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Tath Patates ve Golevezin Bazi Biyoaktif Bilesenleri: Bitki Organlarina Dayal Karsilastirmal Bir Cahsma

Berk Can YILDIZ?, Emir Furkan DEMIR?, Fatih HANCI*
One Cikanlar: OZET:

e Alternatif tarirm
irinleri

* Fonksiyonel Gidalar

e Yerel sebze tiirleri

Bu calismada, Tiirkiye'de lokal olarak yetistirilen tatli patates ve goélevez bitkilerinin farkli
organlarinin biyoaktif bilesenlerinin degiskenligini ve dagilimim degerlendirmek amaciyla
yuriitilmistiir. Bu iki tiirin farkli organindan (tatli patatesin yumru ve yapraklar; gdlevezin
yapraklari, yaprak saplari, ana yumrulanni ve lateral yumrulari) ekstrakte edilen orneklerde
degerlendirmeler yapilmistir. Calismada iki farkli tiiriin ve 6rnek alinan organlarinin toplam suda
¢ozilebilir protein, toplam flavonoid, toplam fenolik, H,O, giderme kapasitesi, toplam karotenoid,
FRAP antioksidan kapasitesi, CUPRAC antioksidan kapasitesi ve toplam kuru madde parametreleri

Anahtar Kelimeler:
* Antioksidan

: Elean\?e::llf)i d ol¢iilmiistiir. Incelenen tiim parametreler igin organ ortalamalar arasindaki fark istatistiksel olarak
. Golevez anlamli bulunmustur. Genel olarak her iki tiirin yapraklari toplam kuru madde ve CUPRAC

antioksidan kapasitesi digindaki tiim parametreler igin en yiiksek igerige sahip bulunmustur. Ayrica
parametrelerin gen havuzundaki varyasyonu agiklamadaki etkinligi temel bilesenler analizi
kullanilarak incelenmistir. HoO, giderme kapasitesi, toplam kuru madde igerigi ve CUPRAC
antioksidan kapasitesi digindaki tiim parametreler varyasyona yiiksek katki yapmustir. Elde edilen
bulgulara goére, bu iki tiir ve organlar arasinda yiiksek varyasyon oldugu anlagilmistir. Bu sonuglar,
ileride bu iki tiir ile ilgili yapilacak caligmalara yol gosterici olacaktir.

» Tatli patates

Some Bioactive Components of Sweet Potato and Taro: A Comparative Study Based On Plant Organs

Highlights: ABSTRACT:
« Alternative

agricultural crops
» Functional foods
» Local vegetable

This study was carried out to evaluate the variability and distribution of bioactive components of
different organs of sweet potato and taro plants grown locally in Turkey. Samples extracted from
different organs of these two species (tubers and leaves of sweet potato; leaves, petioles, main
tubers, and lateral tubers of taro) were evaluated. Total water-soluble protein, total flavonoids, total

SPecies phenolics, H;O, scavenging capacity, carotenoids, FRAP antioxidant capacity, CUPRAC
Kevwords: antioxidant capa(_:ity, and total dry matter parameters of two different species a_nd their organs were
—\L. Antioxidant njea_su_red. The difference between the organ averages for all parameters examined was statistically
«  Phenolic significant. In general, leaves pf t_)oth species had the hlghe§t content for all parameterjs except_tqtal
. Elavanoid dry_ m_atte_r and CUPRAC antioxidant cap_acny. The effecfuveness of the parame_ters in explaining
. Taro variation in the gene pool was also examined using principal component analysis. All parameters

contributed highly to the variation except H.O- capacity, total dry matter content, and CUPRAC
antioxidant capacity. According to the findings, there is a high variation between each species and
between the organs. These results will guide future studies on these two species.
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INTRODUCTION

After grains and legumes, roots and tubers are the third most significant food crop. Cassava
(Manihot esculenta), potatoes (Solanum tuberosum), yams (Dioscorea alata), and sweet potatoes
(Ipomoea batatas) have the highest production values (Afzal et al, 2021). To meet the Global Sustainable
Development Goals (SDGs) 1.0, 2.0, and 7.0, small farmers must invest in root and tuber crops that
supply both food and energy at a low environmental cost (such as sweet potatoes) (Rukundo et al., 2020).

