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Ipomoea batatas (L.) Lam. (sweet potato) is a popular food crop that is planted vegetatively and native 
to the American tropics. It is one of the most economically important crops alongside other that widely 
used in the world. This study was aimed to investigate the biochemical composition of plant raw 
material of I. batatas in conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine. 
It was investigated the leaves, stems, and tubers at the end of vegetation. The content of dry matter, 
lipids, the total content of reducing sugars, tannins, titrable acidity, ascorbic acid, ß-carotene, total ash 
content, calcium, phosphorus, and the energetic value were detected. At the end of vegetation content 
of dry matter was from 13.00 to 25.45%, the total content of sugars from 12.32 to 34.43%, the titratable 
acidity from 1.82 to 5.48%, the tannin content from 0.82 to 6.96%, ascorbic acid content from 34.1 to 
53.34 mg%, the content of ß-carotene from 0.238 to 0.641 mg%, lipids content from 1.89 to 6.93%, 
total ash content from 2.1 to 11.99%, calcium content from 0.53 to 1.86%, phosphorus content from 
0.51 to 1.81%. The energetic value was in the range 3,242–3,623 Cal/g. Very strong positive correlation 
found between total tannin content and ash (r = 0.952), ß-carotene content and phosphorus (r = 0.919), 
total tannin content and titrable acidity (r = 0.845), ß-carotene content and lipids (r = 0.837). Plant 
parts of I. batatas contain functional and nutrient components that make it useful for the food industry. 
Obtained data can be used for the deep further biochemical, pharmacological study, and selective work. 
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Introduction
Ipomoea batatas L. (Lam.) (sweet potato) belongs to the Convolvulaceae family is widely 
grown in tropical, subtropical, and warm temperate regions. It is widespread forage (Ruiz 
et al., 1980; Nguyen et al., 2004), food (Ababukar et al., 2010), medicinal, ritual, agricultural 
(Meira et al., 2012) crop in the world. 

This plant has different pharmacological activities such as antioxidant, antiviral, anti-
inflammatory, hepatoprotective, gastroprotective, and immunomodulatory effects (Panda and 
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Sonkamble, 2012). The antidiabetic potential I. batatas caused its bioactive compounds and 
isolated antidiabetic agents have a unique mechanism of action (Kusano et al., 2001; Akhtar 
et al., 2018). The most common biologically active compounds from Ipomoea spp. are ergoline 
alkaloids, indolizidine alkaloids, nortropane alkaloids, phenolic compounds, coumarins, 
norisoprenoids, diterpene, isocoumarin, glycolipids, lignan, triterpenes, etc. (Meira et al., 
2012).

The study of the biochemical composition of leaves indicated the presence of amino acids 
(Ravindran et al., 1995), anthocyanin, polyphenols, vitamins, protein (Islam et al., 2002). 
The study of mineral composition of I. batatas tubers demonstrated the presence of iron 
(0.53–0.73 mg per 100 g), zinc (0.23–0.27 mg per 100 g), calcium (23.04–29.97 mg per 
100 g), magnesium (21.30–25.40 mg per 100 g), phosphorus (42.0–46.33 mg per 100 g), 
potassium (308.67–328.67 mg per 100 g), and sodium (29.0–34.0 mg per 100 g) (Sanoussi 
et al., 2016a).

According to Ababukar et al. (2010), the protein content in sweet potato leaf decoction was 
12.41%. This plant is a good source of dietary antioxidants (Alam et al., 2016). Leaf, stem, 
and root extracts of I. procumbens demonstrated the antioxidant and antimicrobial activity 
(Batiga et al., 2019). The essential oil from leaves of I. batatas contains monoterpenes, 
sesquiterpenes, diterpenes, abietadiene, β-caryophyllene, abieta-8, 11, 13-triene, trans-
(Z)-α-bergamotol, cis-sabinen, etc. (Ogunmoye et al., 2015). Sweet potato can be used for 
bioethanol production (Swain et al., 2013). The influence of nitrogen fertilizer on biochemical 
parameters of I. batatas studied and it was indicated increasing of β-carotene and crude 
protein at 40-80 kg N/ha (Ukom et al., 2009).

This study aimed to determine the peculiarities of biochemical compound accumulation 
in raw of two varieties of Ipomoea batatas (L.) Lam., which were grown in M. M. Gryshko 
National Botanical Garden of the NAS of Ukraine. 

