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NUTRIENTS AND ANTI-NUTRIENTS ANALYSIS OF GREEN CABBAGE
(BRASSICA OLERACEA VAR. CAPITATA)

Summary

Background. Green cabbage (Brassica oleracea var. capitata) is a highly nutritious vegetable, offer-
ing a wide array of vitamins, minerals, antioxidants and fiber. While it does contain some anti-nutrients,
such as goitrogens and oxalates, these compounds generally pose a minimal risk when the vegetable is
eaten as part of a balanced diet and consumed in normal amounts. Assessing the content of minerals,
vitamin C, B-carotene and anti-nutrient content of green cabbage originating from the Kosovo region was
the aim of this study.

Results and conclusions. The majority of nutritional indicators had an inverse or no link with anti-
nutrients, according to Pearson correlation data. Significantly positive correlations were found between
crude protein and carbohydrates (0.90**), while cyanogenic glycosides (-0.90**) indicated a negative
Pearson correlation data. Moreover, cyanogenic glycosides exhibited significant negative relationships
with carbohydrates (-0.44*), calcium (-0.66**) and potassium (-0.63**). The vitamins content did not
significantly correlate with oxalate and tannin, while tannins and phytate did not significantly correlate
with the corresponding mineral content. The results demonstrated the nutrient-dense nature of green cab-
bage, which may lessen the impact of micronutrient deficits. In addition, the results indicated that green
cabbage has a low fat and anti-nutrient content, but it is high in potassium, magnesium and calcium con-
tent, which are beneficial to human health.
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Introduction

The nutrient-dense nature of green vegetables is well acknowledged, particularly
by communities that follow plant-based diets [10]. Green vegetables like green cab-
bage (Brassica oleracea var. capitata) contain valuable dietary elements that the body
can use effectively and are known as unique food crops. They have a significant
amount of vitamins and minerals, which are good for preventing illnesses and overall
wellbeing [17, 18]. Along with having a low protein content, they are also rich in die-
tary fiber. Brussels sprouts, broccoli, cauliflower and kale are among the numerous
crop species in the Brassicaceae family [16], which includes green cabbage (Brassica
oleracea var. capitata), herbaceous green leafy vegetable [38]. It has a distinct flavor, a
crisp texture, a distinctively compact head with tightly packed leaves and colors that
range from light green to dark green [2, 39]. Since ancient times, green cabbage (Bras-
sica oleracea var. capitata) has been used as food and a medicine [20]. Cabbage is also
a rich source of essential minerals, such as iron (Fe), calcium (Ca), magnesium (Mg),
potassium (K), sodium (Na) and phosphorus (P) [32, 40].

On the other hand, plant food components known as antinutrients or antinutrition-
al factors can have a negative impact on the consumption, absorption of vital nutrients
or may produce toxic compounds when they break down [6]. The effects of these sub-
stances on human health are so contentious that while some authors point to possible
advantages, others advise consuming foods containing them with extra caution and
only after processing [25].

A nutrient-dense vegetable like green cabbage (Brassica oleracea var. capitata)
has many health advantages, including anti-inflammatory properties, liver detoxifica-
tion, better bone health, weight management /loss, improved digestion, skin health,
cancer prevention, blood sugar regulation and it can boost the immune system [27].
Evaluating the minerals, proximate analysis, vitamins and anti-nutrient composition of
green cabbage (Brassica oleracea var. capitata) can raise the awareness of abundant
nutrients in this vegetable and help nutritionists create balanced diet plans, as well as
pave the path towards sustainable food systems, food security and overall better plane-
tary health [40].

To improve sustainable food and nutritional security, nutritionists, agronomists
and crop breeders should start considering nutritional and anti-nutritional traits and
their interrelationships in vegetables and staple food crops, rather than just yield and
yield components. Evaluating the proximate analysis, mineral, vitamin C, -carotene,
anti-nutrient contents and their correlations in green cabbage grown in the region of
Kosovo is the main goal behind this study.
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Materials and methods
Sample preparation

In the period of May/June of 2024, fresh green cabbage (Brassica oleracea var.
capitata) samples were bought randomly at the local market in Pristina (Kosovo). After
being collected, each sample was packaged individually in polyethylene bags and
brought to a laboratory for preliminary treatment and analysis.

Preliminary sample treatment

Green cabbage samples were thoroughly cleaned under running water and in
some cases the outer layer was removed (1 ~2 mm). The material prepared in this way
was cut into sample pieces (2.5 x 2.5 cm). After each treatment, the samples were
drained of water and dried on a paper towel at room temperature.

Laboratory analysis

The proximate, mineral, vitamin and anti-nutrient contents were determined
through a laboratory analysis. Following a standard protocol, the proximate composi-
tion — which comprises moisture, crude protein, crude fat, ash and carbohydrates — was
ascertained in triplicate by AOAC (2005) [4]. The crude protein concentration in the
samples was determined using the standard semi-micro Kjeldahl method — AOAC
(2005) method 988.05, [4] while the crude fat in the samples was analyzed using
AOAC (2005) method 2003.06. Moreover, moisture contents were determined using
AOAC (2005) method 967.08, the ash concentrations were determined using AOAC
(2005) method 942.05, and the crude fiber was analyzed using AOAC (2005) method
958.06 [4]. Finally, the carbohydrate was determined by difference — by subtracting
(% moisture + % crude protein + % ether extract + % crude fiber + % ash) from 100%.