The sweet potato (. batatas), a member of the family, originates from Latin America. Although
there is no definite information about its entry into Turkey, it is stated that it was first brought by
immigrants from Crete in the early 20" century (Caliskan et al., 2007). Today, varieties with different
skin and inner colors are grown in the southern provinces of Turkey with names such as HatayNative,
HatayRed, Carrot, Kalem and YellowPotato. Sweet potato is an important source of income for
smallholder producers in Turkey. Sweet potato production is generally carried out as a small-scale family
business, but it can provide high returns to the producer (Caligkan et al., 2011). Above-ground leaves
and branches of sweet potato are also used in animal nutrition. Sweet potato, which is widely produced
in countries such as China, Vietnam, Indonesia, Philippines, Papua New Guinea, Cuba, Uganda, is an
important industrial plant in terms of starch and alcohol raw material and has an important place in
human nutrition (Geren et al., 2010). The sweet potato, one of the oldest known vegetables to mankind,
has been cultivated for over 10000 years and has evolved into many morphological types, creating a
wide genetic diversity for many of the desirable agronomic traits (Ugent and Peterson, 1988).

The total tuber production of sweet potato, which is widely grown in 107 countries in the world,
is 88867913 tons in 2021. This production took place in an area of 7410026 ha. The highest production
was in Chine with 47621146 tons and Malawi with 7449971 tons.

Sweet potato, an important representative of tropical root crops with high utilization potential, is
currently an underutilized resource in developing countries. Sweet potato has a wide range of uses and
can be used for both human and animal nutrition. In addition, its starches are reported to be a source of
industrial raw materials. (Tian et al., 2005). Sweet potatoes contain a wide range of phytochemicals with
antioxidant capacity (flavonoids), antinyctalopia  / xerophthalmia (carotenoids),
hepatoprotective/spasmolytic (scopoletin), and antibacterial (friedelin), among other health benefits
extensively documented by others (Albuquerque et al., 2019; Petropoulos et al., 2019). Although the
control of these processes is undoubtedly related with synergistic actions owing to the phytochemicals
present, carotenoids and polyphenolic compounds have piqued the scientific community's interest due
to their quantity and diversity in sweet potato (Escobar-Puentes, 2022).

Taro is a broad-leaved, flowering, tropical/semi-tropical tuberous plant from the Araceae family
(Kristl et al., 2016). Taro is also known by names such as old cocoyam, eddoe dasheen or kolakas,
sunchoke. However, the most widely used name around the world is "taro". It is an annual herbaceous
plant with a wide wing on the long petioles that come out vertically. Petioles emerge from the growth
buds at the top of the tubers. These tubers are underground. Tubers are cylindrical or spherical in shape.
Nodules emerge from the sides to surround the tubers (McCartan et al., 1996). The leaves of the gorge
are in the shape of an elephant's ear. Botanically, the tubers are known as "corm™ and the tubers "cormel”.

Fukushima et al. (1962) and Strauss (1983), tavern is a starchy plant class and consists of 5
lineages. It has two main groups according to tuber development. Of these, there is C. esculenta
antiquorum bears one small main tuber and several tubercles around it. esculenta var. esculenta produces
one large main tuber and several tubers (Agbor-Egbe and Rickard, 1990). The total tuber production of
taro, which is widely grown in 46 countries in the world, is 12,396,248 tons in 2021. This production
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took place in an area of 1,793,703 ha. Most of the production is in Africa, Asia, and the Pacific Islands.
The highest production was in Nigeria with 3,216,116 tons and Ethiopia with 2,106,018 tons
(Anonymous, 2023).

