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Abstract
Phytochemicals enhance human health by acting antagonistically on incidences of 
cancer and other chronic diseases. They are considered indispensable in a variety of 
nutraceutical, pharmaceuticals, and medicinal and cosmetic applications. This study 
evaluated the effects of common processing methods on inherent phytochemical 
content in the roots and leaves of orange-fleshed sweetpotato (OFSP) varieties called 
Kabode and SPK031. Yellosp and Whitesp, which are local sweetpotato varieties, 
were also included as check for roots and leaves, respectively. The sweetpotato 
products prepared for phytochemical analysis were boiling roots and leaves, fry-
ing chips and crisps, baking bread (for roots only), and fermenting and dehydrating 
leaves. Phytochemicals that were assessed included vitamin C, total phenolics and 
flavonoids, tannins, phytates, and soluble oxalates. Results indicated that retention 
of vitamin C was highest in boiled roots (85%–95%), followed by fries (71%–94%) 
and crisps (44%–76%), whereas the least retention was in bread (4%–11%) and leaves 
(0%–27%). Total phenolics, flavonoids, and antioxidant activity in leaves significantly 
(p < .05) varied with the type of processing. Higher retention of these phytochemi-
cals was observed in processed roots but was lowest in bread. Boiling retained more 
than 100% of all carotenoids, while fermenting and drying the leaves retained 58–62 
and 22%–48%, respectively. Frying retained more than 100% of the β-carotene in 
the roots, while boiling retained 96%–100%. All processing methods significantly 
(p < .05) reduced antinutrients in leaves and roots. Fermentation of leaves had higher 
reduction of oxalates, tannins, and phytates, while boiling had the least effect. It is 
concluded that traditional boiling enhances phytochemical retention in roots but de-
grades most of them in leaves.
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1  | INTRODUC TION

Root and tuber crops are the second most important source of car-
bohydrate to humans after cereals and play an important role in en-
suring food and nutrition security in the world. Sweetpotato ranks 
seventh among food crops at global scale and provides food to a large 
proportion of the world's population (FAOSTAT, 2018). It is a major 
contributor of energy and phytochemicals in the human diet, the ex-
tent of which vary depending on crop variety and processing meth-
ods used in diet formulation (Gurmu et al., 2017; Rossi et al., 2016; 
Shekhar et al., 2015). Orange-fleshed sweetpotato (OFSP) varieties 
have been shown to have high nutritional value, particularly in vi-
tamins and minerals compared to many other root and tuber crops. 
Biofortified OFSP can supply the recommended daily allowance of 
vitamin A (300–700 μg retinol activity equivalent) for children and 
lactating women (Rajendran et al., 2017). Both roots and leaves of 
sweetpotato are commonly utilized as staple food and vegetables by 
various communities across the world.

Orange-fleshed sweetpotato roots and leaves are perishable 
and their postharvest loss is high in developing countries such as 
Kenya due to limited availability of appropriate storage facilities. As 
a result, farmers, traders, consumers, and other stakeholders in the 
sweetpotato value chain experience considerable economic burden. 
Such losses can be minimized by adopting value addition processes 
including the production of stable and popular products such as fried 
sweetpotato crisps, breads, and cakes. However, there is limited in-
formation available on the amount and changes in essential phyto-
chemicals (carotenoids, reduced ascorbic acid, phenolics, flavonoids, 
tannins, phytic acid, and oxalates) in these value-added products 
prepared from sweetpotato leaves and roots. The roots of OFSP 
varieties are generally known for high moisture content, reduced 
sugars, beta carotene, and other phytochemicals such as flavonoids, 
vitamin C, phenolics, and anthocyanins. Their quantities in roots can 
influence the quality and stability of processed products (Anbuselvi 
& Muthumani, 2014; Chandrasekara & Josheph Kumar, 2016; Swamy 
& Sinniah, 2015). Similarly, sweetpotato leaves that are used as veg-
etables by a number of communities contain both phytochemicals 
and antinutrient factors such as oxalate and tannins. The levels of 
these constituents in cooked vegetable are affected by the process-
ing method (Abubakar et al., 2010; Min et al., 2012). Previous studies 
indicated the presence of different phytochemicals in OFSP (Swamy 
& Sinniah, 2015), but no adequate data were available on quantifi-
cation of phytochemicals variations in relation to processing popu-
lar OFSP varieties in Kenya. Studies have also been conducted on 
processed crisps and bread from OFSP roots but effect of common 
deep frying and baking on important OFSP components is not well 
documented. The stability of crisps and phytochemicals in storage 
are subjected to oxidative degradation when exposed to light, heat, 
and air (De Moura et al., 2015b). However, the role of these physical 
factors during processing on the product stability and phytochem-
ical contents is yet to be established. This study aimed to quantify 
important phytochemicals in popular food preparation derived from 
roots and leaves of popular Kenyan OFSP varieties.