The Microwave Plasma Atomic Emission Spectroscopy (MP-AES 4200, Agilent
Technologies, Inc. USA) equipment was used to measure the mineral content using a
technique that Shemnsa et al. [30] had previously explained. Standard procedures were
used to evaluate vitamin C and B-carotene by AOAC (2005) method [4]. Also, standard
procedures were used to evaluate antinutrients like tannin, oxalate, phytate and cyano-
genic glucosides, too [4]. The phytate contents of the samples were determined using
the AOAC (2006) method while oxalate concentration was analyzed using the AOAC
(2006) method [5]. In addition, tannin contents in the leaf samples also were analyzed
using the AOAC (2006) method [5], and cyanogenic glycoside was analyzed by use of
AOAC (2005) method 915.03 [4].

Statistical analysis

Origin Pro 9.0 software (Origin Lab Corporation) was used to statistically analyze
the analysis results, which were then presented as the mean + standard deviation (SD).
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To validate and compare the average values of the elements across various sampling
sites, a one-way ANOVA and Tukey’s test were used to compare the mean values (p <
0.05) among samples. Pearson correlation was used to investigate the relationship be-
tween the mineral, vitamin and anti-nutrient contents of green cabbage.

Results and discussion
Proximate composition

According to the results in table 1, the moisture content of green cabbage (Brassi-
ca oleracea var. capitata) is 88.61 + 0.54 g/100 g WB, which is similar to findings of
other studieslike 88.4 g/100 g WB in green cabbage and 88.2 g/100 g WB in broccoli
[19], but lower than findings in studies showing the following values: 96 ¢g/100 g WB
in lettuce, 93.5 g/100 g WB in spinach [19], 92.0 = 0.12 ¢/100 g WB in green cabbage,
92.0 +0.26 g/100 g WB in cauliflower and 91.0 +0.06 g/100 g WB in lettuce [20].
Fruit with a high moisture content (over 15 %) has been shown to support microbial
activity during storage; however, Brassica oleracea var. capitata's compact and fibrous
head makes it somewhat difficult for microorganisms to access, extending its shelf life.
The amount of ash in the sample, which indicates its inorganic materials, was
1.06 +0.10 g/100 g WB. This number is lower than the 2.0 /100 g WB in spinach but
higher than the 0.7 g/100gWB in cauliflower, 0.6 ¢/100 g WB in broccoli,
0.6 g/100 g WB in carrots, and 0.4 g/100 g WB in lettuce [19]. The crude fat content of
the sample was 0.32 +0.06 g/100 g WB, which is somewhat higher than that of
0.3 9/100 g WB in broccoli and 0.3 g/100 g WB in cauliflower, but lower than that of
0.5 % in Brussels sprouts and 0.6 g/100 g WB in kale [3].

The main sources of energy in diets are fats and oils, yet diets heavy in fat are
linked to obesity and a number of cardiovascular diseases, including atherosclerosis,
cancer, and aging. Compared to 2.3 g/100 g WB in cauliflower, 2.0 g/100 g WB in kale
and 2.5 ¢/100 gwWB in Brussels sprouts [3], the crude fiber content of 3.81 =+
0.11 g/100 g DW s greater; nevertheless, it is lower than 4 % in broccoli and
3.9 /100 g WB in carrots [19]. Dietary fiber is a key component of Brassica oleracea
var. capitata and other Brassica vegetables. It lowers blood cholesterol, lowers the risk
of coronary heart disease and helps prevent hypertension, breast and colon cancers, and
more. According to Rumeza et al. [26], the crude protein content of the sample
amounting to 1.96 & 0.10 g/100 g DW is higher than the 1.6 +0.20 g/100 g WB report-
ed for the same vegetable, 1.40 g/100 g WB for Brussels sprouts, and 1.8 % for cauli-
flower.

However, it is lower than the 4.6 g/100 g WB for broccoli, 3.4 g/100 g WB for
kale [3] and 2.1+ 0.15 for spinach [26]. The 4.55 + 0.22 g/100 g DW carbohydrate
content is slightly lower than the 4.8 = 0.01 g/100 g WB reported by Rumeza et al. [26]
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for the same vegetable, but it is still within the 2.0-4.6 (g/100gWB) range described by
Anon [3] for Brassica plants. The body uses carbohydrates primarily for energy, and
people with diabetes and those controlling their weight have been found to benefit
from food that contains modest amounts of carbohydrates, such as fruit and vegetables
[7]. This demonstrates how low-energy foods like Brassica oleracea var. capitata can
be particularly beneficial for weight-loss programs [9].