In Turkeys, it is locally grown and consumed in the coastal areas of Anamur and Bozyaz districts
of Mersin province and Alanya and Gazipasa districts of Antalya province. It is easily grown in wetlands
and riverbeds where the temperature does not fall below 0°C, the altitude is low, irrigation facilities are
suitable, the ground water is high, saturated with water. The coastal areas of the Mediterranean, Aegean
and Marmara regions have suitable conditions for taro cultivation.

Since raw taro tuber contains various substances that irritate the digestive tract, excessive
consumption can be harmful to human health (G6hl, 1981). Since the tuber contains calcium oxalate
crystals, it gives a bitter and unpleasant taste. Therefore, it is necessary to melt these crystals by cooking.
In countries with intensive cultivation, starch-filled tubers, and secondary tubers, developed leaves and
bleached petioles are widely consumed in culinary culture (Ochse, 1931; Lind and Barrau, 1946;
Plunknett et al., 1970). In these countries, taros’ tuber and secondary tubers are peeled and boiled, like
potatoes (De Vries et al., 1967).

In Turkey, taro tubers and their secondary tubers are harvested at the beginning of winter and are
the favorite food of that period. Traditionally, the addition of sour, such as sumac and lemon, makes the
flavor of boiled tubers more appealing. The leaves are also boiled and wrapped (Sen et al., 2001). It is
known that vitamin A and C deficiency is seen in countries that meet their carbohydrate needs from
cereals in their nutrition system. Since sweet potato storage roots contain high levels of vitamins A and
C, it is reported that if it is included in the nutrition system, it will eliminate the deficiency of these
vitamins (Kapinga et al., 2009). Other phytochemicals with a range of biological activity, as well as
nutritional and antinutritional elements, make up the taro's underlying food consistency qualities Kapoor
et al., 2021). According to Padhan and Panda (2020), phytochemicals that have health-improving
benefits are referred to as nutritional factors, while those that have the opposite effect are known as
antinutritional factors. It is considered important to cultivate sweet potato and taro, which are important
sources of income for small farmers, have very low input costs under favorable conditions, and have
high nutritional values, as alternative crops in different regions of Turkey.

The hypothesis of this study is that some biochemical contents of sweet potato and taro plants,
which are new alternative for small farms, vary between organs. The purpose of this study was to assess
the variability and distribution of bioactive components in sweet potato and taro leaf, stalk, and storage
root. This data will be utilized to develop consumption strategies for the content and profile of some
bioactive compounds found in sweet potato and taro, which will improve its usage as a functional food.

MATERIALS AND METHODS

In the study, sweet potato and taro plants sampled from the Bozyazi/Mersin provinces of Turkey
were used as plant material. None of these plants are commercial varieties and have been grown in small
sections of farms. Main tubers, secondary tubers, stems, and leaves of taro flowers have been used in the
study. For candy potato, tuber and leaf samples were analyzed. The technique of Yuan et al. (2012) was
applied for leaf analysis. For leaf analysis, all leaves of the vegetation besides the backside two leaves
have been collected before harvesting. These leaves had been dried at room temperature for 10 days and
ground into powder in an herb grinder. The samples, which were kept in 60% ethanol two instances for
two hours, have been kept at 50°C till the weight loss stopped. Jantaharn et al., (2018) approach used to
be used to preparation of tuber, and stalk samples. All the leaves, stalks, and tubers on seven vegetation
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have been accumulated at some point of the harvesting period. In the study, analyses were held in a
randomized block sketch with 6 replications.

