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ABSTRACT: Cooking induces numerous phytochemical changes in food. This study is aimed at determining the 

amount of phytochemicals present in raw and cooked sweet potato, Irish potato and yellow yam. The amount of tannin, 
alkaloids, saponin, flavonoids and phenol were determined in raw and cooked samples of each food crop. The result 

showed that tannin, alkaloids, saponin, flavonoids, phenol contents was high in Irish potato and sweet potato but was 

far much present in Irish potato, while it was seen in minute quantity in yellow yam. The values obtained for each 
phytochemicals in each food sample raw and cooked respectively, in mg/100g were; Yellow yam: Tannins (0.10 and 

Nil), Alkaloids (2.00 and 0.51), Flavonoids (1.18 and 0.87), Saponins (2.00 and 1.02) and Phenols (0.72 and 0.10). 

Sweet potato: Tannins (0.32 and 0.28), Alkaloids (2.17 and 0.62), Saponins (2.10 and1.58), Flavonoids (1.28 and 0.97) 
and Phenols (1.42 and 0.72). Irish potato: Tannins (0.55 and 0.49), Alkaloids (2.17 and 0.81), Saponins (4.00 and 2.13), 

Flavonoids (5.00 and 2.91) and Phenols (2.00 and 0.91). The % loss of phytochemicals after cooking were; Yellow 

yam: Tannins (Nil), Alkaloids (74.5), Saponins (49.0), Flavonoids (26.3) and Phenols (86.1). Sweet potato: Tannins 
(12.5), Alkaloids (71.4), Saponins (24.8), Flavonoids (24.2) and Phenols (49.3). Irish potato: Tannins (10.0), Alkaloids 

(62.7), Saponins (46.8), Flavonoids (41.8) and Phenols (54.5).   These results indicate that boiling of the samples seems 

to reduce their phytochemical contents as the raw samples showed higher amounts of the phytochemicals. The results 
also revealed that Tannins are more stable to heat across the 3 food samples, followed by Flavonoids, Saponins, Phenols 

and Alkaloids. The loss in some of the phytochemicals after cooking did not significantly affect the nutritional quality 

of the food samples. 
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Root and tuber crops plays a major role in the food 

security of many developing countries and through the 

development and promotion of better management of 

these crops, the livelihoods of the poor people who 

depend on them will be improved. Root crops were 

regarded as food mainly for the poor, and have played 

a very minor role in international trade (FAO, 1990). 

This misconception has lingered for so long because 

of the lack of appreciation of the number of people 

who depend on these root crops and the number of 

lives that have been saved during famine or disasters 

by root crops. Root crops contain an appreciable 

amount of carbohydrate, vitamins and minerals and 

may have a competitive production advantage in terms 

of energy yield per hectare over areas produced in 

ecologically difficult condition (UNIFEM, 2002). The 

nutritional value is the main concern when a crop is 

being considered as a food source. Due to the emphasis 

placed on the nutritional value of food by consumers, 

a great need exist for information on the nutritional 

contents of root crops as they are considered an 

excellent energy source. Tubers are very rich in 

carbohydrates, ranging between 73-80% which is 

mainly starch. Phytochemicals are organic compounds 

manufactured by plants through primary or secondary 

metabolism. These compounds include saponins, 

tannins, alkaloids, flavonoids, phenols, oxalates, 

phytates, carotenes, etc. Tannins (also called tannic 

acid) belong in the group of polyphenolic compounds. 

