbohydrates and 6.45% pro-
tein per fresh sample. The caloric content of garlic is quite high, amounting to 146 kcal /100 g
fresh mass (FM) of the product. Numerous minerals can be identified in the bulbs:
potassium (400 g), phosphorus (153 g), magnesium (25 mg), sodium (17 g), and calcium
(41 mg/100 g FM). In addition, selenium and germanium are also present in garlic, and
their amount depends on the content of minerals present in the soil [5,6]. Garlic cloves are
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a rich source of vitamin C (approx. 31 mg/100 g FW) and provides small amounts of B
vitamins, especially vitamin By [7-10].

Garlic leaves have a 13-18% dry weight contain 4.6-6.6% sugars, and are rich in
vitamin C (16-20 mg/100 g FW), fibre (1.3-2.2%) and chlorophyll (1-1.6 mg/kg FW) [8,11].
Their composition is comparable to other vegetables, such as savoy cabbage, rutabaga,
brussels sprouts, kale or white cabbage [3]. Some studies indicate that the content of allicin
in leaves is at a similar level to or higher than that of bulbs [2,12].

Garlic is valued for its bactericidal, antiparasitic, antiviral and antifungal properties.
Compounds present in garlic have a beneficial effect on the human organism, mainly
by the reduction in oxidative stress, which strengthens the immune system response to
various diseases [13-15]. Numerous studies show the anti-cancer effect of garlic and its
positive effect on the regulation of blood pressure, as well as maintaining the proper
level of cholesterol and lipids in the blood [16-18]. Additionally, garlic strengthens and
regulates the cellular responses of the immune system [14,19]. Due to its composition,
especially with the content of allicin and other sulphur compounds, it can be referred to
as a natural antibiotic [13,20]. Garlic compounds, according to some studies, affect the
metabolism of adipose tissue, causing weight loss, and may also reduce the expression of
the mRNA gene involved in adipogenesis [21,22]. The bioactive compounds of garlic and
its products can lower blood glucose levels and affect insulin secretion [23,24]. Moreover,
epidemiological and experimental studies show a relationship between garlic consumption
and a reduced risk of oesophageal, brain, skin, stomach, liver, prostate, breast, colon,
bladder and lung cancer [25-28].

Garlic is propagated only vegetatively. For this purpose, only cloves or air bulbs
planted in the autumn or spring are used. Unfortunately, the seed material is often infected
with viruses, which results in low yields [29]. In autumn, due to their poor storage, cultivars
are planted that shoot into inflorescences [30].

Due to its exceptional nutritional and health benefits as well as its unique aroma, garlic
is widely used by food and other industries [2,5,31,32]. Also, people are more and more
aware of the beneficial effects of the medicinal substances contained in garlic and have thus
been using it more often, not only for medicinal purposes, but also treating it as the main
ingredient of food seasoning. In recent years, there has been an increased demand for fresh
vegetables, which are dietarily and pharmacologically valuable. In the spring period, i.e.,
from March to May, there are shortages of fresh local vegetables on the market. Therefore,
the harvesting of young leaves and young not-yet-cloned bulbs of garlic could enrich the
range of vegetables available in spring.

The aim of this research was to compare the proximate composition, as well as the
antioxidant activity and selected polyphenolic compounds content in the leaves and cloves
of the winter garlic cultivars Harna$ and Ornak harvested in May, June and July.

2. Results

It was shown that the dry matter content in the cloves was even twice as high as in
the leaves. The average dry matter content of the cloves in the 3-year harvest was 26.3%
(Table 1).The highest dry matter content was found in the cloves of both cultivars in the
July harvest compared to other samples (Table 1), which was statistically significant. The
average dry matter content in the leaves of young garlic plants was 14.30% (Table 1). In the
leaves of young garlic plants, no statistically significant differences were found in the dry
matter content in relation to the cultivar and harvest date (Table 1).
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Table 1. The proximate analysis of the morphological parts of garlic obtained from Harnas and Ornak cultivars harvested in various stages of development.

Cultivar and Time of Harvest # Dry matter ** Proteins *** Crude Fat *** Ash *** Carbo}?;(r) ctlila tes ***
HL * May 13.65 + 0.45 2 19.86 +0.13 ¢ 245+ 0.134 8.30 + 0.10 de 69.38 £0.202
HC * May 18.50 + 0.74 2 12.33 + 0.35 abe 1.23 +£0.02¢ 5.18 + (.08 bed 81.26 + 0.37
OL * May 14.23 +£1.102 1521 +0.10¢ 243 +0.284 918 + 0224 73.17 + 0.43 2b
OC * May 16.81 +£0.522 14.03 + 0.31 2bc 0.83 + 0.03 abc 5.08 & 0.06 bed 80.06 4+ 0.32 <d
HL * June 14.44 + 0532 14.38 + 0.14 be 21440254 7.17 + 0.13 bede 76.31 4+ 0.14 bc
HC * June 23.98 +1.23P 1045 + 0.152 0.65 + 0.21 abe 421 4 0.152bc 84.69 + 0.36 4
OL * June 15.34 +0.33 2 13.29 + (.12 abc 1.26 +£0.13¢ 7.31 4 0.28 cde 78.13 £0.19 bc
OC * June 25.08 +0.93 P 10.74 4 0.13 @b 0.52 + 0.05 2P 3.70 £+ 0.10 2P 85.04 +0.134
HL * July 12.77 £ 0.50 2 13.79 + 0.21 abe 1.16 £ 0.12 be 9.46 +0.15 9 75.59 =+ 0.30 be
HC * July 34.84 +0.85¢ 10.19 + 0.13 2 0.29 +0.032 313 +0.102 86.39 + 0.16 4
OL * July 15.39 + 0.30 2 10.82 £ 0.13 2P 1.06 + 0.03 b¢ 10.26 £ 0.16 4 77.85 =+ 0.15 be
OC * July 3480+ 0.80°¢ 10.68 + 0.27 @b 032+ 0042 2.38 + 0.06 86.61 + 0.29 4

L average ## 14.30 £ 0.53 A 1456 + 0.14 B 1.754+0.16 B 8.60 +0.17 B 75.07 £ 024 A
C average ### 26.30 + 0.84 B 1140 +£ 022 A 0.64 £+ 0.06 A 3.39 £+ 0.09 A 84.01 + 0.27 B

# All results are the average from 3 years of sample collection; ## average from 3 years for leaves; ### average from 3 years for cloves * HL, Harnas leaves; HC, Harnas cloves; OL, Ornak
leaves; OC, Ornak cloves; Values in columns with different letters (*~) are significantly different at p < 0.05. ** g/100 g FM (fresh matter); values with capital letter (A,B) within two last
rows are statistically different at p < 0.05 for morphological parts *** g/100 g DM (dry matter).
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The average protein content of the leaves was 14.56 g/100 g DM (dry matter), and for
the cloves, it was 11.40 g/100 g DM (Table 1). The protein content in the leaves decreased
with the age of the plant. Harna$ leaves harvested in May were characterised by the highest
amount of protein compared to leaves of both examined cultivars collected in July (Table 1).
The lowest content of protein was found in the leaves of the Ornak cultivar collected in
July. No statistical differences were found in the content of this component in the cloves
(Table 1).