2  | MATERIAL S AND METHODS

2.1 | Source of sweetpotato roots and leaves

Four sweetpotato varieties consisting of two popular OFSP varieties 
(Kabode and SPK031) and two local varieties (Yellowsp and Whitesp) 
were used in this study. These varieties were grown in 2018 at the 
Kenya Agricultural Research Organization (KALRO) in Kakamega 
following standard cultural practices. All root and leaf samples ana-
lyzed in this study were obtained from the crop harvested at matu-
rity. Kabode, SPK031, and Yellowsp were selected based on their 
popularity in Kenya and their high content of phytochemicals as 
established in a previous study (Abong' et al., 2020). Whitesp was 
selected for leaves analysis (instead of SPK031) due to its high yield 
and wider adoption in Kenya. Further information about these varie-
ties is available at the sweetpotato catalogue (Kapinga et al., 2010). 
The roots and leaves were harvested, packaged in gunny and net 
bags, respectively, and transported overnight for analysis to the 
Biosciences eastern and central Africa-International Livestock 
Research Institute (BecA-ILRI) Hub in Nairobi.

2.2 | Preparation of raw samples

Approximately 400 g of clean sweetpotato leaves of each variety 
were weighed and divided into portions of 100 g. The leaves were 
transferred to Kraft paper bags frozen at −20°C for at least 12 hr and 
freeze-dried (Telstar LyoQuest-55). Similarly, seven roots were ran-
domly selected for each variety, washed with tap water and blotted 
to dry, and peeled and diced into 0.25 cm cubes. About 400 g of these 
cubes were divided into portions of 100 g, placed in Kraft paper bags, 
and frozen overnight at −20°C before freeze drying. Freeze-dried 
samples were ground into powder using a Waring Laboratory Blender 
(Thomas Scientific) and stored at −20°C until analysis.

2.3 | Preparation of processed samples

Sweetpotato leaves and roots were processed into products that are 
commonly prepared in Kenya, mimicking local processing parame-
ters in each case. Each food preparation was replicated twice.

2.3.1 | Boiling of roots and leaves

Approximately 2 kg of roots from each sweetpotato variety were 
washed using potable water to remove soil debris, hand-peeled 
using kitchen knife, and cut into 5 × 5 cm pieces. The pieces were 
placed into a cooking pot and potable water added at half the weight 
before the roots were boiled until a fork could easily penetrate the 
root. The boiled roots were grated into small pieces, divided into 
100 g portions in kraft papers, and deep-frozen at −20°C for 12 hr 
before freeze drying.
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Sweetpotato leaves (1 kg) were washed to remove surface soil 
and other foreign matters. The leaves were then cut using a kitchen 
knife into approximately 5 mm slices. The sliced leaves were placed 
into a cooking vessel, potable water added at a ratio of 1:1 before 
being steamed for 20 min until they were confirmed ready for eating. 
The boiled leaves were further cut into smaller pieces and divided 
into 100 g portions in kraft papers and deep-frozen at −20°C for 
12 hr before freeze drying.

All freeze-dried samples were ground using a Warring Laboratory 
Blender (Thomas Scientific) and stored at −20°C until analysis.

2.3.2 | Frying of chips and crisps

About 2 kg roots of each sweetpotato variety were washed using 
potable water to remove soil debris, hand-peeled using kitchen 
knife, and cut into 5 × 5 mm strips for chips and 1.5 mm thickness 
for crisps. They were deep-fried in an automatic, temperature-con-
trolled fryer using Elianto corn oil (Bidco Africa Limited) at 170°C 
until bubbles ceased. The fries were then removed from oil, drained 
off excess surface oil, and left to cool. The cooled fries were then 
grated into small pieces and divided into 100 g portions in kraft 
papers and deep-frozen at −20°C for 12 hr before freeze drying. 
Freeze-dried samples were ground into powder using a Warring 
Laboratory Blender (Thomas Scientific) and stored at −20°C until 
analysis.