Tannins are water soluble astringent, bitter 

polyphenolic compounds of high molecular weight 

found occurring naturally in the vacuoles or surface 

wax of quite a number of parts of many edible and 

non-edible plants (Reed, 1995). Also, tannins are 

found in plant based products such as chocolate, 

wines, nuts-almonds, acorns, hazelnuts, walnuts, arela 

nut, fruit juices, ciders beer, cheeses, some fermented 

foods, ice creams, beverages, smoked foods, herbs and 

herbal preparation etc (Navia, 2002; Wolke and 

Parrish, 2005; Vattem et al., 2005). The presence of 

tannins in plants and plant products is specifically for 

the purpose of defense against predation and growth 

regulation (Salunkhe et al., 1990). Alkaloids are a 

huge group of naturally occurring organic compounds 

which contains nitrogen atom or atoms (amino or 

amido group in some cases) in their structures. These 

https://www.ajol.info/index.php/jasem
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are nitrogen atoms causes alkalinity of the compounds. 

These nitrogen atoms are usually situated in some 

rings (cyclic) system. For example indole alkaloids are 

those that contain nitrogen atom in the indole ring 

system. Some groups of structurally related alkaloids 

are present in plants from few to even 30. These 

alkaloids belong to the same class but have some 

differences in their structure and one of them usually 

occur in majority (Joanna et al, 2019). Ezeocha et al., 

(2012) studied the impact of cooking on the proximate 

composition and anti nutritional factors of water yam 

using proximate content such as ash, crude protein 

(10.27) carbohydrate, crude fibre, crude lipid and 

tannin significantly reduced in the boiled tuber. 

Chinedu et al., (2017) studied the evaluation of anti-

nutrients and mineral composition of trifoliate yam 

using standard method. The results of the anti-

nutrients of determination of trifoliate yam showed 

that the phytate and cyanide contents (9.858 and 

87.26mg/100g respectively) of the four powder were 

higher than that of the flour paste (5.8 and 

74.76mg/100g respectively). While oxalate, tannin 

and trypsin inhibitor contents were (18.16, 7.4 and 

0.16mg/100g). Abdul-rasaq et al., (2018) studied the 

antinutritional and vitamin composition of high 

quality yam flour as affected by yam species, 

treatment and drying method. The results showed that 

four different yam tubers which were pretreated with 

0.28% potassium metabisulphate for 15minutes and 

blanching at 70oCfor 15min. indicates that the 

antinutritional factors in the high quality yam flour 

were significantly (p<0.5) affected by yam species, 

pretreatment and drying methods. The study further 

states that the low level of alkaloids (0.02mg/100g) 

and phytates (13.43mg/100g) in the flour sample 

underscores it safety for absorption in the body when 

consumed or used as food formulation. According to 

Lewu et al., (2010), the comparative assessment of the 

nutritional value of commercially available cocoyam 

and potato in South Africa was carried out and the 

study concluded in saying that cooking the both tubers 

remarkably reduced the anti-nutrient contents of both 

tubers. Several researches have been carried out on the 

phytochemical quality of sweet potato, Irish potato 

and yellow yam and other tubers or starchy food crops 

in Africa and the world at large. However, the effect 

of boiling and heating (increased temperature) on the 

quantity of phytochemicals in food has not been fully 

studied to ascertain the effect of cooking or boiling 

these food tubers on their phytochemical quality. This 

study is aimed at evaluating the effect of heating or 

cooking on the amount of phytochemicals in these 

foods and informs or educates the public. 

 

MATERIALS AND METHODS 
Sample collection and pretreatment: Sweet potato, 

Irish potato and yellow yam samples were bought 

from the popular Marian market in Calabar, Cross 

River State, Nigeria. The tubers collected contained 

large, middle and small tuber sizes that were not 

damage during harvest and which were not attack by 

pests. The tubers were packaged in a polyethylene bag 

and transported to the laboratory for further treatment 

and analysis. 

 

Sample preparations: The sample was prepared for 

sweet potato, Irish potato and yellow yam which were 

washed and peeled carefully using a stainless steel 

knife and the peeled samples were washed, rinsed with 

deionized water and then sliced. Some slices were 

preserved for further analysis while some of the slices 

of the tubers were boiled for further analysis.  