Garlic leaves were a richer source of crude fat than cloves (Table 1). The average
crude fat content in the leaves was 1.75 g/100 g DM, while in the cloves, this value was
almost three times lower and amounted to 0.64 g/100 g DM. Both the leaves and cloves
harvested in the youngest stage of development, in May, contained significantly more
crude fat compared to the samples collected in July.

The average ash content in the leaves in the tested material was 8.60 g/100 g DM
(Table 1). The average ash content in the cloves of young garlic plants harvested for 3 years
was 3.39 g/100 g DM (Table 1). The highest ash content was determined in the cloves of
both cultivars collected in May compared to the samples collected in July. In the leaves
of young garlic plants, neither the cultivar nor the harvest date had any influence on the
ash content.

In the leaves of young garlic plants, the average total carbohydrate content was
75.07 g/100 g DM (Table 1). The cloves of garlic plants collected in all terms contained
significantly more carbohydrates than the leaves (Table 2).
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Table 2. Vitamin C (mg/100 g DM), total polyphenols (mg chlorogenic acid per 100 g DM) content and antioxidant activity (umol Trolox/1 g DM) of morphological
parts of garlic from Harna$ and Ornak cultivar harvested in various stages of development over 3 years.

Cultivar and Time of Harvest # Vitamin C Total Polyphenols ABTS DPPH FRAP

HL * May 736.14 + 2551 ¢ 1344.73 + 41.61 bc 170.78 & 5.74 <d 31.26 + 0.93 be 101.40 & 3.05 ¢
HC * May 239.38 + 11.11 2 373.08 + 8.522 35.74 + 1.732 6.46 +0.232 23.30 £ 0.244
OL * May 732.55 4+ 59.72 ¢ 1581.87 + 103.09 204.44 + 14.09 4 383 +1.99°¢ 115.09 + 7.53 ¢
OC * May 216.09 + 12.47 @b 385.77 +7.452 39.42 4+ 1.652 6.67 £0.112 20.99 £+ 0.70 2
HL * June 42671 + 1.14 P 1513.50 + 37.93 ¢ 123.05 £2.20b 2244 + 043P 7215+ 1.80 P
HC * June 95.29 +3.822 419.24 + 13,582 4375+ 1.602 453 +0.152 16.98 +£0.742
OL * June 402.61 + 8.04 P 1095.63 + 13.53 P 129.07 + 2.96 b¢ 23.95 + 0.39 P 70.54 + 0.68 P
OC * June 95.29 +£2302 303.54 + 16.84 2 22.58 4+ 0.96 2 336+ 0.062 929 +0.212
HL * July 43418 +£23.72b 1345.12 =+ 50.43 b¢ 150.95 + 5.77 be 26.89 +1.08 7537 +£2.31P
HC * July 31.40 £ 3.652 251.28 +1.872 27.97 +0.402 402 +0.042 1041 £ 0.152
OL * July 201.38 +9.10 @ 1401.95 + 22.04 be 141.84 4+ 2.13 be 28.77 £ 0.19 be 78.13 £ 0.81P
OC * July 23.60 = 4.222 197.89 & 4.452 19.86 + 0.36 2 3.07 £0.022 759 +0.102

L average ## 488.93 +2.20 B 156.07 + 44.70 B 153.35 + 4.74 B 28.60 & 0.83 B 85.45 +2.70 B

C average ### 116.84 + 6.26 A 321.8+8.78 A 3155+ 11 A 468 +0.10 A 14.76 £ 0.35 A

# All results are the average from 3 years of sample collection, ## average from 3 years for leaves; ### average from 3 years for cloves * HL, Harnas leaves; HC, Harnas cloves; OL, Ornak
leaves; OC, Ornak cloves; Values in columns with different letters (a‘d) are significantly different at p < 0.05; values with capital letter (A,B) within two last rows are statistically different
at p < 0.05 for morphological parts.
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The leaves were characterised by a much higher vitamin C content during the three-
year harvest than the cloves of young garlic plants (Table 2). Depending on the harvest
date, it was 3—4 times greater. The highest vitamin C content was observed both in the
leaves and cloves harvested in the youngest stage of plant development, in May.

The average content of polyphenols in the harvested leaves, from over the 3 years,
was 1563.07 g/100 g DM, and in cloves, it was 321.8 g/100 g DM (Table 2). A significantly
higher content of polyphenols was found in the leaves of young plants of the Ornak cultivar
harvested in May compared to the June harvest (Table 2). A lower amount of polyphenols
was found in cloves of the Ornak cultivar from the July harvest compared to the amount in
cloves of the Harnas cultivar harvested in June.

Antioxidant activity was determined in the leaves and cloves of young garlic plants
using three methods: ABTS, DPPH and FRAP. Based on the results of above mentioned
methods, garlic leaves, compared to cloves, are characterised by a 5-6-times higher antioxi-
dant activity (Table 2). The highest antioxidant activity determined with ABTS and DPPH
methods was measured in the leaves of the Ornak cultivar collected in June compared
to the other leaves with the exception of Harnas leaves collected in May. Only the FRAP
method showed a significant impact of the May harvest date on the level of antioxidant
activity, showing a higher level in garlic leaves and cloves compared to that in older plants.
The content of the polyphenol profile was determined in the cloves and leaves of young
garlic plants. Young garlic leaves were characterised by a higher content of flavonoids and
phenolic acids compared to cloves. The Ornak cultivar, harvested in May, was revealed
to have the highest significant total flavonoids content in garlic leaves, while the cultivar
Harnas harvested in July has the lowest (Figure 1). In the plant material from the cloves,
the highest concentration of flavonoids was found in May in the Harna$ cultivar, and the
lowest was found in the garlic of the Ornak cultivar in July. The highest content of phenolic
acids was found in the leaves of young garlic plants of the Ornak cultivar harvested in May.
The lowest concentration of these compounds was found in the July harvest in Harnas
cultivar (Figure 1).