Materials and methodology

Biological material
This study investigated two varieties of Ipomoea batatas (L.) Lam. (f. 1 and f. 3). Plants 
collected from the experimental collection of the Department of Cultural Flora in M.M. 
Gryshko National Botanical Garden of the NAS of Ukraine (NBG) at the end of vegetation (at 
the beginning of October) during 2018–2019. Biochemical analyses were conducted in the 
laboratory of Department Cultural Flora of NBG. All investigated plants are annual.

Biochemical analyses

Dry matter determination
Plant samples were dried in a drying oven at 105 °C till constant weight in aluminum boxes. 
Results are given in percentages (Yermakov et al., 1972). 



– 103 – 

Vergun, O., Rakhmetov, D., Rakhmetova, S., Fishchenko, V., Shymanska O. 
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 101–111

The total content of sugars determination
The total content of sugars was investigated by Bertrand‘s method in water extracts. 4 g of 
fresh mass mixed and homogenized with distilled water (approximately 50 ml) in the 100 
ml test-tubes and heated in the water bath at 70 °C during 15–20 min. After cooling in the 
obtained mixtures added 1 ml of the phosphate-oxalate mixture. After this was added 1.5 ml 
of lead acetate. The obtained mixture brings to the mark (100 ml) with water. After filtration 
from the obtained solution took 50 ml and mixed with 8 ml of 20% HCl (at the 70 °C in a water 
bath for 5 min) and after cooling was neutralized by 12% NaOH and brought to the mark 
by distilled water (100 ml). 3 ml of obtained solution mixed with 6 ml of Fehling’s solution 
reagent (6 min boiling in the water bath). Obtained mixture analyzed for the total content of 
sugars. Results are given by percentages (Hrytsajenko et al., 2003). 

The total content of ascorbic acid
Determination of ascorbic acid content conducted by method offered by K. Murri. 2 g of fresh 
mass mixed with 50 ml of 2% oxalic acid. Obtained mixture put into the dark for 20 min. 
Content of ascorbic acid of obtained extracts determined by a 2.6-dichlorophenol-indophenol 
method that is based on the reduction properties of ascorbic acid. Obtained results were 
expressed in the mg% DW (Hrytsajenko et al., 2003). 

The total content of ß-carotene
The concentration of total carotene determined according to Pleshkov (1985) using extraction 
with rubber solvent (petrol). 1 g of absolutely dried raw mixed with 20 ml of Kalosha petrol for 
2 hours. After this obtained filtrate measured spectrophotometrically at the wavelength 440 
nm at the Unico spectrophotometer. Obtained results expressed in mg% DW. This parameter 
is determined in the leaves and stems.

The total content of tannins
The content of tannins was determined with indigo carmine as an indicator (Yermakov et al., 
1972). 5 g of fresh mass mixed with distilled water (approximately 50 ml) in 100 ml taste-
tubes. Obtained mixture heated in the water bath at 70 °C for 2 hours. After cooling, adding 
water to the 100 ml, and following filtration 10 ml of filtrate used for the determination of the 
total content of tannins. This procedure used 700 ml distilled water and 25 ml of 1% solvent 
of indigo carmine. Obtained results expressed in %.

The total content of organic acids
The total content of organic acids is determined with phenolphthalein and results calculated 
with a malic acid coefficient (Krishchenko, 1983). 10 ml of filtrate (the same procedure 
described for the determination of total content of tannins) titrated with 1 N solvent of NaOH 
in presence of phenolphthalein. Obtained results expressed in percentages. 

The total ß-content of lipids
The total content of lipids is determined using the Soxhlet extractor. Dried raw was extracted 
with petroleum ether (boiling temperature 40–60 °C) according to Yermakov et al. (1972). 
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The total content of ash, calcium, and phosphorus
The total content of ash is determined by combustion in the muffle-oven at 200–500 °C for 
3 days considering the mass before and after combustion (Hrytsajenko et al., 2003). After the 
combustion procedure ash was used to determining calcium and phosphorus content. Total 
calcium content was detected by Trilon-B titration (Hrytsajenko et al., 2003). Phosphorus 
content determined dissolving ash in the nitric acid (1 : 5), after the routing procedure with 
adding molybdenum reactive, mixtures were titrated with sodium hydroxide (Pochinok, 1976). 