2.3.3 | Baking wheat–sweetpotato composite bread

Boiled sweetpotato roots for each variety were mashed into puree 
and incorporated at 40% into wheat flour during the kneading pro-
cess. The baking procedure was adopted from a previous study 
(Muzhingi et al., 2018). The bread was then grated into small pieces 
and divided into 100 g portions in kraft papers and deep-frozen at 
−20°C for 12 hr before freeze drying. Freeze-dried samples were 
ground into powder using a Warring Laboratory Blender and stored 
at −20°C until analysis.

2.3.4 | Dehydration of leaves

Dehydrated leaves were prepared in two different forms—simple 
dehydration and lactic acid fermentation followed by dehydration. 
Sweetpotato leaves (1 kg) were washed to remove surface soil and 
other foreign matters. The leaves were then blanched in water at 
90°C for 3 min before being cut into 5 mm shreds and dried in an air 
oven at 70°C for 12 hr. Leaves for fermentation were not washed 
but the process followed sauerkraut fermentation procedure—clean 
leaves (1 kg) with no visible soil debris were cut into 5 mm shreds 
and mixed with 2.5% common salt and allowed to ferment anaerobi-
cally at prevailing room temperature (24°C) for 7 days for optimal 
fermentation. The fermented leaves were then dried in an air oven 

at 70°C for 12 hr. The dried samples were ground into powder using 
a Warring laboratory electric blender and stored at −20°C until 
analysis.

2.4 | Analytical methods

2.4.1 | Determination of phytochemicals

Phytochemicals that were determined in raw and cooked sweet-
potato roots and leaves were vitamin C, total phenolic compounds, 
total flavonoids, carotenoids, antioxidants, phytates, tannins, and 
soluble oxalates. Extraction and subsequent analysis of these phyto-
chemicals was performed following previously established methods 
(Abong' et al., 2020).

2.5 | Statistical analysis

Experimental data were analyzed using SAS version 9. Descriptive 
statistics such as mean and standard deviation of moisture and phy-
tochemical contents were computed. Analysis of variance (ANOVA) 
was carried out to test for statistical significance among treatments, 
and the means were separated by Duncan multiple range test at sig-
nificance level of p < .05.

3  | RESULTS AND DISCUSSION

3.1 | Vitamin C content in sweetpotato products

Sweetpotato leaves differed significantly (p = .0029) by variety and 
processing method for vitamin C content, being not detectable in 
boiled leaves of all varieties and the highest in raw leaves (Figure 1). 
However, there was no retention of vitamin C in boiled leaves of all 
varieties, while the highest retention was recorded in dehydrated 
leaves with retention levels of 24% in Kabode, 27% in Yellowsp, and 
10% in Whitesp. Fermented and dehydrated leaves had vitamin C 
retention at moderate levels (average of 10%).

Vitamin C content was highest in boiled roots with an average 
of 63.46 mg/100 g dry weight basis for the three varieties, followed 
by chips (54.77 mg/100 g) and crisps (52.94 mg/100 g). The least 
amount was detected in bread (1.42 mg/100 g) (Figure 2). The levels 
of vitamin C significantly (p < .05) varied with OFSP variety and pro-
cessing method, with SPK031 variety having the highest retention in 
boiled roots (95%), chips (94%), and crisps (76%).

Vitamin C content in sweetpotato is controlled by genetic 
makeup of a variety and cultural practice (Mellidou & Kanellis, 2017). 
The levels of vitamin C in raw roots in our study were higher than 
a range of 13.7–23.5 mg/100 g reported in Slovenia (Sinkovič 
et al., 2017) but comparable to values reported in Tanzania of 273–
303 mg/100 g for sweetpotato leaves (Mwanri et al., 2011).Vitamin 
C is highly susceptible to oxidation more so in aqueous solutions, 
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oxidation being fueled by the presence of oxygen, metal ions such 
as iron and copper and high temperature (Akah & Onweluzo, 2014; 
Lee & Kader, 2000). Traditionally, leaves are boiled in water for 
more than 10 min. Given that the vitamin is soluble in water, its loss 
is compounded by leaching in boiling water as well as high boiling 
temperature (Akah & Onweluzo, 2014). The total loss of the vitamin 
in boiled leaves could have been enhanced by high iron content of 
the leaves (Lee & Kader, 2000). On the other hand, dehydration 
led to 80%–90% loss of the vitamin. These results were in agree-
ment with 15% retention reported by other researchers (Mwanri 
et al., 2011).