Phenolic acids (mg/100 g DM)

400
350 e
300
d 250 .
200 d 5
150
b
100 a
d e ¢ 50 I l
S 8 S 2ga |, fedbcoa
< v < v £ v < v < v £ v £ v £ v X< v <
© © © © © © © © © © © © © © © © © © ©
£ E € £E £/ E £ E E|E E|E E E £/ E | E &£
£ o &£ o & O & 0o £§ o0 &£ O &£ o &£ 0 & 0
July May June July May June July May June July
CLOVES LEAVES CLOVES

Figure 1. The sum of flavonoids and phenolic acids in the leaves and cloves of garlic Harnas and
Ornak cultivars harvested in various stages of development. Bars with different letters (a—f) are
significantly different at p < 0.05.

The cloves of young garlic plants were characterised by a lower content of phenolic
acids than the leaves with the exception of caffeic acids (Figure 1). The highest amount
was found in the cloves of young plants from May of the Harna$ cultivar, and the signifi-
cantly lowest concentration in the Ornak cultivar from July. For the analysis of individual
polyphenolic compounds, the 17 compounds most characteristic of plant material were
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selected [21]. Ten flavonoids (Table 3) and seven phenolic acids (Table 4) were found in
young garlic plants. The young garlic leaves of the Ornak cultivar harvested in May were
characterised by the highest content of the analysed polyphenolic compounds. Among the
analysed compounds, a significantly higher content of catechins was found (Table 3). In the
material obtained from the garlic cloves, a significantly lower concentration of polyphenolic
compounds was found compared to the material obtained from the leaves (Tables 3 and 4).
The highest significant content of the tested compounds was demonstrated in the May
harvest of the cultivar Ornak, while the most dominant compound in the cloves of garlic
was epicatechin (Tables 3 and 4).

Using a screening test, two main factors with the highest factor loadings in relation to
the component data (principal component (PC) 1 and 2) were determined. The analysis
of the eigenvalues of the correlation matrix showed that the first and second principal
components explained, respectively 83.88% and 91.5% of the total variance of the primary
variables (Table 5).

Table 6 presents the factor coordinates of the analysed variables broken down into
two main components. It was shown that PC 1 was highly correlated with all the variables
defining the basic chemical composition (dry matter, proteins, crude fat, ash and total car-
bohydrates), the antioxidant activity (vitamin C, total polyphenols and DPPH), flavonoids
and phenolic acids. It was also found that PC 2 was correlated with the month and proteins,
with a value of 0.6.

The relationships between the primary variables and PC 1 and PC 2 are presented
graphically in Figure 2. A very strong positive correlation was found between dry matter
and total carbohydrates (marked with a green ellipse), as well as a very strong positive
correlation between crude fat, vitamin C, flavonoids, phenolic acids, DPPH, total polyphe-
nols and ash (marked with a red ellipse). Both of these groups were very highly negatively
correlated with each other, as evidenced by their arrangement on opposite sides of each
other. Figure 2 also shows that the month and protein variables are located on opposite
sides of the principal components area, which means that they are negatively correlated.
The results are confirmed by the protein content because July differed from May and June
due to the content of proteins (Table 6).
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Table 3. The flavonoids content of morphological parts of garlic from Harnas and Ornak cultivars harvested in various stages of development over 3 years

(mg/100 g DM).
Cultivar and Time . . . .. .. L. . . . . .
of Harvest # Catechin Epicatechnin Naringin Hesperidin Myricetin Quercetin Luteolin Kaempferol Apigenin Rutin
HL* May 4912 £9.81° 9426 £3.72¢ 7.36 +0.152 9.94 + 0.09 2 10.12 £ 0.06 >4 2,60 + 0.00 °de 2.04+0.012 1.97 4+ 0.73 abed 242 40.032 17.42 +3.77 2
HC * May 2.71£0.192 10.35 + 0.60 @ 4.61+0.172 0.33 £0.22° 10.94 + 0.05 4 ND 0.90 £0.02%  1.56 + 0.62 2<d 1.98 £ 0.00 ®
OL * May 578.06 - 4.51¢  88.94 4 292de 7.93 4 0.20 7.01 +0.132 10.53 £0.1224  0.60 + 0.00 2b¢ 0.93 4 0.00 ¢ 0.79 £ 0.71 % 243 +0.012 6.49 +0.022
OC * May 278 £0.39° 5.78 +0.012 7.04 +0.01° 0.22 +0.002 13.95 4+ 0.08 4 ND 1.00 =+ 0.02 2b¢ 2.39 4+ 0.01 2.32+0.012 ND
HL * June 20422 £093% 8297 +058° 1494 +0.10° 10.03 + 0.02 20 9.30 + 0.04 4 4.54 +0.02 9 1.87 +0.01 be 2.35 + 0.00 «d 2.02+0.002 13.90 +0.95 2
HC * June 23740192 8.06 +0.042 2554 0.092 0.83 4 0.00 2 8.68 =+ 0.00 bed 0.41 +0.00® 0.42 +0.012 1.34 4 0.012b<d 131 4 0.01 2b¢ ND
OL * June 285.62 +2.13° 5428 4+ 0.53 P 9.33 +0.04° 5.88 +0.06 2 814 +0.16 ¢ 3.98 +0.02 e 0.94 +0.012  1.40 + 0.00 2><d 1.95 4 0.00 20 10.63 + 1.07
OC * June 1.58 4 0.01 2 5.59 +0.04 2 3.06 4 0.012 ND 8.31 +0.03b¢ ND ND 0.88 + 0.00 2b¢ 1.24 4+ 0.00 2b¢ ND
HL * July 72.50 +1.20 2 49.08 4+ 091" 2217 +0.13°¢ 47.28 +0.06 9.68 4 0.31 b4 6.28 4 0.06 © 4.67 +0.074 2.66 + 0.014 3.88 +£0.03 4 68.78 + 0.53 €
HC * July 4.0140.022 10.02 + 0.01° 3.76 4+ 0.02 2 0.77 4+ 0.01 2 4.79 +0.02 % 0.33 +0.00 ® 0.66 + 0.01 2 1.19 = 0.00 abed 1.11 4 0.00 b 0.334+0.022
OL *July 27420 +1.12%  59.38 + 0.34 bed 82240.142 21.19 £2.70® 9.15 4 0.05 Ped 2.21 4 0.03 bed 2154 0.03° 1.95 £ 0.15 bed 1.79 + 0.03 ab¢ 411240154
OC * July 2.02 +0.012 3.72 4 0.012 2.23 4+ 0.012 ND 3.08 4+ 0.00 2 ND 0.21 4 0.00 0.28 4+ 0.00 d 0.75+0.30 ND
L average ## 317 +22B 73+20A 11.6 +2.4B 16.1+15B 954+ 33 A 34+13B 21+15B 1.85+12B 241+ 1.1B 241+ 11.8B
C average ### 26+03A 71.5+39B 39+ 08A 0.35 4+ 0.08 A 83+56A 0.13+0.09 A 0.53+02 A 127+ 11A 145408 A 3.024+ 12 A