Table 1.  Content of nutrients of green cabbage Brassica oleracea var. capitata
Tabela 1. Zawartos$¢ sktadnikow odzywczych w zielonej kapuscie Brassica oleracea var. capitata

Parameter / Parametr Content / Zawarto$¢ [g/100 g DW]
Moisture / Wilgotnos¢ 88.6+£0.5
Total Ash / Popiot catkowity 1.1+0.1
Crude fat / Ttuszcz surowy 0.3+0.06
Crude fiber / Wtdkno surowe 3.8+0.1
Protein / Biatko (5.71 x % N) 1.8£0.1
Carbohydrate / Weglowodany 4.6+0.2

Mineral compositions

As demonstrated by the results of the mineral analyses of green cabbage (Brassi-
ca oleracea var. capitata) in Tab. 2, the plant has a higher potassium content than other
minerals. Compared to the range of 300 + 400 mg/100 g DW reported for several spe-
cies of Brassica vegetables, the potassium concentration of 4680 + 48.1 mg/kg is high-
er [3]. When it comes to potassium, green cabbage (Brassica oleracea var. capitata)
may offer 33.9 % of the recommended daily amount (RDA), which is 2000 mg for
adults. Compared to broccoli cultivars with a sodium concentration of 0.21 + 0.52 g/kg
DW, this one has a greater sodium level of 260 +50.1 mg/kg DW [15]. Compared to
the 600 mg RDA requirement for adults, this vegetable has a high salt level, accounting
for 29.33 % of the RDA amount.

It has been suggested that lowering high blood pressure can be achieved with a
sodium to potassium ion ratio of less than one (Na+/K+ < 1). Thus, it implies that the
vegetable can be a healthy meal option for people with high blood pressure. The con-
tent of calcium, 2980 + 45.2 mg/kg DW, falls within the range of 2337.3 + 5635 mg/kg
for green cabbage (Brassica oleracea var. capitata) [40]. The results show that this
vegetable can provide a significant quantity of dietary calcium, which is necessary for
the development and upkeep of bones, teeth and muscles. As a result, it can be used as
a supplement in diets that are deficient in calcium ions. A phosphorus concentration of
1234 +15.2 mg/kg is less than the 40 mg/100 g DW of the same vegetable that has
been reported [3]. The mineral phosphorus helps the body absorb calcium, which is
necessary for the development and upkeep of bones, teeth and muscles. While the iron
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level of 65.8 + 1.8 mg/kg is higher than the 0.4 mg/100 g DW for the same vegetable,
it is lower than the 1.1 mg/100 g DW for broccoli [3], 1.6 mg/100 g for spinach and
0.7 mg/100 g DW for lettuce [37].

Iron is an essential micronutrient for the synthesis of hemoglobin and is a compo-
nent needed for the oxygen transport system of the body. Additionally, iron serves as a
cofactor for a number of crucial enzyme functions. Zinc concentration of 3.4 +
0.1 mg/kg DW is lower than that of 0.95 mg/100 g DW in broccoli, 0.64 mg/100 g in
cauliflower and 0.2 mg/100 g for the same vegetable [36]. In addition to being a cofac-
tor for various enzyme activities, zinc is crucial for controlling cellular development
and gene expression. The manganese concentration of 4.10 + 0.10 mg/kg is higher than
the 0.2 mg/100g DW found in the same vegetable, 0.3 mg/100g in Kale,
0.23 mg/100 g in Brussels sprouts and 0.13 mg/100 g in cauliflower [36].

Together with vitamin K, manganese aids in the production of prothrombin and
promotes healthy skeletal growth and development. It is also a crucial cofactor for a
variety of enzyme functions [28]. The copper content of 5.52 mg/kg is comparable to
the 2.73 + 11.21 mg/kg reported for the same vegetable [40] and falls within the range
of 0.04 +0.09 mg/100 g for different species of Brassica oleracea vegetables [36].
Copper is an essential trace mineral found in green cabbage and many other types of
food. While it is required in small amounts, copper plays a vital role in several im-
portant physiological processes in the human body [35]. Including cabbage in a bal-
anced diet can help contribute to overall copper intake, especially when combined with
other copper-rich foods.

Vitamin C and p-carotene contents

The vitamin C content of 57.4 +3.3 mg/100 g in Tab. 2 is lower than that of
120 mg/100 g in broccoli, 90 mg/100 g in brussels sprouts, 110 mg/100 g in kale and
61.5 mg/100 g in cauliflower [3], but higher than that of Brassica oleracea capitata
55+ 0.06 mg/100 g [26] and 28.41 + 45.04 mg/100 g in cabbage (Brassica Oleracea
L.) [22]. On the other hand, it is higher compared with 5.66 + 23.50 mg/100 g in cab-
bage (Brassica oleracea L. var. capitata) reported by authors Singh et al. [31]. The
body uses vitamin C as its main antioxidant; a lower risk of colon cancer is linked to
consuming foods high in vitamin C. Compared to some fruit, brassica vegetables have
been found to be much higher in vitamin C, therefore the Brassica oleracea var. capi-
tata provides 70.5 % of the daily recommended dietary requirement of 80 mg/100 g.

The B-carotene concentration of 111.8+4.2 pg/100g is lower than that of
85.9 nug/100 g of broccoli, 35.8 ng/100 g of Brussels sprouts and 765.8 pg/100 g of
kale, but greater than the 5.5 pg/100 g found in the same vegetable, 0.9 pug/100 g in
cauliflower and 6.0 pug/100 g in turnips [3]. A very good source of B-carotene, Brassica
oleracea var. capitata provides 11 % of the 800 ng/100 g recommended dietary intake
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[13]. Consuming foods high in pB-carotenoids or pro-vitamin A, has been linked in stud-
ies to a decreased risk of developing a number of epithelial malignancies [34].