On the other hand, bread had a low vitamin C content given that 
only 40% of OFSP puree was incorporated into wheat to make the 
bread. In addition, a high temperature under dry heat during bak-
ing could have increased the loss of vitamin C. Interestingly, boiled 
roots retained the highest vitamin C content followed by fries. Even 
though higher temperature was involved, root matrix could have 
helped to retain the vitamin, while in fries the vitamin is not leached 
in oil because it is insoluble in cooking oil. Lower levels of the vitamin 
in crisps can be attributed to higher surface area to volume ratio that 
exposed the entire matrix to high frying temperature. Our results 
to some degree agree with previous studies reporting higher losses 

of vitamin C in boiled roots (72.37%) and fries (60.9%) (Ikanone & 
Oyekan, 2014) and 40% loss of vitamin C in boiled roots (Mwanri 
et al., 2011). However, it was noted that high vitamin C retention in 
roots (>90%) can be achieved depending on exposure to heat and 
leaching water (FAO, 2016) as root matrix inhibits excessive loss of 
the vitamin.

3.2 | Carotenoid content in processed 
sweetpotato products

Carotenoids in leaves significantly varied with variety and process-
ing method (Table 1). Lutein was the major carotenoid in leaves, 
followed by total β-carotene and zeaxanthin. The levels of these 
carotenoids in leaves differed significantly (p < .05) with process-
ing method. Boiling retained over 100% of all the carotenoids, 
fermented and dried leaves retained 58%–62%, while dehydrated 
leaves had the lowest retention (22%–48%). Sweetpotato roots 
had insignificant amounts of lutein and zeaxanthin carotenoids. 
The major carotenoid in the roots was the β-carotene whose de-
rivatives varied significantly with variety and processing methods 
(Table 2).

F I G U R E  1   Vitamin C content (dry 
weight basis) in raw and processed leaves 
products of three sweetpotato varieties 
in Kenya. The bars indicate standard error 
of means

F I G U R E  2   Vitamin C content (dry 
weight) in roots and processed roots 
products of three sweetpotato varieties 
in Kenya. The bars indicate standard error 
of means
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Fried sweetpotato root products (chips and crisps) retained over 
100% of the β-carotene, while boiled roots retained 96%–100%. 
The lowest retention was in bread (48%–68%). The Yellowsp variety 
that is the most commonly used for roots in Kenya had significantly 
lower levels of β-carotene. Carotenoids vary greatly with variety (ge-
netics), plant part, and environment (Chavez et al., 2000; Shekhar 
et al., 2015). Processing methods influence both the amount and 
nature of carotenoids. Carotenoids are susceptible to degradation 

as a result of oxidation or isomerization during the heating process; 
isomers increase with cooking (Jaeger De Carvalho et al., 2014). 
In this study, boiling and frying retained over 100% of the carot-
enoids in leaves and roots. These results contrast with findings of 
other researchers who reported a decrease in carotenoids with pro-
cessing (De Moura et al., 2015a; Maziya-Dixon et al., 2009; Vimala 
et al., 2011). However, these results agree with Jaeger De Carvalho 
et al. (2014) who reported an increase of both total carotenoid and 