 

Chemicals or reagents used: The following are the 

chemicals used for this research work. Wade reagent 

(0.03% solution of FeCl3.6H20), distilled water, 

methyl red indicator, concentrated NH4OH solution, 

aliquots, standardized KMnO4 solution, HCl, 

methanol, H2SO4 and Vinillin-HCl. 

 

Qualitative Analysis of Tannin:5g of the crushed 

sample was measured using a weighing balance and 

transferred into three different beakers then 50mls of 

water was added to each sample and it was allowed to 

stand for about 50 minutes to 1 hour to allow it settled. 

After settling, 0.5ml of 5% Ferric chloride was added 

and the development of a dark-bluish black colour 

indicated the presence of tannins. The same process 

was also carried out for cooked samples. 

 

Quantitative Analysis of Tannin: 0.5g of the samples 

was weighed into plastic bottle and 50cm3 of water 

was added and shaken and stirred for 1 hour in a 

shaker. It was then filtered and 5cm3 of the extract was 

measured to a test tube and mixed with 3 cm3 of 0.1N 

HCl, 3 drops of ferrocyanide was added. It was 

allowed to stand for 10minutes, and then measured in 

the UV-Spectrophotometer of 605nm. Blank too was 

determined.  

 

Calculation:  

Tannins (
mg

100g
) = [

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡

𝑠𝑙𝑜𝑝𝑒 x 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 x 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒  
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Qualitative test for Saponins using sodium 

bicarbonate solution (honey comb test):0.5mg of 

extract was taken in a test tube and few drops of 5% 

sodium bicarbonate solution was added the mixture 

was shaken vigorously and kept for 3minutes, the 

formation of honey comb like troth was observed 

which shows the presence of saponins in the samples 

for both raw and cooked. 

 

Quantitative analysis for saponins: Separatory funnel, 

shaker and stirrer, 20% ethanol, diethylether, n-

butanol, 5% sodium chloride and distilled water and 

apparatus listed above for alkaloids were used.5.0 g of 

samples was dispersed in 50 cm3 of 20% ethanol in a 

beaker. The suspension was heated over a hot water 

bath for four hours with a continuous stirring at about 

60oC.The mixture was filtered after 4 hours and the 

residue was re-extracted with another 25cm3 of 20% 

ethanol. The combine extract was concentrated and 

reduce to 40cm3 over water bath at 90oC. The sample 

was transferred into a separatory funnel and 20cm3 of 

diethyl ether was added and shaken thoroughly. 

Aqueous layer of the extracts was recovered while the 

either layer was discarded. The purification process 

was repeated for all samples and 60cm3 of n-butanol 

was added and the extract was washed twice with 

10cm3 of 5% aqueous sodium chloride. The remaining 

extracts was evaporated in a water bath and dried in an 

oven to a constant weight, the saponin content was 

then calculated in percentage. 

 

Saponin contents = [
𝑊𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 

 𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡  
 𝑥 

100

1
 

 

Qualitative test for flavonoids in the samples using 

lead acetate solution:10mg of extract was taken and 

few drops of 10% lead acetate solution was added 

which was carefully observed, formation of yellow 

colour precipitate was observed which indicate the 

presence of flavonoids. 

 

Quantitative analysis of flavonoids using lead acetate: 

Weighing balance (analytical grade), beakers, 

measuring cylinder, water bath, spatula, funnel, wash 

bottle, filter paper, oven, desiccator and 50% methanol 

were used.5g of each sample was weighed into 

different beakers and extracted with 50cm3 of 80% 

methanol at room temperature for 1 hour. The solution 

was filtered using filter paper. The filtrate was 

evaporated to dryness over water bath and oven.  

 

Qualitative test for phenol using ferric chloride 

solution: 0.2g of the extract was weight and treated 

with 5% ferric chloride and observes for the formation 

of deep blue colour which indicates the presence of 

phenol in both raw and cooked samples of yellow yam, 

sweet potato and Irish potato. 