Anti-nutrient composition

The results of anti-nutrient analysis on green cabbage (Brassica oleracea var.
capitata) are shown in Tab. 2. The tannin concentration of 2.9 + 0.6 mg/100 g is higher
than 1.50 mg/100 g in green cabbage, 1.57 mg/100 g in red cabbage and 1.57 +
0.36 mg/100 g in Chinese cabbage, but lower than the 261.76 +0.23 mg/100 g in cab-
bage (Brassica oleracea) reported by authors Abdi et al. [1]. Food palatability is im-
pacted by tannins, which give them an astringent taste. They have demonstrated anti-
nutrient effects by forming complexes with essential nutrients, including digestive
system enzymes, which prevent essential nutrients from being absorbed and utilized
[29]. However, it has been demonstrated that tannin molecules possess antibacterial,
antiviral and antiparasitic properties [23]. The oxalate level of 8.6 + 0.7 mg/100g is
lower than that of Chinese cabbage (265 =+ 13.70 mg/100 g), red cabbage (265 +
13.70 mg/100 g) and green cabbage (225 + 6.60 mg/100g) [21].

Its phytate amount of 231 +0.8 mg/100 g is lower than that of green cabbage
(27.83 = 0.40 mg/100 g), red cabbage (30.36 +=0.90 mg/100 g) and Chinese cabbage
(27.83 £ 0.40 mg/100 g) [21]. High amounts of phytate and oxalate, two anti-
nutritional substances present in many fruit and vegetables, have been shown to signif-
icantly impact the bioavailability of minerals in a diet. The cyanogenic glycosides con-
tent of 10.5+1.0 mg/100 g is lower when compared to 82.50 + 2.60 mg/100 g in green
cabbage, 82.50 + 2.80 mg/100 g in red cabbage and 75.63 + 1.60 mg/100 g in Chinese
cabbage [21]. The overconsumption of cyanogenic glycosides can be quite dangerous
because they interfere with the electron transport chain in the mitochondria, which
stops energy from being produced [41]. The anti-nutrients (phytate, cyanogenic glyco-
sides, tannins and oxalate) identified in this study may not be detrimental if consumed
because their concentrations are below the acceptable level [12].

Antinutrients are plant compounds that have traditionally been considered harm-
ful to health due to their potential to limit the bioavailability of essential nutrients [19].
Although various thermal and non-thermal processing methods, such as cooking, boil-
ing and fermentation processes, have been practiced to decrease the antinutrients level,
these processes may also undesirably influence the final products. More advanced
practices, such as ozonation and cold plasma processing (CPP), have been applied to
decrease the antinutrients without majorly affecting the physicochemical and nutrition-
al aspects of the commodities [11]. However, in recent years, these so-called anti-
nutrients have become known to possess beneficial effects and therapeutic potential on
several diseases [24].
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Table 2. Mineral content, vitamin C, B-carotene and anti-nutrients composition of green cabbage Bras-
sica oleracea var. capitata

Tabela 2. Zawarto$¢ sktadnikow mineralnych, witaminy C, B-karotenu oraz antyodzywczych sktadnikow
w zielonej kapuscie Brassica oleracea var. capitata

Mineral content [mg/kg DW] (+SD)
Sodium / Sod 260 +50.1
Potassium / Potas 4680 +48.1
Calcium / Wapn 2980 £ 45.2
Manganese / Magnez 4.1+0.1
Copper / Miedz 55+0.1
Iron / Zelazo 658+ 1.7
Zinc / Cynk 34+0.1
Phosphorus / Fosfor 1234 +£15.2
Vitamin C and p-carotene contents [per 100 g DW] (+SD)
Vitamin C / Witamina C [mg] 574+33
B-carotene / B-kroten [pg] 111.8+4.2
Anti-nutrients content [mg/100 g DW] (+SD)

Tannins / Taniny 29+0.6
Phytate / Fityniany 23.1£0.8
Cyanogenic glycosides / Glikozydy cyjanogenne 10.5+1.0
Oxalate / Szczawiany 8.6+0.7

Proximate and anti-nutrient correlations

Carbohydrates and moisture had a substantial positive correlation (0.90**), while
moisture (0.90**) and cyanogenic glycosides (-0.57**) had a significant negative cor-
relation. There were notable negative relationships between crude fat and oxalates
(-0.47*) and total ash (-0.63**). Crude fat and crude fiber had a substantial positive
correlation (0.83**). A significant negative correlation (-0.45*) was observed between
oxalate and crude fiber. There was a noteworthy positive correlation between total ash
and oxalate (0.77**). Cyanogenic glycosides showed a negative correlation (-0.44%)
with carbohydrates. There was no correlation between the approximate composition of
green cabbage (Brassica oleracea var. capitata) and phytate or tannin.

These results imply that when protein content increases, carbohydrates increases
and cyanogenic glycosides decrease. Green cabbage (Brassica oleracea var. capitata)
with high carbohydrate has more protein and fewer cyanogenic glycosides. The protein
content of this green vegetable will rise and cyanogenic glycosides will decrease with
agronomic management techniques that increase carbohydrates. Any crop management
technique that increases the amount of crude fiber and fat in this crop will result in a
decrease in its oxalate concentration since oxalate, fat and crude fiber have positive
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correlations. The positive and very significant (p<0.01) association between oxalate
and total ash suggests that when the amount of oxalate in a vegetable grows, so does its
total ash content.