Variety Processing method Lutein Zeaxanthin TBC

Kabode Boiling 60.73 ± 2.80a 2.75 ± 0.53b 41.27 ± 0.51a

Fermented & 
dehydrated

20.90 ± 1.97d 3.37 ± 0.09a 14.97 ± 0.87e

Raw leaves 34.13 ± 2.50b 1.08 ± 0.65e 22.69 ± 1.84b

Dehydrated 07.73 ± 0.24h 0.27 ± 0.01i 06.49 ± 0.20i

Whitesp Boiling 35.99 ± 1.02b 1.08 ± 0.03e 21.36 ± 1.27b

Fermented & 
dehydrated

09.36 ± 0.31g 2.01 ± 0.06c 06.06 ± 0.14j

Raw leaves 15.39 ± 1.73e 0.29 ± 0.10h 11.36 ± 0.65f

Dehydrated 07.34 ± 0.44h 0.21 ± 0.02j 07.63 ± 0.60h

Yellowsp Boiling 24.28 ± 0.71c 1.19 ± 0.04d 17.83 ± 0.50cd

Fermented & 
dehydrated

12.47 ± 0.89f 2.13 ± 0.22c 09.86 ± 0.48g

Raw leaves 21.53 ± 0.91d 0.44 ± 0.03f 18.25 ± 0.56c

Dehydrated 06.08 ± 0.55i 0.31 ± 0.02g 06.04 ± 0.23j

Note: Results are means of triplicate samples ± standard deviation; values with similar superscript 
letters in the same column are not significantly different at p ≤ .05.
Abbreviation: TBC, total β-carotene.

TA B L E  1   Carotenoid contents (dry 
weight basis) in leaves and processed 
leaves products of three sweetpotato 
varieties in Kenya

TA B L E  2   β-carotene contents (dry weight basis) in roots and processed roots products of three sweetpotato varieties in Kenya

Variety
Processing 
method BX 13cisBC All Trans BC 9 Cis BC TBC

SPK031 Raw roots 0.55 ± 0.12f 0.67 ± 0.15i 14.88 ± 1.26b 0.53 ± 0.02ef 16.63 ± 1.22cd

Boiling 0.27 ± 0.06i 1.13 ± 0.04f 13.95 ± 0.63c 0.54 ± 0.02ef 15.89 ± 0.66de

Bread making 0.16 ± 0.08k 1.55 ± 0.13d 6.52 ± 0.67f 0.27 ± 0.01i 8.50 ± 0.60h

Chips making 1.19 ± 0.32b 6.51 ± 1.07ab 26.83 ± 5.26a 0.60 ± 0.19e 35.13 ± 4.92a

Crisps making 0.80 ± 0.08c 7.48 ± 0.88a 25.67 ± 3.12a 1.07 ± 0.21d 35.02 ± 3.11a

Kabode Raw roots 0.60 ± 0.25e 0.77 ± 0.30h 9.48 ± 4.25e 0.24 ± 0.01j 11.08 ± 4.00fg

Boiling 0.50 ± 0.01g 1.24 ± 0.03e 9.38 ± 0.23e 0.22 ± 0.02j 11.34 ± 0.22f

Bread making 0.20 ± 0.02j 0.90 ± 0.16g 4.19 ± 0.25g 0.15 ± 0.01l 5.44 ± 0.24i

Chips making 0.76 ± 0.26d 2.94 ± 1.69c 14.39 ± 3.77b 0.48 ± 0.22g 18.57 ± 3.70c

Crisps making 5.12 ± 0.56a 0.50 ± 0.04k 12.82 ± 1.62d 2.43 ± 0.27a 20.87 ± 1.60b

Yellowsp Raw roots ND 0.16 ± 0.01l 0.13 ± 0.01k 1.21 ± 0.03c 1.50 ± 0.03m

Boiling 0.02 ± 0.01l 0.12 ± 0.01m 0.20 ± 0.03j 1.43 ± 0.14b 1.78 ± 0.02l

Bread making 0.01 ± 0.00m 0.17 ± 0.12l 0.49 ± 0.04i 0.36 ± 0.06h 1.02 ± 0.05n

Chips making 0.25 ± 0.09i 0.54 ± 0.01j 2.32 ± 0.36h 0.17 ± 0.01k 3.28 ± 0.30k

Crisps making 0.37 ± 0.06h 0.56 ± 0.07j 2.12 ± 0.07h 0.35 ± 0.02h 3.40 ± 0.06j

Note: Results are means of triplicate samples ± standard deviation; values with similar superscript letters in the same column are not significantly 
different at p ≤ .05.
Abbreviations: 13CisBC, 13-cis-β-carotene; 9CISBC, 9-Z-β-carotene; All Trans BC, trans-cis-β-carotene; BX, β-Xanthin; ND, not detected.
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carotenoid isomers when pumpkin was boiled in plain and sug-
ary water, as well as in steamed products. Vizzitto and colleagues 
(Vizzotto et al., 2017) also observed an increase in total carotenoids 
when twelve genotypes of sweetpotato roots were roasted. Such 
increase has been attributed to increased availability usually induced 
by cooking and break down of cell wall structure (cellulose). Cooking 
disrupts the cell wall, thereby facilitating release of bioactive com-
pounds, making it easy to extract during analysis (Fernández-García 
et al., 2012).