 

Quantitative test for phenol: Total polyphenol content 

was estimated using folin-crocaltev (FC) assay which 

is widely used in routine analysis (Wright et al, 2000; 

Atoui et al, 2005) a known amount of sample extract 

(10mg/ml) was mixed with 1.0ml of FC reagent and 

0.8ml of 2% Na2Co3 was added and the volume was 

made up to 10ml using water-methanol (4:6) as 

diluting fluid. Absorbance was read at 740nm after 

30min using UV spectrophotometer. Tannin acid (0-

800mg/l) was using to produce standard calibration 

curve. The total phenolic content was expressed in mg 

of tannic acid equivalent (tae)/100 g of samples. 

 

Qualitative test for Alkaloids using Wagner’s reagent: 

10mg of extract was taken and few drops of Wagner’s 

reagent were added and the formation of a reddish 

brown precipitate was observed which indicated the 

presence of Alkaloids. 

 

Quantitative analysis of Alkaloids: Materials used 

were weighing balance (analytical grade), beakers, 

measuring cylinder, water bath, spatula, funnel, wash 

bottle, oven and desiccator, filter paper, acetic acid, 

and ethanol, dilute ammonium hydroxide, 

concentrated ammonia and distilled water.5g of 

sample was weighed into a beaker; 100cm3 of 100% 

acetic acid in ethanol (1:1 ratio) was measure into the 

sample container and covered to stand for 4hours. The 

extracted sample was filtered after four hours. It was 

then concentrated using water bath to a quantity of the 

original volume. Ammonia solution was added to the 

concentrated samples (extract) in a drop-wise manner 

until the precipitate was allowed to settle, then was 

filtered and washed with dilute ammonium hydroxide. 

The residue left was taken as the crude alkaloid and 

was dried in an oven and weighed. 

 

Results and Discussion 

The results of qualitative analysis are presented in 

Table 1, those of quantitative analysis are shown in 

Table 2, while the percentage loss of phytochemicals 

after cooking are presented in Table 3. From the results 

above, it shows that the mean phytochemicals contents 

are higher in raw samples than in the cooked samples. 

Flavonoids showed significantly high amount of both 

raw and cooked samples of yellow yam, sweet potato 

and Irish potato, in both qualitative and quantitative 

tests. Saponins were greatly present in both raw and 

cooked samples of yellow yam, sweet potato and Irish 

potato. The presence of alkaloids in both raw and 
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cooked samples was seen in greater amount. Tannins: 

Tannin was very little in raw sample of yellow yam 

but was absent in cooked sample of yellow yam. 

However, it was presence in other samples of sweet 

potato and Irish potato. Phenols were present in all the 

samples The results also indicated that raw samples of 

sweet potato and Irish potato are far more higher and 

greater in phytochemicals  than that of cooked samples 

The raw results shows that flavonoids for Irish potato 

(5.00) > sweet potato (1.28) > yellow yam (1.18). For 

saponins, Irish potato (4.00) > sweet potato (2.10) > 

yellow yam (2.00). For Alkaloids, Irish potato (2.17) 

and sweet potato (2.17) > yellow yam (2.00). For 

phenols, Irish potato (2.00) > sweet potato (1.42) > 

yellow yam (0.72). For tannins, Irish potato (0.55) > 

sweet potato (0.32) > yellow yam (not visible).  

 
Table 1:Results of qualitative analysis of phytochemical in aqueous extract of the samples 

S/

n. 

Phytochem

.Comps. 

Test reagent  Yellow yam Sweet potato Irish potato 

   Raw cooked Raw Cooked Raw cooked 

1. Tannins  Ferric chloride (FeCl3) + - + + + + 

2. Alkaloids Wagner’s Reagent ++ + ++ + ++ + 

3. Saponin Sodium Bicarbonate (NaHCO3) ++ + ++ + ++ + 

4. Flavoniods Lead acetate (Pb(C2H3O2)2 + + ++ + +++ ++ 

5. Phenol Ferric chloride (FeCl3) + + ++ + ++ + 

Key: + = Compound presence, ++ = greater amount of compound presence, - = Absence of the compound,+++ = greater greater amount 

of compound presence. 

