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abstract
Potato (Solanum tuberosum L.) synthesizes a variety of bioactive metabolites 
including phenolic compounds and glycoalkaloids that protects against 
insects and diseases, and may influence its nutritional quality. Phenolics 
provide valuable health promoting antioxidants, whereas glycoalkaloid 
concentrations exceeding the upper safety limit of 20 mg/100 g fresh weight 
(Fwt) are potential neurotoxins. Therefore, efficient selection for tuber 
nutritional quality is dependent upon safe and reliable analytical methods. 
The aim of this study was to determine the changes in the concentration 
of glycoalkaloids and phenolic compounds during different growth stages 
in tubers of five selected potato varieties grown in Kenya. α-chaconine and 
α-solanine were separated and identified by HPLC. Total glycoalkaloids 
(TGA) and phenolics were determined by UV spectrophotometry. Recovery 
efficiencies for validation of analytical methods ranged from 85.9-93.5%. 
Significant differences in TGA and phenolic contents were detected among 
potato varieties.  Tuber TGA content ranged from 6.80 to 10.56 mg/100g 
Fwt in vars. Dutch Robijn and Tigoni, respectively, and were within the 
upper safety limit. The corresponding values for chlorogenic acid contents 
in the examined varieties ranged from 46.39 to 58.04 mg/100 g Fwt. Total 
phenolic concentration in the examined tuber extracts varied ranged from 
129.24 to 192.52 mg CGA/g Fwt. Glycoalkaloid and phenolic production 
were significantly reduced from time of initiation to maturity at 55 and 
125 days, respectively, after planting (DAP). These results demonstrate 
that tuber phytochemicals were strongly influenced by variety and level of 
maturity. For nutritional safety and quality purposes, harvesting of mature 
potato tubers after 125 DAP is recommended. 
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introduction
Potato (Solanum tuberosum L.) is a very important 
food crop in Kenya and many parts of the world and 
its expanded production may help raise livelihoods 
in developing countries. Besides its nutritional 
value, potato plants produce a variety of secondary 
metabolites during growth and post harvest storage. 
These secondary compounds include glycoalkaloids, 
phenolic acids, protease inhibitors and lectins1. 
Among these phytochemicals, glycoalkaloids and 
phenolic acids have been widely studied because of 
their toxicity to humans and plant protection against 
phytopathogens. The most important glycoalkaloids 
(GAs) are α-chaconine and α-solanine, because of 
their harmful health effects in human beings2. High 
levels of GAs are reported to inhibit cholinesterase 
and disrupt cell membranes3 with clinical symptoms 
of poisoning that includes abdominal colic pain, 
diarrhea and vomiting. Given the potentially toxic 
nature of steroidal glycoalkaloids, α-chaconine 
and α-solanine, to human, it is of interest to assess 
its levels during growth to ensure that it is well 
below the safe level of 20 mg/100 g fresh weight 
(Fwt) of tubers4. Glycoalkaloid levels above this 
recommended safety limit have been reported in 
immature tubers5,6 but are eventually degraded 
to safe levels during plant growth and maturation.   
There is, therefore, a need to investigate the effect 
of maturity stages on the level of glycoalkaloids 
and identify the most appropriate time of harvesting 
tubers for human consumption.

Previous studies have reported that the concentration 
and stability of phytochemicals in cultivated potato 
plants depends on a combination of various 
factors. Levels of glycoalkaloids vary significantly 
depending on variety, growing period, agronomic 
practices, maturity at harvest, storage conditions, 
light and mechanical injury7,8,9. Phenolic content of 
potatoes is influenced by genotype, conditions of 
cultivation including temperature and drought, day 
length, flooding and harvest locations10,11,12. Limited 
information is available regarding the variation in 
the levels of phytochemicals at different stages of 
maturity in the field. Glycoalkaloids and phenolic 
compounds are normal constituents in all tissues 
of potatoes at all stages of maturity. Potentially 
high glycoalkaloid concentrations are found in 
metabolically active tissues such as flowers, unripe 

berries and young leaves and in the periderm and 
cortex of tubers13.  