# All results are the average from 3 years of sample collection; ## average from 3 years for leaves; ### average from 3 years for cloves * HL, Harnas leaves; HC, Harnas$ cloves; OL, Ornak
leaves; OC, Ornak cloves; values in columns with different letters (*~¢) are significantly different. p < 0.05; ND, not detected; values with capital letter (A,B) within two last rows are
statistically different at p < 0.05 for morphological parts.
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Table 4. The phenolic acids content in morphological parts of garlic from Harnas and Ornak cultivars harvested in various stages of development over 3 years

(mg/100 g DM).

Cultivar and Time of Harvest#  Chlorogenic Acid  4-Hydroxybenzoic Acid Coffee Acid Vanillic Acid p-coumaric Acid Ferulic Acid Sinapic Acid
HL * May 52.55 4 0.07 «d 442140254 2.52 4 0.09 «d 3.38+0.19° 5.45+238P 13.85 4+ 0.08 4 15.14 +0.34 P
HC * May 1.35+0.00 2 1.34 +0.032 0.87 4 0.00 2bc 0.13 4+ 0.00 0.59 4 0.00 @ 1.00 £ 0.00 2 0.54 4 0.00 @
OL * May 106.87 +0.32 4 91.48 + 0.09 © 3.67 4+ 0.024 6.48 + 0.07 10.60 + 0.14 12.56 4 0.27 23.39 +0.15°¢
OC * May 1.32+£0.012 1.36 +0.012 1.07 £ 0.01 2b¢ 0.11 +0.00 2 1.20 £ 0.00 2® 1.16 £0.012 0.12 4 0.00
HL * June 29.05 + 0.25 abe 21.66 + 4.99 abe 1.80 =+ 0.00 2bc 226 4+0.04° 3.63 4+ 0.05 6.66 & 0.07 16.98 + 0.09 b¢
HC * June 0.69 + 0.00 @ 0.76 + 0.00 @ 0.46 + 0.00 % 0.31 4+ 0.002 1.08 + 0.00 2P 0.62 4 0.00 @ 0.41 4+ 0.002
OL * June 63.29 + 0.011d 40.79 +0.15 1.48 4 0.01 2b¢ 3.25+0.07° 4.83 +0.00 4.37 +0.06 b° 15.58 +0.14 P
OC * June 1.00 £ 0.012 0.45 + 0.00 2 0.33 4 0.00 % ND 0.32 4 0.00 0.19 4 0.00 2 0.25 4 0.00 @
HL * July 13.33 +0.14 2P 12.55 +0.10 2P 2.23 +0.04 d 3.06 +0.26 3.36 4 0.04 2 3.10 £0.14 2 13.96 +0.08 ®
HC *July 0.47 4+ 0.00 0.46 4 0.01 0.45 4 0.00 % 0.14 4+ 0.00 @ 2.28 4 0.00 % 0.42 4 0.00 @ 0.48 4+ 0.00 @
OL * July 32.49 +0.17 b¢ 33.08 + 1.60 bed 2.02 £0.002 3.40 +0.04 2 2.95 + 0.00 P 4.18 +£0.00 bc 20.23 4+ 0.08 ¢
OC *July 0.21 4+ 0.00 2 0.35 4 0.00 @ 0.16 + 0.00 @ 0.32 4 0.00 @ 0.37 4 0.00 @ 0.25 4+ 0.00 @ 0.10 + 0.00 @

L average ## 496 +42B 40.6 +37.7B 0.55+ 0.4 A 3.64+2.26B 4.85+221B 745+ 46B 17.55+ 83 B
C average ## 0.85+ 0.52 A 0.78 £ 0.51 A 228+ 1.77B 0.17 £ 0.01 A 122+08A 0.60 + 0.33 A 0.132 4+ 0.01 A

# All results are the average from 3 years of sample collection, ## average from 3 years for leaves; ### average from 3 years for cloves * HL, Harnas leaves; HC, Harnas cloves; OL, Ornak
leaves; OC, Ornak cloves; Values in columns with different letters (*~¢) are significantly different. p < 0.05; ND, not detected; values with capital letter (A,B) within two last rows are
statistically different at p < 0.05 for morphological parts for the three-year sample collections.



Molecules 2023, 28, 6653

10 of 19

Table 5. Eigenvalues of the correlation matrix.

Principal Component (PC) PC1 PC2
Eigenvalue 8.39 0.76
% variance 83.88 7.60
% cumulative variance 83.88 91.48
Table 6. The principal components and the factor coordinates of the variables.
Variables PC1 PC2
Dry Matter 0.84 0.02
Proteins —0.81 0.6
Crude Fat -0.93 0.25
Ash —0.89 —0.36
Total Carbohydrates 0.98 —0.15
Vitamin C —0.96 0.24
Total Polyphenols —0.94 —0.26
DPPH —0.96 —0.23
Flavonoids —-0.96 -0.09
Phenolic acids —0.88 —0.19
* Month 0.38 —0.64

* Supplementary variables.