 

Table 2: Phytochemical content of Raw and Cooked Samples in mg/100g 

S/N Phytochem.

Compounds 

Yellow yam Sweet potato Irish potato 

  Raw Cooked Raw Cooked Raw cooked 

1. Tannins  0.10±0.01 - 0.32±0.01 0.28±0.01 0.55±0.01 0.49±0.01 

2. Alkaloids 2.00±0.02 0.51±0.01 2.17±0.02 0.62±0.01 2.17±0.02 0.81±0.01 

3. Saponin 2.00±0.01 1.02±0.01 2.10±0.02 1.58±0.01 4.00±0.10 2.13±0.02 

4. Flavoniods 1.18±0.01 0.87±0.01 1.28±0,01 0.97±0.01 5.00±0.10 2.91±0.02 

5. Phenols 0.72±0.01 0.10±0.01 1.42±0.01 0.72±0.01 2.00±0.02 0.91±0.01 

N/B: Values reported in mean ± SD, N =3. 

 

Table 3: Percentage (%) loss of Phytochemicals after cooking 

S/n. Phytochem. Yellow 
yam 

Sweet 
potato 

Irish 
potato 

1. Tannins  - 12.5 10.9 

2. Alkaloids 74.5 71.4 62.7 

3. Saponin 49.0 24.8 46.8 

4. Flavoniods 26.3 24.2 41.8 

5. Phenol 86.1 49.3 54.5 

 

For the cooked samples: saponin in Irish potato (2.13) 

> sweet potato (1.58) > yellow yam (1.02), for 

flavonoid, Irish potato (2.91) > sweet potato (0.97) > 

yellow yam (0.87). For phenols, Irish potato (0.91) > 

sweet potato and yellow yam (0.72) respectively. For 

alkaloids, Irish potato (0.81) > sweet potato (0.62) > 

yellow yam (0.51). For tannins, Irish potato (0.49) > 

sweet potato (0.28) > yellow yam > (0.10). From the 

result above, raw samples of yellow yam, sweet potato 

and Irish potato shows significantly higher amount of 

the phytochemicals except tannin while raw samples 

tend to show little amount of the phytochemicals. The 

result shows that flavonoids are higher in raw samples 

of yellow yam, sweet potato and Irish potato. This is 

followed by saponins, alkaloids, phenol then tannins 

which is present in small amount in raw form of yellow 

yam. This is evident that raw samples of sweet potato 

and Irish potato has greater amount of the 

phytochemicals while for tannins, it is not seen. 

However, when the samples are boiled or cooked, the 

phytochemicals contents of alkaloids, tannins, 

flavonoids, phenol and saponins tend to reduce as a 

result of boiling of the samples. This agrees with the 

study of Ezeocha et al.(2012) on water yam and the 

study by Lewu et al. (2010) cocoyam and other tubers 

in South Africa and concluded that cooking 

remarkably reduced the anti-nutrient contents of 

tubers. From the  results, flavonoids  are much present 

in Irish potato same with saponins, phenols, alkaloids, 

flavonoids and tannins which is followed by sweet 

potato before yellow yam which shows that dietary 

protein in humans plays a protective role against 

hypertension, stroke, cardiac dysfunctions, renal 

damage, hypercalciuria, kidney, stones and 

osteoporosis (Demigne et al., 2004). 

 

Conclusion: Yellow yam, sweet potato and Irish 

potato contains an appreciable amount of 

phytochemicals viz; alkaloids, saponins, tannins, 

flavonoids and phenolic compounds indicating that 
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they are good enough for consumption having known 

the importance of these phytochemicals in diets and in 

medicine. However, the amount of phytochemicals 

decreased in all the cooked samples. 
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