The levels of total glycoalkaloids (TGA) in tubers 
of the major commercial potato varieties cultivated 
under Kenyan conditions ranges from 5.31 to 15.39 
mg/100 g and are within the accepted safe limit of 20 
mg/100 g Fwt14. Immature tubers have been shown 
to have elevated glycoalkaloid levels5.  Thus, the safe 
level is significant and is used worldwide for selection 
and registration of novel varieties with high quality 
and commercial value.

Polyphenolic compounds such as chlorogenic 
acid (CGA), caffeic acid (CFA), gallic acid and 
protocatechuic acid are present in potato tubers 
as powerful antioxidants15 and protect against 
pathogens such as Phytophthora infestans and 
potato-cyst nematodes Globodera pallida and 
G.rostochiensis16. CGA which accounts for up to 90% 
of total phenolic content of potato tubers contributes 
to after cooking blackening and browning reactions 
that reduce the quality of processed potatoes17. 
Thus, phenolic compounds have been subject of 
intense research as it affects the quality of processed 
products beside its role in plant protection. Therefore, 
the objective of study was to determine the changes 
in the concentration of α-chaconine and α-solanine 
, total glycoalkaloids (TGA), chlorogenic acid and 
total phenolics (TP) during different growth stages 
in tubers of five farmer preferred varieties of potato 
grown in Kenya. 

materials and methods
Collection of Plant material
Certified seeds of five commercial potato varieties 
selected for their varied resistance to late blight and 
suitability for chips, crisps and table-stock use were 
obtained from National Potato Research Centre 
(NPRC), Tigoni Kenya (Table 1). 

experimental Design
The selected potato varieties were grown under field 
conditions in two growing periods at the University 
of Nairobi, Chiromo campus in Aug-Nov, 2010 and 
July-Oct, 2011, respectively. The varieties were 
planted in five rows (75 cm × 25 cm) in a completely 
randomized design with three replicates. 
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Table 1: Commercial potato varieties used for the study

Code name Source year  Duration optimal  Late blight Special 
   of  to  production resistance attributes
   release maturity  altitude 
    (Days) (masl)
  
60111 Asante KARI/CIP 1998 90-110 1800-2600 Fairly  Chipping 
      tolerant quality
60130 Desiree Netherlands 1972 80-100 1800-2600 Susceptible Good taste 
       and storage
60109 Dutch  Netherlands 1960,s 90-110 1600-2600 Moderate  Storage 
 Robijn     Susceptible and 
       crisping 
       quality
60110 Kenya  KARI/CIP 2006 110-130 1800-2600 Tolerant Crisping 
 Karibu      quality
60103 Tigoni KARI/CIP 1998 100-120 1800-2600 Tolerant Chipping 
       quality

Source: Lung’aho et al.18, 19 and National Crop Variety List-Kenya maintained at Kenya Plant Health 
Inspectorate Service (KEPHIS).

Tuber Sampling
Sampling was performed three times during tuber 
initiation, bulking and maturity at 55, 95 and 125 
days, respectively, after planting (DAP). Three plants 
from each variety in each replicate were randomly 
selected and six tubers each weighing 17-22 g 
were collected, washed with cold water to remove 
extraneous materials and thoroughly dried. The 
unpeeled samples were cut into small pieces using a 
kitchen chopper. The samples were then thoroughly 
mixed and sub-samples of 300 g were freeze-dried. 
The dry samples were ground in a Wiley mill® to 
pass through a 40 mesh screen and stored at 4 oC 
until used for extraction and analysis of glycoalkaloid 
and phenolic components.

extraction of Glycoalkaloids
Extraction of glycoalkaloids was conducted 
employing the method adapted from Cataldi  
et al.,20. Two and a half grams of tuber sample were 
dissolved with 35 ml of 2% acetic acid for 2 hours. 
The extract was recovered by vacuum filtration, 
residue washed with 15 ml of 2% acetic acid and 
the combined filtrate centrifuged for 30 minutes at 
6000 r.p.m. The supernatant was heated gently to 
75 oC, allowed to cool and subsequently 15 ml of 