Growers of vegetables who wish to enhance the nutritional value of Brassica
oleracea var. capitata should use this information to breed this green vegetable with
enhanced nutrient and lower anti-nutrient content [33]. Agronomists can also benefit
from these correlations by using them to better manage crops for the best nutritional
density, while food scientists/nutritionists can use them during the preparation/cooking
of this green vegetable in order to achieve a better nutrient bioavailability and im-
proved human nutrition and health [8] (Tab. 3).

Minerals and anti-nutrient correlations

Cyanogenic glycosides exhibited a positive and moderate correlation with iron
(0.54*) and a significant negative correlation with calcium (-0.66**), potassium
(-0.63**) and sodium (0.66**). A substantial negative correlation was found between
tannin and sodium (-0.60**). Magnesium and oxalate had a positive correlation
(0.53*). According to these findings, green cabbage (Brassica oleracea var. capitata)
may have a higher calcium and potassium content if cyanogenic glycosides are reduced
through agronomic practices.

This is important information because green cabbage (Brassica oleracea var. cap-
itata) is high in potassium and calcium [40]. Future breeding initiatives of green cab-
bage (Brassica oleracea var. capitata) can be guided by the positive correlation be-
tween cyanogenic glycosides and iron to create varieties with high minerals and low
cyanogenic glycosides [14]. However, no correlation was found between tannins and
phytates of green cabbage (Brassica oleracea var. capi capitata).

Vitamin and anti-nutrient correlations

Vitamin C and phytates had a significant negative correlation (-0.45*), which
suggests that breeding initiatives that increase the amount of vitamin C in green cab-
bage (Brassica oleracea var. capitata) will also lower the amount of phytate. Vitamin
C and cyanogenic glycosides had a positive correlation (0.45**). In order to improve
the nutritional quality of green cabbage (Brassica oleracea var. capitata), breeding and
selection efforts should investigate the possibility of finding varieties of green cabbage
that have higher vitamin C content and lower levels of cyanogenic glycosides [40].
Green cabbage (Brassica oleracea var. capitata) exhibited no correlation between oxa-
late and tannin and vitamins [33], which implies that the vitamin content of this vege-
table will not be adversely affected by breeding initiatives or crop management tech-
niques that lower oxalate and tannin [6] (Tab. 5).



Table 3. Linear correlation coefficients between proximate composition and anti-nutrients in green cabbage (Brassica oleracea var. capitata)
Tabela 3. Wspotczynniki korelacji liniowej pomigdzy sktadem odzywczym a sktadnikami antyodzywczymi zielonej kapusty (Brassica oleracea var. capitata)

Cyanogenic
Crude protein / Crude fat Crud§ fiber /| Total .a,Sh/ Moisture / | Carbohydrate /| Phytate/ | Tannin/| Oxalate glycoside /
. / Thuszez Wiékno Popiot . o O . . .
Biatko surowe . Wilgotno$¢ | Weglowodany | Fityniany | Taniny | Szczawiany | Glikozydy
surowy surowe catkowity .

cyjanogenne

Crude protein / Biatko 1

surowe

Crude fat / Tluszcz 0.19 |

SUrowy

Crude fiber / Wiokno 029 0.83%* |

surowe

Total ash / Popiot -0.58%* 0.63%F | -0.58% 1

catkowity

Moisture / Wilgotno$¢ -0.90%* -0.34 -0.50* 0.51* 1

Carbohydrate/ 0.90%* 0.34 0.50% -0.51* 0.90%* 1

Weglwodany

Phytate / Fityniany 0.07 -0.20 -0.32 0.08 -0.06 0.06 1

Tannin / Taniny 0.11 0.00 -0.36 0.04 0.04 -0.04 0.10 1

Oxalate / Szczawiany -0.30 -0.47* -0.45* 0.77** 0.32 -0.32 0.13 0.01 1

Cyanogenic glycoside

/ Glikozydy -0.44%* 0.09 0.12 0.23 -0.57* -0.44* -0.17 -0.09 0.29 1

cyjanogenne

Explanatory notes / Objasnienia: *A correlation is significant at the 0.05 level / korelacja jest istotna przy poziomie 0,05; **A correlation is significant at the 0.01
level / / korelacja jest istotna przy poziomie 0,01



Table 4. Linear correlation coefficients between minerals and anti-nutrients in green cabbage (Brassica oleracea var. capitata)
Tabela4. Wspotczynniki korelacji liniowej pomigdzy zawartoécia sktadnikow mineralnych a sktadnikami antyodzywczymi zielonej kapusty (Brassica
oleracea var. capitata)

Cyanogenic
e | zn | Ca | Mg | P | K| Na | ocu |G R iy | Grikonay
cyjanogenne
Fe 1
Zn -0.29 1
Ca -0.15 | -0.66** 1
Mg 0.65** -0.13 | -0.11 1
P 0.45* 0.25 -0.33 0.17 1
K 0.06 -0.43 |0.65** | -0.10 | -0.51* 1
Na 0.20 -0.10 | -0.19 -0.12 |-0.57** | -0.52* 1
Cu -0.27 -0.30 0.27 0.12 -0.09 -0.28 -0.07 1
Phytate / Fityniany 0.20 -0.23 | 0.30 0.12 0.00 0.16 -0.20 0.00 1
Tannin/ Taniny 0.09 0.03 0.00 0.19 | -0.10 0.07 |-0.60** | 0.40 0.10 1
Oxalate / Szczawiany 0.27 0.20 -0.07 0.53* | 0.61** -0.42 0.29 0.24 0.13 0.01 1
g}’.anoge”'cg.'ycos'de’ 054* | 007 |0.66%* | 021 |0.60%* |-0.63**|0.66** | -007 | -017 | -0.09 0.29 1
ikozydy cyjanogenne