1.0
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2

o

o

™~ 00

(9]

O

o
0.5
1.0

Projection of variables on the factor area (1 x 2)
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Dry Matter
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Flavonoids
Phenolic
D Total Carbohydrates
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PC 1:83.88%

Figure 2. Projection of basic chemical composition (dry matter, proteins, crude fat, ash and total

carbohydrates), the antioxidant activity (vitamin C, total polyphenols and DPPH), flavonoids and

phenolic acids on the principal components area (1 x 2).
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3. Discussion

Our research showed significant statistical differences between the cloves and leaves of
young garlic plants in the content of dry matter, crude fat, vitamin C and antioxidant activity,
which were determined using the FRAP method, as well as in the content of polyphenols.
The authors, to the best of their knowledge, have only found limited information about
the composition of garlic plants (leaves and cloves) harvested in various growing stages.
The authors of published articles mainly focused on comparing the mature morphological
parts of garlic, especially cloves [2,8,11,33].

The highest dry matter content was found in the cloves of young garlic plants com-
pared to the leaves. The highest content was determined in the July harvest, but the cultivar
did not affect the amount of dry matter at any clove harvesting dates. In the leaves of young
plants, no effect of the harvest date or cultivar on the dry matter content was demonstrated.
It was reported that various factors, including the selection of material for growing, the
quality and moisture of the soil, climate condition and the stage of development during the
harvest, can affect the proximate composition and bioactive compounds content in cloves
of garlic [10]. Our results from the last harvesting time are similar to data published by
Ciuba et al. [8]. These authors reported that the cloves of garlic from a different country
(China, Spain and Poland) had a dry matter content in the range of 28.13-38.49 g/100 g
fresh weight. They also reported that the content of dry matter in the mature cloves of
cultivars Harna$ and Ornak were 38.49 g/100 g FM; and 37.70 g/100 g FM. Also Marciniec
and Wlodarczyk-Marciniec [34] reported that the dry matter content in garlic cloves was
37.00 g/100 g. Boonpeng et al. [35] showed a dry matter content in garlic from the northern
part of Thailand in the amount of 35.63 g/100 g, whereas Suleria et al. [36] showed a
dry matter content of 46.40 g/100 g. A higher content of DM (44%) was found in the
cloves of the mature garlic of Polish origin was reported in studies by Jedrszczyk et al. [11].
The content of dry matter in leaves, in our study, was similar to the level reported by
Piatkowska et al. [12]. These authors determined the dry matter of the leaves of mature
garlic plants to be 11.89-12.25 g/100 g fresh weight. Jedrszczyk et al. [11] reported that the
DM in mature leaves was 13.1 g/100 g FM. Similar results were published by Dyduch and
Najda [3]. These authors reported the dry matter content in garlic leaves in the range of
10.7 and 15.8%.

The average protein content in cloves and leaves, in our research, was 11.41 g/100 g DM,
and 14.56 g/100 g DM, respectively. The highest protein content was found in garlic leaves
harvested in May, but the cultivar had no effect on the protein content. The harvest date
and the cultivar did not affect the protein content in the cloves of garlic plants harvested at
various time of growing. A higher content of protein in the leaves of garlic was reported
by Piatkowska et al. [12]. These authors showed that the leaves of mature garlic plants
of Polish-origin cultivars contained proteins in the range of 19.17-23.55 g/100 g DM. The
available scientific literature shows the protein content in ripe garlic cloves in various
ranges (DM) [11,34]. Marciniec and Wlodarczyk-Marciniec [34] reported a higher content
of protein in cloves (6.40 g/100 g FM, which is 17.00 g/100 g DM). Yasful et al. [37] reported
the content of crude protein in the amount of 15.33 g/100 DM in cloves of garlic from
Nigeria. Also Haciseferogullari et al. [32] showed a higher protein content in the cloves of
garlic cultivated in Northern Turkey, reporting 9.26 g/100 g FM, i.e., 27.5 g/100 g DM. The
difference in the content of crude protein in mature garlic cloves, between our results and
the above-mentioned authors, can be explained by the various climate condition and soil
quality during the growing of plants.

Young garlic leaves harvested in May and July had a higher crude fat content. The
cultivar did not affect the content of the analysed component in the leaves and cloves of
young plants. Research by Piatkowska et al. [12] showed a fat content between 1.34 g and
4.7 /100 g DM in mature leaves. The crude fat content in mature garlic cloves of the
Harnas cultivar in the studies of Ciuba et al. [8] was 0.16 g/100 g FM (0.42 g/100 DM).
Suleria et al. [36], based on USDA data, showed that the content of crude fat in garlic cloves
was 5.10 g/100 g FM (10.99 g/100 g DM).



Molecules 2023, 28, 6653

12 of 19

The leaves of young plants had a higher ash content than the cloves. However, the
harvest date and cultivar had no effect on the content of this component. In the currently
available scientific literature, the content of ash measured in garlic depends on the plant
material’s country of origin. In studies conducted by Ciuba et al. [8], the ash content in
Polish varieties of garlic cloves was found to be between 0.98 and 1.49 g/100 g DM, and
contained 2.13 g/100 g FM (6.33 g/100 g DM) of ash. Suleria et al. [25] showed that the
content of ash was 2.30 g/100 g FM (4.95 g/100 g DM). The ash content in garlic leaves was
determined by Piatkowska et al. [12] to range between 11.02 g and 11.86 g/100 g DM). The
ash content in the cloves analysed during our research showed a much lower content. This
difference is due to the fact that our analyses were performed with the use of young garlic
cloves, and that the above-mentioned studies concerned mature garlic cloves.

The content of total carbohydrates in garlic leaves and cloves differed from the results
of other authors [8,34,36]. Research by Ciuba et al. [8] showed lower values in the range of
27.43 g and 30.52 g/100 g DM of total carbohydrates in the cloves of ripe garlic. Suleria
et al. [36] showed also the lower content of this component at 41.40 g/100 g DM; Marciniec
and Wiodarczyk-Marciniec [34] found 28.60 g/100 g DM. Total carbohydrates in leaves
analysed by Piatkowska et al. [12] were between 66.95 g and 74.85 g/100 g DM). These
results are similar to our finding. Our own research showed no effect of the cultivar or the
harvest date on the total carbohydrate content in the leaves or cloves of young garlic plants.

The young garlic leaves harvested in May were characterised by a higher vitamin
C content, but the cultivar had no effect on the concentration of the analysed ingredient.
Authors of other studies obtained significantly lower vitamin C values in mature garlic
cloves compared to our results of the content of vitamin C in cloves harvested in May and
June [11,38]. While the results of content of vitamin C in cloves harvested in July are in the
same range as other authors [11,34], Ciuba et al. [8] obtained a lower content of vitamin
C in mature cloves, between 11.08 mg and 9.53 mg/100 g DM. Research conducted by
Piatkowska et al. [12] showed a vitamin C content in garlic leaves between 74.84 mg and
389.5mg/100 g DM.