Energetic value
The procedure of caloricity measurement conducted using calorimeter IKA C-200 (Germany). 
0.1–0.2 g of dried plant raw material was combusted in an oxygen bomb for approximately 
15 minutes.

Statistical analysis
The mean values of three replicates and the standard deviation are given. Data submitted with 
ANOVA and differences between means compared using the Tukey-Kramer test (α = 0.05). 
Correlation analysis performed using Pearson’s criterion. 

Results and discussion
The biochemical composition study of crops is a very important part of investigations to 
evaluate nutrition value. Among other parameters, should be highlighted dry matter content 
(Shipley and Vu, 2002) and the total content of sugars that also play a significant role in plant 
tolerance to stress factors (Sami et al., 2016). The content of dry matter was from 13.00 to 
25.45% depending on the plant part (Figure 1). 

Figure 1 The total content of sugars and dry matter of the plant raw material of Ipomoea batatas (L.) 
Lam. at the end of vegetation (means in columns followed by different letters are different at 
p <0.05. Each value represents the mean of three independent experiments (±SD))
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The most value of dry matter found in the tubers of I. batatas. Also, tubers accumulated the 
most sugars comparing with other plant parts, while leaves had the least content of it. At all, 
the total content of sugars was 12.32–34.43%. 

A study of the chemical composition of sweet potato dishes showed that the content of moisture 
in leaf soup varied from 35.15 to 70.54% and carbohydrate content was 25.74–70.00% 
(Ababukar et al., 2010). According to Dinu et al. (2018), the dry matter content of sweet 
potato blades and petioles were 16.0–18.5 and 12.3–16.0%, respectively. Also, it was reported 
that reducing sugars content was 23.80–51.91%, depending on the cultivar and plant part. As 
reported Hossain et al. (2019), the dry matter content of three I. batatas varieties detected 
from 30.3 to 34.5%, sugars from 10.61 to 11.82%. Nascimento et al. (2015) reported that total 
carbohydrates content in tubers was 41.08–73.43%. According to Ravindran et al. (1995), dry 
matter content of I. batatas cultivars was in a range of 30.6–37.2%.

The ascorbic acid content one of the important parameters to evaluate the nutritive quality 
of plant raw material. Ascorbic acid as a biochemical compound acts as an enzyme cofactor, 
as a radical scavenger, and as a donor/acceptor on electron transport either at the plasma 
membrane or in the chloroplasts (Davey et al., 2000). The raw of f. 1 ascorbic acid accumulated 
in the range 34.1–53.34 mg% and f. 3 in a range of 18.86–64.03 mg% (Figure 2). Carotenoids 
are natural pigments, including ß-carotene, lycopene, lutein, etc. Among the carotenoids, the 
ß-carotene one of the most widespread groups of secondary metabolites with high bioactivity 
(Bogacz-Radomska and Harasym, 2018). The content of ß-carotene in our study was 0.238–
0.641 mg% for both varieties. 

Figure 2 The content of ascorbic acid and ß-carotene in the plant raw material of Ipomoea batatas (L.) 
Lam. at the end of vegetation, mg% (means in columns followed by different letters are different 
at p <0.05. Each value represents the mean of three independent experiments (±SD))

Alam et al. (2016) reported the total content of carotenoids in different I. batatas varieties 
from Bangladesh was from 0.38 to 7.24 mg%. According to Dinu et al. (2018), carotene content 
in the blade and petiole extracts was 23.80–25.05 and 16.39–16.60 mg%, respectively. Sweet 
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potato leaves accumulated ascorbic acid content of 3.56–5.96 mg% that is approximately 10 
times less than our study. As reported Nascimento et al. (2015), the total carotenoid content 
in tubers was 3182.0 µg per 100 g. Sri Lankan cultivars had an average sugars content of 6 g 
per 100 g DW (Ravindran et al., 1995).

The most content of tannins in the raw of investigated I. batatas identified in the leaves and 
the least in the tubers % (Figure 3). At all, tannins accumulated in a quantity of 0.82–6.96%. 
Titrable acidity is determined from 1.82 to 5.48%, depending on the plant part and variety. Li 
et al. (2017) found that tannin content for different cultivars of sweet potato was 2.28–4.46 
mg per 100 g. 