Explanatory notes / Objasnienia: *A correlation is significant at the 0.05 level / korelacja jest istotna przy poziomie 0,05; **A correlation is significant at the
0.01 level / / korelacja jest istotna przy poziomie 0,01
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Table 5. Linear correlation coefficients between vitamins and anti-nutrients in the leaves of green cab-

bage (Brassica oleracea var. capitata)

Tabela5. Wspotczynniki korelacji liniowej pomigdzy zawarto$cig witaminami i substancji antyodzyw-

czch w liciach kapusty zielonej (Brassica oleracea var. capitata)

B-carotene/ | VitaminC/ | Phytate/ | Tannin/ | Oxalate/ | Cyanogenic glycoside /
B-karoten | Witamina C | Fityniany | Taniny |Sczawiany| Glikozydy cyjanogenne

B-carotene / 1

fB-karoten

Vitamin C/

Witamina C 041 .

Phytate / -

Fityniany 0.00 -0.45 1

Tannin/ -0.01 -0.10 0.10 1

Taniny

Oxalate / 0.22 -0.33 013 0.01 1

Szczawiany

Cyanogenic

glycoside /| g g 0.45% 017 | 009 | 029 1

Glikozydy

cyjanogenne

*A correlation is significant at the 0.05 level; **A correlation is significant at the 0.01 level

Conclusions

1.

(1]

(2]

This study investigated the nutritional composition, mineral, vitamin C, B-carotene
and anti-nutrient contents of green cabbage (Brassica oleracea var. capitata)
commonly consumed and grown in the Kosovo region. The study results highlight-
ed the fact that green cabbage (Brassica oleracea var. capitata) is a nutrient-rich
vegetable with great nutritional potential and health benefits.

The high content of vitamin C and B-carotene, minerals such as potassium, calcium
and magnesium, low fat and low anti-nutrient content of this green vegetable make
it an excellent source for promoting food security and a good nutritive food item.
The results from Pearson correlations suggest that increasing the nutritional quality
of green cabbage (Brassica oleracea var. capitata) is possible without increasing
the concentration of anti-nutrients.

References

Abdi F.A., Gemede H.F., Olika Keyata E.: Nutritional composition, antinutrient contents, and poly-
phenol compounds of selected underutilized and some commonly consumed vegetables in East Wol-
lega, West Ethiopia. J. Food Qual., 2022, #6942039.

Agagiindiiz D., Sahin T.0., Yilmaz B., Ekenci K.D., Duyar Ozer S., Capasso R.: Cruciferous Vege-
tables and Their Bioactive Metabolites: from Prevention to Novel Therapies of Colorectal Cancer.
Evid Based Complement Alternat Med, 2022, #1534083.



150

Arbnore Bytygi, Hyrije Koraqi, Cengiz Cesko, Bujar Qazimi, Anila Kopali, Anka Trajkovska Petkoska

(3]
(4]
(5]
(6]
(7]
(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]
[20]

[21]

Anon A.: National Institute for Health and Welfare, Nutrition Unit. Fineli. Finnish food composition
database, Release 14, 2011, Helsinki.

AOAC.: Official Methods of Analysis of the Association of Analytical Chemists International.
AOAC, (2005), Gaithersburg.

AOAC.: Official Methods of Analysis of the Association of Analytical Chemists International.
AOAC, (2006), Gaithersburg.

Arsov A., Tsigoriyna L., Batovska D., Armenova N., Mu W., Zhang W., Petrov K., Petrova P.:
Bacterial Degradation of Antinutrients in Foods: The Genomic Insight. Foods, 2024, 13(15), #2408.
Asif M.: The prevention and control the type-2 diabetes by changing lifestyle and dietary pattern. J.
Educ. Health Promot., 2014, 3, 1.

Bhardwaj RL, Parashar A, Parewa HP, Vyas L.: An Alarming Decline in the Nutritional Quality of
Foods: The Biggest Challenge for Future Generations' Health. Foods, 2024,13(6), #877.

Buckland N.J., Camidge D., Croden F., Lavin J.H., Stubbs R.J., Hetherington M.M., Blundell J.E.,
Finlayson G.: A Low Energy-Dense Diet in the Context of a Weight-Management Program Affects
Appetite Control in Overweight and Obese Women. J. Nutr., 2018, 148(5), 798-806.

Byty[li A., Koragi H., Pavlovska G., Pavlova V., Trajkovska Petkoska A.: The effect of different
methods of heat treatment of green vegetables on the mineral content. A study of five of five green
vegetables from Kosovo. Food.Scince.Technology.Quality, 2025, 32, 1(142), 46-64.

Faizal F. I., Ahmad N. H., Yaacob J. S., Abdul Halim-Lim S., Abd Rahim M. H.: Food processing to
reduce antinutrients in plant-based foods. Int. Food Res. J., 2023, 30(1), 25-45.