The leaves of young garlic plants harvested in May were distinguished by a higher
total polyphenols content. There were no differences in the content of polyphenols between
the cultivars, but we have found the difference in the content of phenolic compounds
between the leaves and cloves. In studies available in the literature, significantly lower
values of polyphenols in mature garlic leaves were observed [11,12]. Piatkowska et al. [9,12]
showed that the content of polyphenols in mature garlic leaves was between 253.06 mg
and 546.24 mg/100 g DM. In our research, the average content of polyphenols in the cloves
of young garlic plants was 321.8 g/100 g DM. The highest content of polyphenols in the
cloves of young garlic cultivar Ornak plants was observed in the May harvest. In our
study, the samples of garlic cloves collected in July had a lower content of polyphenolic
compounds compared to other authors [8,39]. Research by Ciuba et al. [8] showed the
presence of polyphenols in ripe cloves of garlic, between 369.49 mg and 495.1 mg/100 g
DM. According to Leelarungrayub et al. [40], the content of polyphenols was at the level of
450.0 mg /100 g DM and according to Mnayer et al. [39], in garlic, 561.0 mg/100 g DM was
found. Research by Querioz et al. [41] showed the presence of polyphenols in garlic cloves
in the amount of 699.0 mg/100 g DM.

In this study it was shown that there is a higher antioxidant activity in the leaves of
young garlic plants than in the cloves. The cultivar had no effect on the antioxidant activity
in leaves of young garlic plants. The analysis using the FRAP method showed the highest
antioxidant activity of the May harvest. According to Piatkowska et al. [12] the antioxidant
activity of the ABTS method in mature garlic leaves was in the range of 203.5 pmol and
230.6 umol Trolox/1 g DM. The average antioxidant activity determined by the ABTS*
method in the cloves of young garlic plants was 61.86 pmol Trolox g/1 g DM. The highest
activity was demonstrated in the May 2020 harvest of the Harna$ cultivar. Research by
Ciuba et al. [8] show that the antioxidant activity in mature garlic cloves to be between
24.96 pmol and 25.28 pmol Trolox/1 g DM.
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The leaves of young garlic plants were characterised by a higher content of flavonoids
and phenolic acids. The highest concentration of flavonoids was found in the May harvest
in garlic of the Ornak cultivar. Their content was influenced by the cultivar and date of
harvest. On the other hand, the harvest date influenced the concentration of phenolic
acids. Their highest content was found in garlic leaves of the Ornak cultivar from May.
The highest level of phenolic compounds being found in young plants can be explained by
their protective effect for growing plants. These compounds protect the plant against high
or low ambient temperature, drought, and also pathogenic bacteria, fungi and viruses [42].
In the available literature, studies on the content of polyphenolic compounds were carried
out on ripe garlic cloves. To the best of the authors’” knowledge, there are no studies
on young garlic plants divided into morphological parts, i.e., leaves and cloves. Kim
et al. [43] showed the presence of three polyphenolic compounds in mature garlic cloves:
caffeic acid, 0.748 mg/100 g DM; p-coumaric acid, 0.125 mg/100 g DM; and ferulic acid,
0.157 mg/100 g DM. On the other hand, the total content of polyphenolic compounds
was shown at the level of 1.786 mg/100 g DM. In a study by Miean and Mohamed [44] in
garlic cloves, the amount of myricetin was found to be at 6.9 mg/100 g DM and that of
quercetin at 4.7 mg/100 g DM was demonstrated. In these studies, the content of luteolin
and kaempferol was also determined; however, the presence of these compounds was not
demonstrated in the tested garlic. However, in the studies by Gorinstein et al. [45], the
following polyphenolic compounds were determined in cloves of ripe garlic: vanillic acid
(0.27 mg/100 g DM), caffeic acid (0.86 mg/100 g DM), coumarin (0.02 mg/100 g DM), ferulic
acid (0.03 mg/100 g DM), sinapic acid (0.05 mg/100 g DM), quercetin (8.06 mg/100 g DM),
and kaempferol (0.10 mg/100 g DM). In our research, the content of polyphenolic com-
pounds was much higher than in the above-cited publications. This is due to the fact that
the authors of the above studies conducted research on mature garlic cloves, while our
research was carried out on young cloves and leaves harvested in early spring, in which
the presence of polyphenols and individual polyphenolic compounds is much higher than
in fully mature plants. The content of polyphenols in a sample also depends on other
factors, including climatic conditions and the time of analysis after harvesting the plant,
because some of the water may evaporate naturally and change the proportions of the
compounds. Storage conditions, e.g., inappropriate temperature and high humidity, may
affect the increased synthesis of polyphenols [42]. Important factors that may affect the
result of the analysis of polyphenolic profile and content will be the method of extract
storage (temperature, access to light and air) [46,47]. The most stable compounds in the
group of polyphenols are phenolic acids, and the least stable are anthocyanins, where
especially the presence of oxygen and a temperature of about 40 °C can significantly affect
their content [47-50].

In this study we have found that the content of phenolic compounds, vitamin C and
antioxidant activity measured with ABTS, DPPH and FRAP methods had higher value
in the same samples of plant material (Tables 2—4; Figure 1). The higher values were
found using the ABTS and FRAP methods, especially in leaves. It is well know that in
ABTS method, the hydrophilic and hydrophobic antioxidants react with ABTS radicals.
It was also reported that some phenolic compounds, for example, flavonoids and simple
polyphenols, react with ABTS®*, and that coumaric acid, for example, has weak this radical
scavenging activity [51-53]. The lowest values were measured using the DPPH method.
This can be explained by the fact that DPPH is soluble only in organic solvents and only
reacts with hydrophobic substances. It was also reported that substituents of the phenolic
ring strongly affect the possibility of scavenging DPPH radicals [51,53].