The total lipid content in different parts of I. batatas plants was in the range of 1.89–6.93% 
(Figure 3). 

Figure 3 The content of tannins, titrable acidity, and lipids in the plant raw material of Ipomoea batatas 
(L.) Lam. at the end of vegetation (means in columns followed by different letters are different 
at p <0.05. Each value represents the mean of three independent experiments (±SD))

The highest content of it is identified in the leaves of f. 3 plants. Lipids are important biochemical 
compounds that play numerous biological functions and accumulated in the seeds (Vergun et 
al., 2017), leaves, stems, rhizomes (Andrushchenko et al., 2018), tubers (Ramadan and Oraby, 
2016), etc.

The fat content in tubers of 16 cultivars of Sri Lankan sweet potato was in a range of 1.07–2.14 
g per 100 g DW (Ravindran et al., 1995). The fat content of I. batatas dishes ranged from 0.30 
to 3.88% and tannin content from 0.22–0.86 mg per 100 g (Ababukar et al., 2010). According 
to Nascimento et al. (2015), fat content in the sweet batatas tubers was 0.19–4.50% and 
proteins 0.58–2.53%.

The most content of ash among investigated varieties of I. batatas found in the leaves and 
the least in the tubers (Figure 4). At all, the total content of ash was from 2.1 to 11.99%. The 
concentration of calcium was from 0.53 to 1.86% and phosphorus from 0.51 to 1.81%. As 
reported Ravindran et al. (1995), the calcium content in tubers of these plants was 89–239 mg 
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per 100 g DW and phosphorus 148–226 mg per 100 g DW. According to Ababukar et al., 2010, 
the ash content of sweet potato dishes varied from 1.13 to 8.83%, and the concentration of 
calcium was determined from 19.19 to 27.99 mg per 100g. Ash content in tubers, as reported 
Nascimento et al. (2015), was 0.85–1.29% depending on cultivar. 

The energetic value was identified in the leaves and stems and was from 3242 to 3623 Cal/g. 

Figure 4 The content of ash, calcium, phosphorus, and energetic value in the plant raw material of 
Ipomoea batatas (L.) Lam. at the end of vegetation (means in columns followed by different 
letters are different at p <0.05. Each value represents the mean of three independent 
experiments (±SD))

Very strong positive correlation found between carotene content with lipids (r = 0.837), and 
with phosphorus (r = 0.919). Total tannin content correlated with titrable acidity (r = 0.845) 
and with ash content (r = 0.952). Strong correlation found between dry matter and sugars 
content (r = 0.637), titrable acidity and ash (r = 0.750), lipids and phosphorus (r = 0.740). 
Ascorbic acid content correlated strongly with carotene content (r = 0.600), total tannin 
content (r = 0.614), and ash content (r = 0.620), etc. Also, strong relations determined between 
ash content and its components. 

According to Sanoussi et al. (2016b), dry matter content of I. batatas positively correlated 
with carbohydrate content and energy value. Total sugar content is also positively correlated 
with energy value. Li et al. (2017) found negative correlation between tannin content and 
ß-carotene (r = -0.214) content while in our study correlation was determined as strong 
(r = 0.676). Analise of data concerning biochemical composition of I. batatas petiole and 
leaf showed a very strong positive correlation between total phenolic compounds and 
reducing sugars, and their extracts exhibited the antioxidant activity that correlated with 
phenolic compounds (Dinu et al., 2018). Biochemical composition of I. batatas depending on 
geographical location, climate, weather, heat treatment, and terrestrial factors as seen from 
the previous report (Shariff et al., 2017).
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Conclusions
Thus, in M.M. Gryshko National Botanical Garden two varieties of I. batatas investigated for 
selected biochemical parameters and it was indicated that plant raw material accumulated 
a high content of nutrients. The highest content of dry matter and sugars found in tubers, 
ascorbic acid, ß-carotene, tannin content, lipids, ash in leaves and stems depending on the 
variety. Between some investigated parameters detected a very strong positive correlation 
such as carotene content and lipids, carotene and phosphorus, total tannin content with 
titrable acidity, and ash content. Strong correlation found between dry matter and sugars 
content, titrable acidity, and ash, lipids, and phosphorus. Obtained data can be used for the 
deep further biochemical, pharmacological study, and selective work. 
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