FAO. Anti-nutritional factors within feed ingredients. Rome: Aquaculture Feed and Fertilizer Re-
sources Information System, Food and Agriculture Organizations of the United Nations, 2018.
http://www.fao.org/fishery/affris/feed-resources-database.anti-nutritional-factors-within-feed ingre-
dients/en/. Accessed 28 Nov 2018.

Hodge C., Taylor C.: Vitamin A Deficiency. 2023 Jan 2. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing, 2025, PMID: #33620821.

Jabeen A., Mir 1.J., Malik G., Yasmeen S., Ganie A.S., Rasool R., Hakeem R.K.: Biotechnological
interventions of improvement in cabbage (Brassica oleracea var. capitata L.). Scient. Horticul.,
2024, 329, #112966.

Katuzewicz A., Bosiacki M., Fraszczak B.: Mineral composition and the content of phenolic com-
pounds of ten broccoli cultivars. J. Elem., 2016, 21(1), 53-65.

Khalid W., lkram A., Nadeem M. T., Arshad M. S., Rodrigues O., Pagnossa J. P., Al-Farga A.,
Madalitso Chamba M. V., El-Saber Batiha G., Koraqi H.: Effects of Traditional and Novel Cooking
Processes on the Nutritional and Bioactive Profile of Brassica oleracea (Kale). J. Food Process.
Preserv., 2023(1), #2827547.

Knez E., Kadac-Czapska K., Dmochowska-Slezak K., Grembecka M.: Root Vegetables-
Composition, Health Effects, and Contaminants. Int J Environ Res Public Health, 2022, 19(23),
#15531.

Liu Z., Aleman-Béez J., Visser R.G.F., Bonnem G.: Cabbage (Brassica oleracea var. capitata)
Development in Time: How Differential Parenchyma Tissue Growth Affects Leafy Head Formation.
Plants, 2024, 13, #656.

Lopez-Moreno M., Garcés-Rimon M., Miguel M.: Antinutrients: Lectins, goitrogens, phytates and
oxalates, friends or foe? Journal of Functional Foods, 2022, 89, #104938.

Lyles J.T., Luo L., Liu K., Jones D.P., Jones R.M., Quave C.L.: Cruciferous vegetables (Brassica
oleracea) confer cytoprotective effects in Drosophila intestines. Gut Microbes, 2021, 13(1), 1-6.
Mohammed A., Luka C.D.: Comparative Analysis of the Different Brassica Oleracea varieties
grown on Jos, Plateau Using Albino Rats. J. Pharma. Biol. Sci., 2013, 6(2), 85-88.



NUTRIENTS AND ANTI-NUTRIENTS ANALYSIS OF GREEN CABBAGE... 151

[22]

[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]

(34]

[35]

[36]

(37]

[38]

[39]

Nawirska-Olszanska A., Biesiada A., Kita A.: Effect of Different Forms of Sulfur Fertilization on
Bioactive Components and Antioxidant Activity of White Cabbage (Brassica Oleracea L.). Appl.
Sci. 2021, 11, #8784.

Ozogul Y., Ucar Y., Tadesse E. E., Rathod N., Kulawik P., Trif M., Esatbeyoglu T., Ozogul F.:
Tannins for food preservation and human health: A review of current knowledge. Appl. Food Res.,
2025, 5, 1, #100738.

Petroski W., Minich D.M.: Is There Such a Thing as “Anti-Nutrients”? A Narrative Review of Per-
ceived Problematic Plant Compounds. Nutrients, 2020, 12(10), #2929.

Popova A., Mihaylova D.: Antinutrients in plant-based foods: A review. J. Open Biotechnol., 2019,
13, 68-76.

Rumeza H., Zafar 1., Mudassar I., Shaheena H., Masooma R.: Use of vegetables as nutritional food:
role in human health. J. Agricult. Biol. Sci., 2006, 1, 18-22.

Ryou S. H., Cho I. J., Choi B.-R., Kim M. B., Kwon Y. S., Ku S. K.: Brassica oleracea var. capitata
L. Alleviates Indomethacin-Induced Acute Gastric Injury by Enhancing Anti-Inflammatory and An-
tioxidant Activity. Processes, 2021, 9(2), #372.

Sadler R. A., Shoveller A. K., Shandilya U. K., Charchoglyan A., Wagter-Lesperance L., Bridle B.
W., Mallard B. A., Karrow N. A.: Beyond the Coagulation Cascade: Vitamin K and Its Multifaceted
Impact on Human and Domesticated Animal Health. Curr. Issues Molec. Biol., 2024, 46(7), 7001-
7031.

Salim R., Nehvi I.B., Mir R.A., Tyagi A., Ali S., Bhat O.M.: A review on anti-nutritional factors:
unraveling the natural gateways to human health. Front Nutr., 2023, 10, #1215873.

Shemnsa A., Adane W. D., Tessema M., Tesfaye E., Tesfaye G.: Simultaneous Determination of
Mineral Nutrients and Toxic Metals in M. Stenopetala from Southern Ethiopia: A Comparative
Study of Three Cultivating Areas Using MP-AES. J. Anal. Meth. Chemi., 2024, #981995,

Singh J., Upadhyay A.K., Bahadur A., Singh B., Singh K.P., Rai M.: Antioxidant phytochemicals in
cabbage (Brassica oleracea L. var. capitata) Scient. Horticul., 2006, 108, 3, 233-237.