58% aqueous NH4OH added to raise the pH to >10, 
alkaline condition needed to precipitate alkaloids. 
The alkaloids were rapidly precipitated in an ice-
water bath for 1 hour. The precipitate was collected 
by centrifugation at 6000 r.p.m for 30 minutes at  
1 oC and the pellet washed twice with 1% NH4OH 
prior to drying. The final pellet was placed in an oven 
at 60 oC overnight to evaporate the ammonia and 
solubilized prior to UV spectrophotometric and HPLC 
glycoalkaloid analysis.

extraction and Quantification of Phenolic 
Compounds 
Phenolic compounds were extracted according to the 
modified method of Marinova et al.,21. The powdered 
samples (10 g) from potato tubers were first extracted 
with hexane to remove lipids. Phenolic acids were 
extracted from dry and defatted samples using 80% 
aq. methanol (1g frozen tissues per 10ml solvent), 
vortexed for 30 seconds, allowed to stand for 30 
minutes and centrifuged at 6000 r.p.m for 10 minutes. 
The recovered supernatants were used for the 
quantification of total phenolics with Folin-ciocalteau 
(FC) reagent22. The absorbance of the reduced blue 
molybdenum-tungsten complex was measured at 
λ=765 nm using UV/Vis spectrophotometer.
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CGA was extracted from 200 mg of dry defatted 
powdered potato samples with 20 ml of 80% ethanol 
for 6 hours followed by centrifugation at 4000 r.p.m 
for 10 minutes. The supernatant was ultrafiltered 
using a 0.45 mm Nylon membrane and re-adjusted to 
a volume of 20 ml with 80% ethanol. The absorbance 
of the diluted samples were then determined using 
UV/Vis spectrophotometer at λ=325.   

hPLC analysis of Glycoalkaloids
The reversed-phase HPLC method was adapted 
from Friedman 23 with slight modifications on 
the mobile phase composition to improve peak 
resolution. Tuber glycoalkaloids were separated 
and identified using a Varian HPLC system (Varian 
Associates, Inc.). The HPLC system consisted 
of a 9050 variable wavelength UV-Vis detector, 
9010 solvent delivery system, a 4400 integrator, a 
manually operated Rheodyne® 7125 sample injector 
and a 20 µl loop. The separation was carried at 
room temperature on a Nucleosil 100-5 NH2 column  
(250 × 4.6 mm, 5µm) (Macherey-Nagel GmbH  
& Co.) using a mobile phase composed of THF/0.025M 
KH2PO4/ACN (50:25:25, v/v/v) at a flow rate of  
1 ml/min with UV-Vis detection at 208 nm.

The dried glycoalkaloid extracts were dissolved in 
2ml of the mobile phase and ultrafiltered through 
0.45 mm microfilter prior to HPLC separation. 
The identities and quantities of α-chaconine and 
α-solanine in tuber extracts were calculated based 
on consistent retention times and HPLC peak areas 
of analytical grade standards (α-cha and α-sol) 
obtained from Sigma-Aldrich. Equal volumes (20 µl) 
of glycoalkaloid standards of known concentration 
and potato extracts were injected into the HPLC in 
duplicate under standard conditions and all values 
were averaged. The TGA content in tubers was 
calculated as the sum of α-cha and α-sol and final 
results were expressed as mg per 100g Fwt24. 

uV Spectrophotometric analysis 
of Glycoalkaloids, Total Phenolics and CGa
Spectrophotometric measurements were carried 
out using a Beckman DU® 530 Life Science UV/Vis 
spectrophotometer (Beckman Coulter™). All potato 
tuber extracts were diluted appropriately before 
analysis to bring the sample absorbance to within the 
detection range of the UV-Vis spectrophotometer. 