The protocol described by Danilcenko et al. (2017) was used to prepare samples for analysis of
tubers. They were cut into 5 mm thick pieces after being totally freed from the dirt. Following a 24-hour
period of complete drying at 60°C, the samples were ground into a powder in an herb grinder. Each
organ’s 3 g of powder sample was homogenized for 2 minutes with 25 ml of pure methanol before being
stored at +4°C for 16 hours. For examination, the supernatant from the samples was removed,
centrifuged for 20 minutes at 10000 rpm, and then refrigerated at -20°C (Thaipong et al. 2006). The
antioxidant capacity was assessed using the ferric reducing antioxidant power technique (FRAP) (Zhang
et al., 2013) and the copper (I1) ion reducing antioxidant capacity determination (CUPRAC) method
(Giiglii et al., 2006). To calculate the total quantity of gallic acid equivalent (GAE) phenolic compounds,
Singleton and Rossi’s (1965) Folin-Ciocalteu technique was applied. The total quantity of flavonoids as
Quercetin equivalent (Q) was calculated using the technique described by Zhishen et al. (1999). The
capacity to remove hydrogen peroxide (H202) has been determined using the method proposed by Ruch
et al., in 1989. The quantity of soluble protein was calculated using a technique described by Lowry et
al. (1951). The ANOVA test was used to assess the significance of the data's variance. Results across
groups were compared using the least significant difference (LSD) test in cases where there were
significant differences. To determine the connection between each independent variable, the Pearson
correlation test was used.

RESULTS AND DISCUSSION

The differences between the results obtained for all measured parameters were statistically
significant (p<0.01). The findings and statistical groupings obtained in the study are shown in Figures 1
and 2. According to the findings, sweet potato leaves have the highest total carotenoid concentration
(1170.667 mg/g), followed by taro leaves (618.406 mg/g). The carotenoid content of sweet potato leaves
was 2.87 times higher than that of tubers of the same plant. A similar situation was also found in the taro
plant. The carotenoid content of the leaves was 2.02 times higher than the main tuber; 3.93 times higher
than the petioles; and 8.07 times higher than the secondary tubers. In terms of H.O> scavenging capacity,
the variation between both species and their organs was relatively small. Taro leaves and petioles had
the highest results for this parameter and were statistically in the same grouping (53.863% and 53.712%,
respectively). The tuber of taro and the leaves of sweet potato had the lowest values compared to the
others (50.114% and 47.059% respectively). The leaves of both plants ranked the highest in terms of
total phenolic matter content. This value was 45.338 GAE mg/g for sweet potato leaves and 36.291 GAE
mg/qg for taro leaves. The phenolic content of the main and lateral tuber of taro was found to have the
lowest value compared to the other parts examined (12.429 GAE mg/g and 10.841 GAE mg/g). The
ranking of the species and organs analyzed according to total flavonoid amounts was the same as for
total phenolic matter. However, for this parameter, the variation between different organs of the same
species was much wider than for phenolic matter. In fact, the total amount of flavonoids in sweet potato
leaves was 6.24 times higher than in tubers (296.619 Q mg/g and 47.571 Q mg/g, respectively).
Similarly, the total flavonoid value obtained from the leaves of taro is 8.08 times higher than that of the
main tubers and 12.46 times higher than that of the secondary tubers. Plant extracts' antioxidant activity
may be assessed using a variety of techniques, but no single standard has been established due to the
extracts' complexity. To assess the antioxidant activity in the various parts of the two species, the
CUPRAC radical scavenging test and FRAP assay were utilized in the current investigation. As a result
of FRAP analysis, the highest value was obtained in the leaves of sweet potato (63.052 mM Trolox / g).
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It was followed by the leaf values of taro (60.158 mM Trolox / g). In the CUPRAC results, the reverse
order was observed. As a result of this analysis, the tubers of sweet potato and the main tuber of taro had
the highest values (0.177 mM Trolox / g and 0.141 mM Trolox / g, respectively). Another prominent
result is that the secondary tubers of taro had the lowest value in both antioxidant capacity determination
methods. As in the case of total flavonoids and total phenolic substances, the leaves of both species were
found to have higher soluble protein content than the other organs. The lowest values of soluble protein
were obtained from the main and lateral tubers of taro (12.032 mg/g and 8.582 mg/g, respectively).
Except for the stems of taro, the dry matter percentages of all plant organs examined were close to each
other. The highest dry matter percentage was obtained from the leaves of sweet potato plant (22.871%).