3.3 | Variations in total phenolics, flavonoids, and 
antioxidant property

Variations in total phenolics, flavonoids and antioxidant proper-
ties of sweetpotato leaves and roots are shown in Tables 3 and 4, 
respectively.

Phenolics, flavonoids, and antioxidant property in sweetpo-
tato leaves varied significantly (p < .05) with processing method. 
Even though the lowest retention was noted in dehydrated leaves, 

TA B L E  3   Phenolics, flavonoids, and antioxidants (dry weight basis) in leaves of three sweetpotato varieties in Kenya as influenced by 
processing methods

Variety Processing methods Phenolics (mgGAE/100 g) Flavonoids (mg CE/100 g)
Antioxidant property 
(mgTE/100 g)

Kabode Boiling 1,222.8 ± 58.9h 998.2 ± 53.8i 551.8 ± 31.2gh

Dehydration 659.3 ± 44.1i 411.0 ± 28.8k 353.0 ± 35.0ij

Fermentation & dehydration 1,662.4 ± 95.2g 913.8 ± 79.8ij 574.5 ± 24.8g

Raw 4,451.7 ± 305.5c 4,211.2 ± 265.8a 1,134.6 ± 49.2a

Whitesp Boiling 3,039.8 ± 219.2e 1,554.4 ± 62.2g 672.6 ± 7.8ef

Dehydration 3,120.2 ± 318e 2,175.9 ± 92.9d 698.1 ± 64.9e

Fermentation & dehydration 3,962.3 ± 41.5d 3,270.7 ± 48.66c 747.3 ± 25.9d

Raw 4,025.4 ± 128.4d 1,294.3 ± 112.7h 738.7 ± 50.1de

Yellowsp Boiling 4,699.7 ± 313.3c 3,376.5 ± 253.5c 372.5 ± 12.5i

Dehydration 5,861.7 ± 496.5a 3,816.2 ± 299.9b 642.9 ± 51.4f

Fermentation & dehydration 2,280.9 ± 147.9f 1,739.2 ± 194.2f 878.1 ± 131.4c

Raw 4,999.4 ± 166.5b 1,941.2 ± 11.4e 1,000.5 ± 18.1b

Note: Results are means of triplicate samples ± standard deviation; values with similar superscript letters in the same column are not significantly 
different at p < .05.

Cultivar
Processing 
methods

Phenolics 
(mgGAE/100 g)

Flavonoids (mg 
CE/100 g)

Antioxidant 
property 
(mgTE/100 g)

SPK031 Boiling 184.6 ± 11.8b 78.5 ± 7.9d 36.1 ± 3.2ef

Bread making 68.5 ± 3.0i 19.5 ± 1.7j 23.4 ± 1.4h

Chips making 158.5 ± 4.6c 81.6 ± 6.0cd 35.6 ± 5.4ef

Crisps making 186.9 ± 7.5b 88.6 ± 8.1c 56.3 ± 2.7d

Raw roots 152.1 ± 4.1cd 53.1 ± 2.6g 78.8 ± 2.0b

Yellowsp Boiling 200.2 ± 9.9a 58.8 ± 2.1e 62.2 ± 16.3cd

Bread making 57.0 ± 3.3j 19.8 ± 1.7j 8.7 ± 0.3l

Chips making 181.6 ± 10.2b 106.4 ± 7.4ab 13.0 ± 0.2k

Crisps making 195.8 ± 7.9a 111.9 ± 5.5a 35.0 ± 3.2ef

Raw roots 130.6 ± 5.1ef 19.1 ± 1.0j 93.2 ± 9.8a

Kabode Boiling 134.7 ± 3.8e 55.8 ± 0.7f 19.0 ± 1.7j

Bread making 58.2 ± 2.1j 15.9 ± 1.3k 21.1 ± 0.9i

Chips making 95.6 ± 2.6h 38.4 ± 3.6h 12.9 ± 0.9k

Crisps making 118.6 ± 5.3g 41.4 ± 3.2h 31.4 ± 1.9g

Raw roots 97.5 ± 7.4h 28.8 ± 0.9i 37.6 ± 2.1e

Note: Results are means of triplicate samples ± standard deviation; values with similar letters in the 
same column are not significantly different at p < .05.