Spectrophotometric determination of glycoalkaloids 
was conducted on dry pellets that were reconstituted 
in 3 ml of a mixture of 50% ethanol and sulphuric 
acid (1:2; v/v). One ml of 1% formaldehyde was 
added dropwise to the solution while the flask was 
stirred vigorously in an ice-bath. The flask was then 
transferred to a water bath maintained at 23-25 oC 
for 90 mins and the absorbance of the resulting 
purple-red colour measured at 562 nm using the 
UV-Vis spectrophotometer. Equal volumes (100 µl) 
of GA standards of known concentration and potato 
extracts were subjected to analysis. A GA standard 
curve was established with commercial α-solanine25. 
The absorbances values of TGA and phenolics were 
subjected to regression analysis and the resulting 
regression equations were used to estimate their 
concentrations.

The concentration of total phenolics in the tuber 
extracts was determined by Folin-Ciocalteau22. 
Fifty microlitres (50 µl) of each potato extract was 
transferred into a 15 ml glass tube, diluted with 
3.95 ml of distilled water followed by addition of 
250 µl of 10% FC reagent (phosphomolybdate & 
phosphotungstate) and vortexed thoroughly.  After 
5 mins, 750 µl of 7% Na2CO3 was added and the 
solution was incubated at room temperature for 2 hrs. 
Upon reduction of the FC reagent, the absorbance of 
100 µl of the resulting blue complex was measured 
at 765 nm using a UV-Vis spectrophotometer 
against the reagent blank. The concentration of 
total phenolics was calculated from chlorogenic 
acid standard curve and results of total phenolic 
content were expressed as mg CGA equivalents 
per 100 g fresh weight (mg CGA equ/100 g Fwt) of 
tuber tissue26. 

Chlorogenic acid content in the defatted potato 
powder was determined by UV-Vis spectrophotometry 
as described by Truong et al.,27. For electronic 
absorption, 100 µl of tuber CGA extracts were diluted 
with 3.90 ml of ethanol, vortexed and incubated at 
room temperature for 5 minutes. The absorbance 
of the samples was measured on a UV-Vis 
spectrophotometer at 325 nm against corresponding 
distilled water blank. The standard curve was 
generated from commercial CGA standard (purity> 
98%) (Fisher Scientific Co.). 
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recovery and reproducibility of α-Chaconine, 
α-Solanine and Chlorogenic acid
The accuracy of the analytical methods was validated 
by recovery experiments using the previously dried 
potato tuber powder with known amounts of authentic 
internal standards. The recovery of glycoalkaloids 
(GAs) was performed using α-chaconine as an 
internal standard. For this purpose, 20, 50 or 100 µg 
of α-chaconine was added into 2.5 g of variety Tigoni 
potato powder sample, thoroughly mixed, extracted 
and analyzed for glycoalkaloids in triplicate as 
described previously. This procedure was repeated 
with another set of dry tuber powder using α-solanine 
as an internal standard. 

The applicability and reproducibility of the recovery 
method to chlorogenic acid (CGA) and total phenolics 
was determined by adding 20, 50 and 100 µg of 
accurately weighed CGA to tubes containing 200 mg 
of var. Tigoni potato powder.  For CGA, the samples 
were mixed and extracted with 20 ml of 80% ethanol 
and quantified using UV-Vis spectrophotometer by 
reading their absorbance at 325 nm.  The recovery of 
total phenolics was obtained with CGA spiked potato 
samples that were extracted with 80% aq. methanol 
and quantified with FC method. The percent recovery 
was calculated using the formula; 

Recovery (%) = [RM/TC+AS] × 100

Where: RM, TC and AS are the amount of recovered 
metabolite, original tuber content and the amount of 
authentic standards added before extraction. The 
overall recovery values obtained for glycoalkaloids 
and phenolics were used to adjust their concentrations 
to correct for losses during extraction.

Statistical analysis
The results obtained for glycoalkaloid and phenolic 
contents were analyzed by linear regression using 
Genstat computer software (15th Edition). Student’s 
t-test was used to identify the peaks of α-cha and 
α-sol in crude extracts based on the corresponding 
retention times of their authentic standards. One-
way and two-way ANOVA were used to evaluate the 
differences between treatment means. Significant 
differences in the analytical contents of both 
glycoalkaloids and phenolics were compared with 
Fisher’s statistics. The p values of ≤ 0.05 were 
considered significant. The data were expressed as 
mean ± standard deviation. 

results and Discussion
recovery of α-Chaconine, α-Solanine and 
Chlorogenic acid
Recovery of glycoalkaloids (GAs) ranged from 86.4 
to 92.1 % and that of chlorogenic acid (CGA) from 
92.5 to 94.7% as indicated in Table 2.  