Singh B., Sharma S., Singh B.: Variation in mineral concentrations among cultivars and germplasms
of cabbage. J. Plant Nutr., 2009, 33(1), 95-104.

Statilko O., Tsiaka T., Sinanoglou V. J., Strati I. F.: Overview of Phytochemical Composition of
Brassica oleraceae var. capitata Cultivars. Foods, 2024, 13(21), #3395.

Sun Y., Wu J,, Yoon H.S., Buchowski M.S., Cai H., Deppen S.A., Steinwandel M.D., Zheng W.,
Shu X.0., Blot W.J., Cai Q.: Associations of Dietary Intakes of Carotenoids and Vitamin A with
Lung Cancer Risk in a Low-Income Population in the Southeastern United States. Cancers, 2022,
14(20), #5159.

Takahashi A.: Role of Zinc and Copper in Erythropoiesis in Patients on Hemodialysis. J. Ren.
Nutr.,.2022, 32(6), 650-657.

Tirasoglu E., Cevik U., Ertugral B., Apaydin G., Baltas H., Ertugrul M.: Determination of trace
elements in cole (Brassica oleraceae var. acephale) at Trabzon region in Turkey. J. Quant. Spectro.,
2005, 94, 181-187.

Turan M., Kordali S., Zengin H., Dursun A., Sezen Y.: Macro and Micro Mineral Content of Some
Wild Edible Leaves Consumed in Eastern Anatolia. Acta Agricultur. Scandina., Sec. B — Soil &
Plant Sci., 2003,53(3), 129-137.

Uuh-Narvaez J. J., Segura-Campos M. R.: Cabbage (Brassica oleracea var. capitata): A food with
functional properties aimed to type 2 diabetes prevention and management. J Food Sci., 2021, 86,
4775-4798.

Varzakas T., Smaoui S.: Global Food Security and Sustainability Issues: The Road to 2030 from
Nutrition and Sustainable Healthy Diets to Food Systems Change. Foods, 2024, 13, #306.



152 Arbnore Bytygi, Hyrije Koraqi, Cengiz Cesko, Bujar Qazimi, Anila Kopali, Anka Trajkovska Petkoska

[40] Yue Z., Zhang G., Wang J., Wang J., Luo S., Zhang B., Li Z., Liu Z.: Comparative study of the
quality indices, antioxidant substances, and mineral elements in different forms of cabbage. BMC
Plant Biol., 2024, 24(1), #187.

[41] Zuhra K., Szabo C.: The two faces of cyanide: an environmental toxin and a potential novel mam-
malian gasotransmitter. FEBS J., 2022, 289(9), 2481-2515.

ANALIZA SKEADNIKOW ODZYWCZYCH I ANTYODZYWCZYCH W ZIELONEJ
KAPUSTCE (BRASSICA OLERACEA VAR. CAPITATA)

Streszczenie

Woprowadzenie. Zielona kapusta (Brassica oleracea var. capitata) jest bardzo odzywczym warzy-
wem, oferujacym szeroka game witamin, sktadnikow mineralnych, przeciwutleniaczy oraz blonnika.
Chociaz zawiera pewne antyodzywcze substancje, takie jak goitrogeny i szczawiany, zwigzki te stanowia
na og6t minimalne ryzyko, gdy warzywo to jest spozywane jako czg¢$¢ zbilansowanej diety i w normal-
nych ilosciach. Celem tego badania byla ocena zawartosci sktadnikow mineralnych, witaminy C,
B-karotenu oraz zawartosci antyodzywczych substancji w zielonej kapuscie pochodzacej z regionu Koso-
wa.

Wyniki i wnioski. Zgodnie z przeprowadzong analiza korelacji liniowej Pearsona, wickszo$¢ wskaz-
nikow odzywczych miata odwrotny zwigzek lub nie miata zwigzku z antyodzywczymi substancjami.
Wykazano istotnie dodatnig korelacje migdzy zawartos$ciag surowego biatka a zawartoscig weglowodanow
(0,90**), oraz ujemng z zawarto$cig glikozydéw cyjanogennych (-0,90**). Ponadto, glikozydy cyjano-
genne wykazaly istotne negatywne korelacje¢ z zawarto$ciag weglowodanow (-0,44%), wapna (-0,66**)
i potasu (-0,63**). Zawartosc witamin nie korelowaly istotnie ze szczawianami i taninami, podczas gdy
taniny i fitynian nie korelowaty istotnie z odpowiadajaca im zawarto$cig sktadnikoéw mineralnych. Wyniki
wykazaly, ze zielona kapusta jest bogata w sktadniki odzywcze, co moze zmniejszy¢é wptyw niedoborow
mikroelementow. Ponadto wyniki wskazaly, ze zielona kapusta ma niskg zawarto$¢ thuszczu i substancji
antyodzywczych, ale jest bogata w potas, magnez i wapn, ktore sa korzystne dla zdrowia cztowieka.

Stowa kluczowe: kapusta zielona (Brassica oleracea var. capitata), sktadniki mineralne, witaminy, sub-
: ; N7
stancje antyodzywcze