TA B L E  4   Phenolics, flavonoids, and 
antioxidant (dry weight basis) in roots of 
three sweetpotato varieties in Kenya as 
influenced by processing methods
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there was no defined trend of retention in these chemical proper-
ties. Whereas total phenolics was reduced with processing, phe-
nolics seemed to be retained beyond 100% by most processing 
methods that can be attributed to ease of extraction in processed 
leaves whose tissues had been raptured in the process (Curayag 
et al., 2019). Antioxidant activity that indicate the ability of phyto-
chemicals to protect the body against autoxidation was reduced in all 
processing methods mainly because it is contribution of other chem-
ical constituents such as vitamin C that decreased with processing. 
It is important to note that fermented and dehydrated leaves had 

enhanced antioxidant property as also observed by other research-
ers (Adetuyi & Ibrahim, 2014).

On the other hand, boiling and frying of the roots retained phe-
nolics and flavonoids over 100%. This can be explained by the fact 
that the heating process raptures the plant cell wall, making available 
inherent contents at high levels (Jaeger De Carvalho et al., 2014). In 
this study, Kabode (most common OFSP in Kenya) had the lowest 
antioxidant activity compared to Yellowsp, a yellow-fleshed variety 
that had quite a low level of β-carotene. This shows that apart from 
the carotenoids, other factors contribute to antioxidative property 

Variety Processing method Oxalates (mg/100g)
Tannins 
(g/100 g)

Phytic acid 
(g/100 g)

Kabode Boiling 1,399.67 ± 16.72e 2.85 ± 0.30h 0.41 ± 0.01d

Dehydration 1,321.90 ± 258.51f 2.69 ± 0.01hi 0.30 ± 0.28de

Fermentation & 
dehydration

1,325.13 ± 181.28f 3.84 ± 0.14g 0.13 ± 0.09h

Raw 1,820.56 ± 53.45a 6.95 ± 0.42bc 0.58 ± 0.17bc

Whitesp Boiling 1,468.80 ± 344.77d 5.35 ± 0.21d 0.74 ± 0.54b

Dehydration 1,690.56 ± 27.63c 5.08 ± 0.48de 0.67 ± 0.16b

Fermentation & 
dehydration

1,107.36 ± 174.75gh 4.94 ± 0.14e 0.49 ± 0.15d

Raw 1,737.20 ± 70.69b 7.81 ± 0.99b 1.07 ± 0.18a

Yellowsp Boiling 1,341.63 ± 25.22ef 6.67 ± 0.25c 0.46 ± 0.24d

Dehydration 1,312.50 ± 283.59fg 7.32 ± 0.43bc 0.24 ± 0.20fg

Fermentation & 
dehydration

913.96 ± 109.97h 4.19 ± 0.14f 0.28 ± 0.07f

Raw 1,347.66 ± 69.84ef 11.79 ± 0.57a 0.55 ± 0.26bc

Note: Results are means of triplicate samples ± standard deviation; values with similar superscript 
letters in the same column are not significantly different at p ≤ .05.

TA B L E  5   Antinutritional factors 
(dry weight basis) in leaves of three 
sweetpotato varieties in Kenya as 
influenced by processing methods

Variety
Processing 
method Oxalates (mg/100g)

Tannins 
(g/100 g)

Phytic acid 
(g/100 g)