Table 2: recovery of α-chaconine, α-solanine and chlorogenic acid added 
to freeze-dried powder of potato variety Tigoni determined 

by hPLC and uV spectrophotometry

amount of added  % recovery
standards (μg)
 Glycoalkaloids  Chlorogenic acid

 α-chaconine α-solanine
 
20 87.7±1.8b 86.4±1.1 92.5±1.7b

50 88.4±2.3ab 89.7±1.3 93.4±1.3ab

100 89.7±1.9a 92.1±1.6 94.7±0.8a

Values are means ± SD of three replicates. Means in the same column followed 
by the same letter are not significantly different at level p≤0.05. Original tuber 
phytochemical content (mg/100g Fwt); α-chaconine = 6.47±0.14, α-solanine  
= 4.13±0.10 and chlorogenic acid = 63.5±0.12.
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The high recovery values of added glycoalkaloids 
and phenolics from tubers indicated the validity 
of the extraction methods used. Optimization of 
UV spectrophotometry and HPLC procedures for 
glycoalkaloids demonstrated that both techniques 
are of high accuracy and may be used to quantify 
total glycoalkaloids. This is in agreement with the 
findings of Friedman23 who observed that the two 
methods generate comparable values. The utility of 
inexpensive chemicals such as ethanol and methanol 
in UV spectrophotometry is advantageous for large-
scale surveys of total glycoalkaloids and phenolics 
during breeding programs. The HPLC procedure 
appeared more rapid and can be successfully 
applied for separation and analysis of α-chaconine 
and α-solanine in improved potato varieties that 
show potential for commercial production.

Glycoalkaloid and phenolic data were obtained from 
unpeeled freeze-dried tuber samples of potatoes 
at different stages of maturity. Since potato peels 
contain high levels of secondary metabolites, the 
reported results reflect the amount of glycoalkaloids 
and phenolics components present in whole 
tubers.  

Glycoalkaloid Content of Potato Varieties at 
Different Stages of maturity 
The total glycoalkaloid (mg/100g Fwt) content of 
tubers from five commercial potato varieties at 
different stages of maturity as determined by HPLC 
and UV spectrophotometry are shown in Table 3. The 
results indicate that the influence of variety and stage 
of maturation on the concentration of TGA in potato 
tubers were highly significant (p<0.001).  

Table 3: Total glycoalkaloid (TGa) (mg/100g) content of potato tubers at 
different stages of maturity as determined by hPLC 

and uV spectrophotometry

Variety Stage of maturity Total glycoalkaloid (mg/100g) content
 (Days after planting)
  hPLC uV
  analysis spectrophotometry

Asante 55 9.40a 10.07a

 95 8.67a 8.86a

 125 8.17 9.14
Desiree 55 9.02a 9.12a

 95 7.75a 7.79a

 125 7.03a 7.03a

Dutch Robijn 55 7.84a 7.88a

 95 6.73a 6.78a

 125 5.82a 6.17a

Kenya Karibu 55 10.48a 10.85a

 95 9.69a 9.76a

 125 8.38a 8.02a

Tigoni 55 12.22 10.57
 95 10.21a 9.49a

 125 9.24a 9.69a

LSD (0.05) SM    0.05 1.22               
(n=3) V   0.06 1.58
 SM×V   0.11 2.74

Values are mean of three replicates.  Means followed by the same letter along each 
row are not significantly different at level p≤0.05. LSD = least significant differences, 
SM = stage of maturity, V= variety, SM×V= stage of maturity and variety interaction. 
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The tuber total glycoalkaloid (TGA) contents 
determined by HPLC method ranged from 7.84 mg 
to 12.22 mg/100g, 6.73 mg to 10.21 mg/100g and 
5.82 mg to 9.24 mg/100g at 55, 95 and 125 days 
after planting (DAP), respectively. The tubers from 
Dutch Robijn and Tigoni varieties had the lowest  
(6.80 mg) and highest (10.56 mg/100g) concentration 
of mean TGA, respectively. The mean tuber TGA 
concentration obtained by spectrophotometry 
ranged from 6.94 mg to 9.92 mg/100g Fwt, in var. 
Dutch Robijn and Tigoni, respectively. The data 
clearly shows that there was a significant (p<0.001) 
TGA reduction from the period between tuber 
initiation and maturity.