T. Carotenoid (mg/g) H202 Scavenging Cap.

T. Lateral Tuber 76.611 f T. Lateral Tuber 52.876 ab

T. Stalk 157.542e T. Stalk §3.712a

T. Leaves 618.406 b T. Leaves 53.863a

T. Main Tuber 305.152d T. Main Tuber 50.114b

S.P. Leaves 1.170.667a S.P. Leaves 47.059¢

S.P. Tuber 407.281 ¢ S.P. Tuber 51.225.
0 200 400 600 800 1000 1200 1400 46 48 50 5 54 56
T. Phenolic (GAE mg/g) T. Flavanoid (Q mg/g)

T. Lateral Tuber 1084l e T. Lateral Tuber 17.571e

T. Stalk 29.466 ¢ T. Stalk 43.762 ¢

T. Leaves 36.291 b T. Leaves 219.000 b

T. Main Tuber 12.429d T. Main Tuber

S.P. Leaves 45.339a S.P. Leaves 296.619 a

S.P. Tuber S.P. Tuber 47571 ¢

0 10 20 30 40 50 0 50 100 150 200 250 300 350

Figure 1. Total carotenoids, total flavonoids, total phenolics, and H202 scavenging capacity of the samples analyzed. T: Taro,
S.P: Sweet potato. The differences between the values indicated with different letters for each parameter are statistically significant
(p<0.01)

Following the results obtained were standardized, the effectiveness of the investigated parameters
in describing the variation in the gene pool was assessed using principal component analysis. Two of the
five main components have been shown to have eigenvalues larger than "1" (Table 1). 81.293% of the
total variance was explained by the first two main components. To assess the degree of influence in
explaining the variance of each analyzed parameter, parameters with an Eigen value larger than |0.3]
were taken into consideration among the first two main components (Table 1). Total phenolic content,
H>0O> removal capacity, antioxidant capacity determined by FRAP, total flavonoid, dry matter, and
soluble protein were found to be the most significant factors in this context's first principal component,
which explained 62.361% of the total variation. In this context, in the first principal component
(explaining 62.361% of the total variation), total phenolic amount, H.O>, removal capacity, antioxidant
capacity based on FRAP, total flavonoid, dry matter, soluble protein were found to be the most effective
parameters in explaining the variation.
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FRAP (mM Tloroks/ g) CUPRAC (mM Trolox/g)

T. Lateral Tuber 16211 e T. Lateral Tuber 0.117d

T. Stalk 33842 ¢ T. Stalk 0.133 ¢

T. Leaves 60.158 b T. Leaves 0.131 ¢

T. Main Tuber 23.4914 T. Main Tuber 0.141 b

S.P. Leaves 63.0532) S.P. Leaves

S.P. Tuber 16.561e S.P. Tuber 0.177 a
0 10 20 30 40 50 60 70 0.1 0.12 0.14 0.16 0.18
Soluble Protein (mg/g) Dry Matter %
T. Lateral Tuber 8.58 f T. Lateral Tuber 19.58 be

T. Stalk T. Stalk

T. Leaves 3523a T. Leaves

T. Main Tuber T. Main Tuber

S.P. Leaves 3391b S.P. Leaves 22.87

S.P. Tuber S.P. Tuber

0 5 10 15 20 25 30 35 40 5 10 15 20 25
Figure 2. Antioxidant capacity (FRAP and CUPRAC), soluble protein and dry matter amount of the samples analyzed. T: Taro,
S.P: Sweet potato. The differences between the values indicated with different letters for each parameter are statistically significant
(p<0.01)

When the positioning of the studied plant species and organs in the plane of basic coordinates is
evaluated in accordance with the eigenvalues of the first two basic components, it can be observed that
the tubers of the sweet potato and taro are situated in locations that are relatively dissimilar from the
others. As with other parameters, FRAP, total phenolic content, and soluble protein value are found in
more remote regions when the distribution of the measured characters is examined.