4. Materials and Methods
4.1. Plant Material

The experiment was conducted in 2018-2020 at the Experimental Station of the De-
partment of Horticulture, University of Agriculture, Hugo KoHataj in Krakow. The research
material consisted of leaves and cloves of two winter garlic cultivars: Harnas and Ornak.
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The cloves intended for planting were purchased from Krakowska Hodowla Nasion
Polan, Krakow, Poland. Garlic was planted in brown soil every year after October 25 at
a distance of 30 cm between the rows and 10 cm in a row, and at a depth of 5-6 cm. In
Poland, garlic is planted around October 25 so as to be in time before the ground freezes
completely. Garlic planted at this time will have time to root well, but it will not grow
leaves before winter unless it is still warm. Garlic planted in autumn is harvested in July.
During the experiment, maintenance treatments typical for the species were carried out:
weeding, regularly as needed; and irrigation, regularly in dry weather. Harvesting was
performed on three dates: in May, June and July. This occurred for three years, always at
the same stage of development. In May and June, unripe plants were harvested, that is,
young leaves and bulbs that had not yet been divided, and in July, plants were harvested at
their full maturity stage. The plants were cleaned and next prepared for freeze drying.

4.2. Proximate Analysis of Plant Material

The dry matter content was determined in fresh material. This method consisted of
determining the loss of weight after removing water from the product during thermal
drying at 105 °C under normal pressure. The determination was performed in two parallel
replications, and the final result was the arithmetic mean. A Memmert GmbK laboratory
dryer (Schwabach, Germany) was used to perform this dry matter determination. The
remaining plant material was freeze-dried with a Christ Alpa 14 laboratory freeze dryer
(Gefriertrocknungsanlangen, Osterode am Harz, Germany).

The proximate analysis of freeze-dried samples of garlic was measured according
to the AOAC official methods [54]. The concentration of protein was measured with the
Kjeldahl method (AOAC no. 978.04), crude fat content in accordance with the Soxhlet
method (AOAC no. 935.38) and ash (AOAC no. 930.05). Dry matter was determined using
an laboratory oven (Memmert GmbK, Schwabach, Germany). For the nitrogen content, the
Kiejdalh method was used with equipment designed for the digestion and distillation of
samples (FOSS Digester and Autodistillation Unit KjeltecTM 8200; Tecator Foss, Hillered,
Sweden). About 0. 500 g of sample was weighed on an analytical scale (accuracy 0.0001)
and transferred to the mineralisation tube with catalysators, e.g., CuSO, and K,SO4 (POCh,
Katowice, Poland). Next, 14 cm? of sulphuric acid was added to the sample. Mineralisation
was performed at 420 °C in the mineralisation unit. The mineralisation was performed
to obtain a light-green-coloured sample. The mineralisation tube was then cooled After
cooling, the flask with the mineraliser was moved into the Autodistillation Unit Kjeltec™
8200 for distillation. The obtained distillate was titrated with 0.1 M HCl solution (POCh,
Katowice, Poland) until a light purple colour was formed. The percentage of total nitrogen
was calculated according to formula N = (V x M x 14.007 x 100)/m, where N is the total
nitrogen content in 100 g of the test material (g/100 g); V is the volume of HCI used for
titration of the sample (cm?); M is the molar concentration of HCI (mol/dm?); 14.007 is the
amount of nitrogen, which corresponds to 1 cm® of HCI with a concentration of 1 mol/dm?;
and m is the sample mass [g]. The factor 6.25 was used to calculate the content of protein
in the garlic samples.

The crude fat content was determined using the Soxhlet method, and a Soxtec Avanti’s
2050 Auto Extraction Unit was used (Tecator Foss, Hillered, Sweden). About 1 g of the
tested sample was weighed with an accuracy of 0.0001 g and placed in the extraction
thimble. The clean vessel was dried in an incubator at 105 °C, cooled in a desiccator,
and weighed to the nearest 0.0001 g. The vessel was filled with petroleum ether (POCh,
Katowice, Poland) in a volume of 80 cm3. Thimbles with sample weights and vessels with
ether were placed in the Soxhlet apparatus for a specified time (about 1.5 h, with 20 min for
heating, 40 min for extraction, 15 min for the cooling down of sample), with fat extraction
being automatically performed. After the analysis was completed, the vials with fat were
placed in a dryer at a temperature of 105 °C for 15 min, then transferred to a desiccator to
cool down. Dried and cooled vials with crude fat were weighed on an analytical scale with
an accuracy of 0.0001 g. The crude fat content was calculated according to the formula:
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Crude fat content (g/100 g) = [(b — a) x 100]/m, where a is the weight of an empty
vial before analysis (g), b is the weight of the vial with crude fat after analysis (g), and mis
the sample mass (g).

The ash content was measured in the electric muffle furnace (SNOL 82/110, Utena,
Lithuania).

The total carbohydrates content in dry matter was calculated based on the following
formula: total carbohydrates = 100 — (protein + raw fat + ash) [55]. In the methanolic
extract received from freeze dry samples, the total phenolic content and antioxidant activity
was measured.

4.3. Vitamin C, Total Phenolic Compounds Content and Antioxidant Activity

The content of vitamin C (as the sum of ascorbic and dehydroascorbic acid) in the fresh
plant material was determined using the Thillmans method following the modifications
made by Pijanowski [56]. In this method, dehydroascorbic acid is reduced to ascorbic acid
in the presence of sodium sulphide. The excess amount of sodium sulphide is precipitated
by mercury chloride solution. The sum of ascorbic acid and dehydroascorbic acid is
determined by titration with 2,6-dichlorophenolindophenol.

Methanol extracts were prepared from fresh material. In order to prepare them,5 g
of fresh sample and 80 mL of 70% methanol (POCh, Katowice, Poland) were used. The
samples were extracted for 2 h at room temperature and protected from light. Then, the
samples were filtered. After filtration, the extracts were stored at —20 °C. They were used
for the future analysis of total polyphenols and antioxidant activity.

The total polyphenols content was measured spectrometrically using Folin-Ciocalteau
reagent, at a wavelength of 760 nm using a RayLeigh UV-1800 spectrophotometer (UV-1800
spectrophotometer, Beijing Beifen-Ruili Analytical Instrument Co., Ltd., Beijing, China) [57].
The results are expressed as the chlorogenic acid equivalent (CGA) in mg per 100 g of dry
matter (DM).

The antioxidant activity of methanolic extracts of garlic samples was measured us-
ing the following methods: with ABTS®* radical (2,2"-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid); Sigma Aldrich, Saint Louis, MO, USA) [58]; DPPH (2,2-diphenyl-1-
picrylhydrazyl, Sigma Aldrich, Saint Louis, MO, USA) [59]; and the FRAP method (ferric-
reducing antioxidant power) [60], as was previously reported [61].