α-Chaconine and α-Solanine Content of Potato 
Varieties at Different Stages of  maturity 
The HPLC results for α-chaconine (α-cha) and 
α-solanine (α-sol) content (mg/100g Fwt) of tubers 
from five commercial potato varieties are shown in 
Table 4. The varieties Dutch Robijn (DR) and Tigoni 
contained the least and the highest concentration 
of α-cha during tuber initiation, bulking and at 
harvest at 55, 95 and 125 days after planting (DAP), 
respectively. The results show that the influence of 
variety and stage of maturity on the concentrations 
of α-cha and α-sol in potato tubers were highly 
significantly (p<0.001).  

Table 4: α-chaconine and α-solanine content (mg/100g) of potato tubers 
at different stages of maturity

Variety Stage of maturity Glycoalkaloid (mg/100g) content
 (Days after planting)
  α-chaconine α-solanine

Asante 55  5.19a 4.21
 95 5.13a 3.54b
 125 4.97 3.20
Desiree 55 5.12a 3.90
 95 4.41 3.34
 125 3.93 3.10
Dutch Robijn 55 4.29 3.55b
 95 4.17 2.56
 125 3.53 2.29
Kenya Karibu 55 6.11 4.37a
 95 5.57 4.12
 125 4.86 3.52b
Tigoni 55 7.33 4.89
 95 5.91 4.30a
 125 5.46 3.78
LSD (0.05) SM    0.03 0.02
(n=3) V   0.04 0.03
 SM×V   0.07 0.05

Values are mean of three replicates.  Means followed by the same letter along 
each column are not significantly different at level p≤0.05. LSD = least significant 
differences, SM = stage of maturity, V= variety, SM×V= stage of maturity and 
variety interaction.

The mean tuber concentration of α-chaconine 
(α-cha) ranged from 4.29 mg/100g to 7.33 mg/100g, 
4.17 mg to 5.91 mg/100g and 3.53 mg to 5.46 
mg/100g at 55, 95 and 125 DAP, respectively  

(Table 3). There was a gradual decrease in α-cha 
content in tubers between the time tuberization 
at 55 DAP and at maturity 125 DAP.The tuber 
α-solanine (α-sol) content in all the tested varieties 
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followed a pattern similar to that of α-cha. The α-sol 
concentration in tubers at 55, 95 and 125 DAP 
ranged from 3.55 mg to 4.89 mg/100g, 2.56 mg 
to 4.30 mg/100g and 2.29 mg to 3.78 mg/100g, 
respectively. Overall, the average α-solanine (α-sol) 
content of tubers was highest (4.32 mg/100g) and 
lowest (2.80 mg/100g) in the vars. Tigoni and Dutch 
Robijn, respectively.

The results demonstrate that the concentration of 
glycoalkaloids at different stages of maturity was 
variety-dependent and are within the limits that have 
reported by other authors23,25. The glycoalkaloid 
values in this study are also in agreement with 
findings in potato varieties grown commercially in 
North America, Germany and UK28. Potato varieties 
with genetically high TGA have higher capability to 
synthesize glycoalkaloids to potentially fatal levels 

when grown under extremely stressful conditions such 
as high salt, drought and flooding29. Exceptionally 
high levels GA led to a ban on commercial cultivation 
of Vars. ‘Lenape’ and Magnum Bonum in USA and 
Sweden, respectively30,31. Therefore, breeders 
should identify and subject suitable parental lines to 
different environmental conditions before selection 
and registration of varieties with low glycoalkaloid 
(GA) content and other additional traits.