Kabode Boiling 164.48 ± 6.49cd 0.15 ± 0.00f 0.61 ± 0.22cb

Raw roots 217.35 ± 7.60b 0.24 ± 0.02b 0.85 ± 0.39ab

Bread making 66.61 ± 1.13j 0.12 ± 0.01g 0.24 ± 0.02ef

Chips making 124.88 ± 6.60f 0.18 ± 0.01de 0.80 ± 0.31b

Crisps making 186.71 ± 23.01c 0.23 ± 0.04c 0.23 ± 0.09ef

SPK Boiling 129.83 ± 6.56f 0.20 ± 0.02d 0.68 ± 0.34cb

Raw roots 181.36 ± 4.94c 0.28 ± 0.06a 0.95 ± 0.37a

Bread making 83.18 ± 3.99h 0.19 ± 0.02d 0.30 ± 0.11e

Chips making 96.72 ± 3.17g 0.24 ± 0.01b 0.85 ± 0.29ab

Crisps making 127.33 ± 10.76f 0.25 ± 0.02ab 0.38 ± 0.32ed

Yellow Boiling 184.27 ± 17.39c 0.12 ± 0.04g 0.25 ± 0.27ef

Raw roots 223.97 ± 18.39a 0.32 ± 0.15a 0.56 ± 0.30cd

Bread making 77.13 ± 2.61i 0.12 ± 0.01g 0.23 ± 0.02ef

Chips making 139.80 ± 3.81e 0.19 ± 0.01d 0.40 ± 0.25cd

Crisps making 134.32 ± 6.28ef 0.23 ± 0.03c 0.11 ± 0.04g

Note: Results are means of triplicate samples ± standard deviation; values with similar superscript 
letters in the same column are not significantly different at p ≤ .05.

TA B L E  6   Antinutritional factors 
(dry weight basis) in roots of three 
sweetpotato varieties in Kenya as 
influenced by processing methods
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of sweetpotato roots that should all be enhanced for optimum ben-
efit of the consumer. These results are contrary to findings by other 
authors who reported an increase in antioxidant activity of dehy-
drated purple sweetpotato (Curayag et al., 2019).

3.4 | Antinutritional factors in processed 
sweetpotato leaf and root products

Variations in soluble oxalates, tannins, and phytic acid were signifi-
cantly (p < .05) affected by processing method, variety, and plant 
part as shown in Tables 5 and 6, respectively. All processing methods 
reduced the antinutrients to different extents. In leaves, lactic acid 
fermentation, followed by dehydration, reduced the antinutrients 
the most. For instance, oxalates were reduced by 27%–36%, tannins 
by 34%–65%, and phytic acid by 50%–77%. Simply dehydrating the 
leaves led to a reduction of oxalates (3%–27%), tannins (35%–62%), 
and phytic acid (36%–56%), while the lowest reduction was in boiled 
leaves at 0.5%–23% for oxalates, 31%–59% for tannins, and 16%–
30% for phytic acid. These antinutritional factors limit bioavailability 
of minerals and assimilation of proteins. For instance in phytates, the 
complex phosphorus makes phytic phosphorus unavailable (Ahmad 
et al., 2013). Boiling and dehydration rapture cell walls leading to 
leaching and degradation of antinutrients. However, fermentation 
has been shown to break down antinutrients through microbial ac-
tion, thereby reducing their negative effect (Adane et al., 2013).

Sweetpotato roots had lower concentrations of the antinutrients 
compared to leaves. All processing methods significantly reduced 
the antinutrients and they were consistently lower in bread given 
that sweetpotato was used to substitute wheat at 40% in which 
case the reduction in all these factors was more than 50%. Frying 
decreased the antinutrient oxalates and phytic acid more than 
simply boiling the roots. On the other hand, boiling roots reduced 
tannins more than frying. The current values of reduction in antinu-
trients in sweetpotato are lower compared to what other research-
ers have reported for sweetpotato and other roots (Oluwatoyin & 
Oreoluwa, 2019).

4  | CONCLUSION

This study documents effect of processing methods and the in-
teraction between processing methods and sweetpotato varieties 
on inherent phytochemical content of processed foods prepared 
from leaves and roots of selected sweetpotato varieties in Kenya. 
We conclude that traditional boiling enhances the retention of 
phytochemicals in roots, whereas boiling degrades most of these 
phytochemicals in leaves. Fermentation and dehydration of leaves 
and frying sweetpotato roots leads to reduction of antinutrients 
in sweetpotato leaves and roots, respectively. This study shows 
the possibility of selecting processing method to improve the tar-
get phytochemical content in the processed sweetpotato food 
products.
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