Table 1. Eigen values of each trait

PC1 PC2 PC3 PC4 PC5
Eigenvalue 4,989 1.565 0.996 0.393 0.057
Variance (%) 62.361 19.562 12.454 4.916 0.707
T. Carotenoid 0.434* -0.174 0.098 -0.111 0.009
H,0, Scavenging Cap. -0.246 0.582* -0.017 0.650* 0.229
T. Phenolic 0.393 0.239 0.305* -0.237* 0.655*
T. Flavonoid 0.444* 0.049 -0.054 0.147 0.100
FRAP 0.414* 0.253 -0.136 0.086 -0.618*
CUPRAC -0.169 -0.100 0.915* 0.109* -0.255
S. Protein 0.414* 0.223 0.188 0.275 -0.164
Dry Matter 0.167 -0.669* -0.060 0.627* 0.189

According to Tumwegamire et al.’s (2011) study, sweet potato tubers range in dry matter ratio
from 19.4% to 39.3%. According to our research, the average total dry matter ratio of sweet potatoes
was 22.871% for the leaves and 19.23% for the tubers. This finding agrees with the research done by
Tumwegamire et al. (2011). According to Lebot et al. (2004), the taro tuber's dry matter percentage was
27.09. In research involving 40 taro varieties in India, Angami et al. (2015) reported that the dry matter
of the tubers ranged between 17.17% and 27.50%. The dry matter of the taro used in this study was
19.976% for the main tubers and 19.577% for the lateral tubers. There is agreement among others
consequently.
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Component 2
2.07
T. Stalk

1.51

202 Scavenging Cap. T. Leaves

1.0{

| FRAP
831 S. Protein

0.0+ T Flavanoid

CUPRA!

-0.5{ . T. Carotenoid
] T. Lateral Tuber

S.P. Tuber S.P. Leaves*

*T. Main Tuber
-1.51 Dry Matter

-3.00 -2.25 -1.50 -0.75 0.00 0.75 1.50 225 3.00 3.75
Componenet 1

Figure 3. Distribution of the analyzed parameters and the evaluated plant material in principal component coordinates

According to Cartier et al. (2017), the total flavonoid concentration of sweet potato tubers ranges
from 5.75 mg/g to 84.4 mg/g. The same study revealed that the total phenolic content ranged from 1,40
to 11.50 mg/g. These results are comparable in terms of total flavonoid substance (47.571 mg/g), even
if they are lower than the total phenolic substance values found in our study (28.407 mg/g). In another
study examining the total amount of phenolic substances in sweet potato tubers, it was reported that this
value varied in a wide range of 30.73 to 492.89 in 10 different genotypes (Sun et al., 2019).

According to Akyiiz (2019), the taro tuber extract contains a total phenolic content of 2,4 mg/g
and a flavonoid level of 2.05 mg/g. The overall concentration of flavonoids and phenolic mattes was
found to be much greater in our investigation (12.429 mg/g and 27.095 mg/g, respectively) than in that
study.

Seven distinct sweet potato cultivars' carotenoid content was examined by Islam et al. in 2016. In
the entire study, the samples' results ranged from 1.02 to 61.95 mg/g (with an average of 18.74 mg/g).
This value was determined in our investigation to be 16.561 mg/g.

CONCLUSION

This study provided new information on some biochemical composition in sweet potato and taro
plants. In terms of chemical structure, phenolic compounds, and antioxidant capabilities, two species
and their organs showed significant variances. Since many factors, including treatment after harvest,
location, genetic divergence, season, temperature, and storage, affect biochemical content in plants,
more research is required to identify the critical variables that affect the overall and specific biochemical
properties of local sweet potato and taro to increase their productivity and nutritional value. The two
species used in the study have reached great economic value in some parts of the world but are not yet
widely produced in Turkey. However, changing climatic conditions and emerging trends towards
different products in the food spectrum indicate that these two species may increase their market value
soon. In this study, high variation in terms of biochemical content was found both between the two
species and between the organs. These results will guide future studies on these two species.
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