Chlorogenic acid and Total Phenolic Content of 
Potato Tubers at Different Stages of maturity 
The phenolic content of tubers from five commercial 
potato varieties determined by UV-spectrophotometry 
is shown in Table 5. The mean CGA and TP values for 
potato tubers ranged from 46.39 to 58.04 mg/100 g 
and 129.24 to 192.52 mg CGA/g, respectively. 

Table 5: Chlorogenic acid (CGa) and total phenolic (TP) content of potato 
tubers at different stages of maturity

Variety Stage of maturity Phenolic content
 (Days after planting)
  CGa (mg/100g) TP (mg CGa/g)

Asante 55  60.78ab 129.80de

 95 54.93de 122.82de

 125 51.39g 135.10de

Desiree 55 55.08cd 132.32de

 95 50.11gh 123.51de

 125 44.23i 125.49de

Dutch Robijn 55 51.77fg 153.30c

 95 46.81hi 135.33d

 125 40.59 120.32de

Kenya Karibu 55 63.81a 231.53a

 95 56.79c 195.20b

 125 53.04ef 132.41de

Tigoni 55 63.94a 234.61a

 95 58.30b 182.71b

 125 51.89efg 160.23c

LSD (0.05) SM   2.55 11.70
(n=3) V  3.30 15.00
 SM×V   5.71 26.10

Values are mean of three replicates.  Means followed by the same letter along 
each column are not significantly different at level p≤0.05. LSD = least significant 
differences, SM = stage of maturity, V= variety, SM×V= stage of maturity and 
variety interaction.
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The results indicate that variety and stage of maturity 
affect the concentration of tuber CGA and TP were 
highly significant (p<0.001). The CGA content among 
potato varieties ranged 46.39 to 58.04 mg/100g 
with vars. Dutch Robijn and Tigoni recording the 
lowest and highest concentrations, respectively. 
The corresponding total phenolic (TP) content 
varied from 127.1 to 192.5 CGA/100g Fwt with the 
highest and lowest concentration measured in vars. 
Tigoni and Desiree, respectively. The observed 
variations of TP and CGA among potato varieties 
evaluated are within the acceptable limits reported 
in previous investigations32,33 in which tuber TP and 
CGA contents ranged from 1.0-181 mg CGA/100g 
Fwt and 3.0-90 mg/100g Fwt, respectively. This study 
has also established that vars. Tigoni and Kenya 
Karibu (KK) have great potentials as a source of 
TP which can be positive in terms of the antioxidant 
intake but at the same time could speed potato 
browning reactions that lower their quality. The var. 
Asante exhibited higher levels of TP and a lower 
level of CGA. Therefore, adoption within Kenyan 
farming communities of potato vars. Tigoni, Asante 
and Kenya Karibu with enhanced phenolic content 
could increase the antioxidants in the diet.

The concentration of chlorogenic acid and total 
phenolic content decreased significantly from 
the period between tuber bulking at 55 days 
after planting (DAP) and the period when mature 
tubers were ready for harvest at 125 DAP. This 
demonstrates that the stage of maturity influences 
the level of phenolic compounds in potato tubers, an 

observation which is consistent with results of Reyes 
et al.,11 who reported decreased anthocyanins and 
total phenolics during tuber growth and development. 
The observed changes suggest that phenolic profiles 
can be useful to potato breeders and growers in 
selecting the optimum time for harvesting to increase 
antioxidant properties in food.

The research findings have demonstrated the 
influence of variety and stage of maturity on the 
levels of phytochemicals in potato tubers. The 
glycoalkaloid content in fresh mature tubers of all 
potato varieties studied were well below the upper 
safety limit of 20 mg/100g Fwt which implies that 
they are unlikely to pose any public health and 
safety concern. This study has also revealed large 
variations in total phenolic and chlorogenic acid 
contents among the potato varieties at different 
stages of maturity. The glycoalkaloid and phenolic 
levels decreased with increasing maturity of potato 
tubers. Therefore, harvesting at full maturity is 
essential for consumer safety as well as improved 
nutritional and commercial value. 
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