The working solution for ABTS analysis was received by diluting the ABTS®** stock
solution with 70% methanol to receive an absorbance between 0.740 and 0.750 at 734 nm. A
total of 10-100 puL of the extract of garlic was transferred into a test tube and diluted up to
1 mL with 70% methanol. After the mixing of a diluted extract with 2 mL of the working
solution of the ABTS®**, the mixture was kept in dark at 30 °C for 6 min. The absorbance of
the sample was measured at a wavelength of 737 nm.

The working solution of DPPH® was prepared by dissolving 6 mg of DPPH in 100 mL
of methanol. The working solution was obtained by diluting the stock solution with
methanol to obtain an absorbance of 0.900-1.000 at 515 nm. A total of 10-200 uL of the
extract was put into a test tube and diluted up to 1.5 mL with methanol. After mixing the
diluted extract with 3 mL of the DPPH?® solution, the mixture was kept in the dark at room
temperature for 10 min. The absorbance of the sample was measured at a wavelength of
515 nm.

The total reducing capability, using the FRAP method, was determined as reported by
Benzie and Strain [60]. The extracts (10-200 puL) were put into a test tube and diluted up
to 1 mL with 70% methanol. After mixing the diluted extract with 3 mL of the working
solution of the FRAP reagent, the mixture was kept in the dark at room temperature for
10 min. The absorbance of the samples was measured at 593 nm.

The results obtained for ABTS**, DPPH and FRAP methods were compared to the
concentration-response curve of the standard Trolox dilution, and the results obtained are
expressed in uM Trolox/1 g DM of sample.
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4.4. HPLC Analysis of Plant Material

For the HPLC polyphenolic compounds, an acidified methanolic extract of garlic was
used. One g of the lyophilised sample was taken and extracted using a laboratory shaker
Elpin Plus, type 357 (Lubawa, Poland) for 2 h at room temperature while protected from
light in 40 mL of 70% methanol (POCh, Katowice, Poland) and acidified with formic acid
(0.1%) (Chempur, Piekary Slaskie, Poland). The samples were then filtered, and the extracts
were stored at —20 °C [61,62]. Methanolic extracts were used to determine polyphenolic
compounds via the HPLC method using the Prominence-i LC 2030C D3 Plus system
(Shimandzu, Kyoto, Japan) along with a DAD detector and a Luna Omega 5 um Polar C18,
100A, 250 x 10 mm Phenomenex column (California, USA). The separation was performed
at 40 °C. The mobile phase was a mixture of two eluents: A, 0.1% formic acid in water
(v/v); and B, 0.1% formic acid in methanol (v/v). The flow rate of the mobile phase was
1.2 mL/min. The analysis was carried out with the following gradient conditions: from
20% to 40% B in 10 min, 40% B for 10 min, from 40% to 50% B in 10 min, from 50% to 60% B
in 5 min, 60% B for 5 min, from 60 to 70% B in 5 min, from 70% to 90% B in 5 min, 90% B
for 5 min, from 90% to 20% B (the initial condition) in 1 min, and 20% B for 4 min. This
resulted in a total run time of 60 min. The injection volume was 20 uL. A stock standard
solution (100 mg/L) of each polyphenolic compound was prepared in 0.1% formic acid in
70% methanol (v/v) (POCH, Poland). The calibration curves of the polyphenol standards
were made by the dilution of stock standard solutions in 0.1% formic acid in 70% methanol
(v/v). All the solutions were filtered through a 0.22 um filter.

The following polyphenolic compounds were determined based on standards, namely
catechin, epicatechin, naringin, hesperidin, myricetin, quercetin, luteolin, kaempferol, api-
genin, rutin, chlorogenic acid, 4-hydroxybenzoic acid, caffeic acid, vanillic acid, p-coumaric
acid, ferulic acid, and sinapic acid (Sigma Saint Louis, MO, USA), based on LabSolution ver.
5.93 Shimandzu Corporation (Kyoto, Japan), who determined their concentration in the
plant material, as was reported by Sadowska et al. [63]. The content of quercetin, luteolin,
apigenin, and myricetin were measured only in their free aglycones form.

4.5. Statistical Analysis

The analyses were performed in two or three parallel replications. Results are reported
as the means =+ SD. One and two way factorial analysis of variance (ANOVA) was used
to test the differences. The significance of the obtained differences were verified using
Duncan'’s test at the level of significance of p < 0.05.

In this study, Principal Component Analysis (PCA) was used to identify the factors
that were common to the primary variables, defining the basic chemical composition (dry
matter, proteins, crude fat, ash and total carbohydrates), the antioxidant activity (vitamin C,
total polyphenols and DPPH), flavonoids and phenolic acids, and for the month of garlic
harvest. By reducing the number of primary variables and replacing them with components
that significantly explain their variability, PCA analysis makes it possible to describe the
ongoing processes and phenomena with the maximum amount of information [64]. The
screening test proposed by Cattell [65] was used to determine the number of principal
components. The last step was a graphical presentation of the dataset, where each variable
was represented by a vector, and its direction and length determined the degree to which
individual variables influenced the principal components. In the case of the location of
the analysed variables near the circumference of the circle, the majority of the information
contained in them is carried by the main components. A strong positive correlation occurs
when the variables are located next to each other, while the vectors of the variables located
perpendicular to each other indicate its absence. Placing the variables on opposite sides of
each other means that they are negatively correlated.

The results were subjected to analysis with the use of STATISTICA v. 13.3 (StatSoft
Inc., Tulsa, OK, USA).
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5. Conclusions

It was found that the time of harvest had a significant effect on the proximate compo-
sition, especially of leaves. The leaves, harvested in May, were a better source of protein,
crude fat and vitamin C than the leaves of a fully developed plant (harvested in July).
Only the level of total carbohydrates increased in the leaves as the plant developed. Less
variability of the proximate composition during development was found in the cloves.
Young cloves harvested in May, compared to those fully developed (harvest in July), only
contained more protein, fat and ash. In the tested garlic cloves and leaves, 17 polyphe-
nolic compounds were determined. The leaves had statistically higher amounts of all
determined polyphenols, with the exception of epicatechin, coffee acid (less than in cloves)
and myricetin (no differences). Based on the research, it was found that the leaves are a
comparable or higher source of active ingredients than the cloves. Young garlic plants
harvested in May are a valuable source of both nutrients and non-nutrients compounds.
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