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ABSTRACT

Losses of potatoes are incurred during seasons of glut and farmers are forced to sell their
produce to middlemen at low prices due to short storage life of the raw tubers. Processing
potatoes after harvesting into dehydrated products such as potato flakes is one of the ways to
overcome the problem of inadequate and inappropriate bulk storage of raw potatoes. Potato
flakes are known to be shelf stable and hence assure users of the availability of the produce all
year round. This study was instituted to establish the potential of processing potato flakes from
selected popular Kenyan potato varieties. Five potato varieties (Tigoni, Dutch Robjin, Desiree,
Kenya Mpya, and Sherekea) which are popular commercially were used in this study. The
varieties were harvested after maturity and processed into potato flakes before evaluation of
retained vitamin C, color, oil and moisture content, and sensory attributes. The varieties used in
this study had dry matter contents ranging from 18.2% to 23.7%. Oil content of the flakes was
significantly (P<0.05) lower in Dutch Robjin (0.23%) compared to Desiree (0.76%). Oil content
of flakes significantly (p=0.011) but negatively correlated (r=-0.956) with dry matter content of

the raw potatoes. Reduced ascorbic acid (vitamin C) in raw tubers differed significantly (P<0.05)
1


mailto:georkoyo@yahoo.com

among the varieties ranging from 90.37 mg/100g in Kenya Mpya to 127.56 mg/100g in
Sherekea. The vitamin decreased in flakes, the reduction being higher in Kenya Mpya (60.34%)
and Sherekea (71.71%) compared to Tigoni (18.15%) and Desiree (23.26%). Overall, Dutch
Robjin was the best variety for flakes followed by Desiree and Tigoni with regard to overall
acceptability. Sherekea was unacceptable while Kenya Mpya was barely acceptable. Promotion
of these varieties for flakes processing will not only diversify the range of potato products, but

also add value to local potatoes.
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INTRODUCTION

Potatoes produced in Kenya are used in homemade recipes and industrial processing of French
fries, potato crisps, potato sticks and other related products (Abong’, et al., 2010a). There are,
however, considerable losses during seasons of glut and farmers are forced to sell their
produce to middlemen at low prices due to short storage life of the raw tubers. Coupled with
lack of appropriate cold storage facilities, many varieties of potatoes grown in Kenya are not
suitable for production of fried products even after reconditioning from cold storage. They
accumulate high amounts of reducing sugars leading to dark brown fries which are

unacceptable to many consumers (Abong’ et al., 2009a).

The position of potato in the world as an important food crop is well documented, being one of
the staple foods providing food security to millions of the populace (CIP, 2012). In terms of
utilization, potatoes are ranked second after maize in Kenya, and are a major food staple (MoA,

2009). Processing potatoes after harvesting into dehydrated products such as potato flakes is



one of the ways to overcome the problem of inadequate and inappropriate on-farm storage of
raw potatoes. Potato flakes are known to be shelf stable and hence assures users of the
availability of the produce all year round (Neilson et al., 2006; Nayak et al., 2011; Boesch et al.,

2012).

The process of converting potato into flakes involves many stages culminating in drum drying of
potato slurry or mash which can be compared to precooked starchy baby foods, casein, and
milk, maltodextrins and fruit pulps. In normal circumstances, potato slurry is spread on the
surface of a heated drum with steam condensing inside the drum. Heat is transferred through
the metal of drum and moisture is evaporated usually with appropriate scraping device from the
dried slurry adhering on the drum (Kakade and Ali, 2011).

Potato flakes have wide range of uses including thickening agent (Van Hecke, 2012); extruded
products (Dushkova et al., 2011); fabricated potato chips; snack pellets; battered breaded
products, and potato powder (Kakade and Ali, 2011). In our unpublished data on potato flakes
survey, there exist only two brands of potato flakes in Kenya, an imported brand from the
United States of America and a locally packaged brand whose source is unclear (Abong’ and
Kabira, 2012). It was difficult to establish if any of the local varieties are used in processing. This
study was instituted to establish the potential of processing potato flakes from selected popular
Kenyan potato varieties.

MATERIALS AND METHODS

Raw potatoes for processing

Five potato varieties which have previously been found to have good processing characteristics
(Abong’ et al., 2009b, Abong’ et al., 2010b) were used in this study. Three established varieties:
Tigoni, Dutch Robjin, Desiree and two newly released varieties, namely Kenya Mpya and
Sherekea were grown under standard cultural conditions at the National Potato Research

Center, Tigoni between April and August 2012. The crop was dehaulmed after maturity and
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harvested after two weeks. Tubers were cured for two more weeks in a dark store under
ambient air conditions before processing. Dry matter and reduced ascorbic acid contents were
analyzed in raw tubers and processed flakes.

Processing of potato flakes

About 5 kg of fresh potatoes from each of the five varieties were hand-peeled using a knife,
trimmed and washed with clean water to remove surface dirt before cutting into 20-30 mm size.
The potatoes were cooked by boiling until ready (just when a fork could penetrate with minimal
force) before being converted into a mash using a cooking stick. A single drum dryer (I0T7578
SERIES OCD, Renold Limited, Germany) comprising a hollow drum allowing for introduction of
steam was used for dehydration. The drum was made of stainless steel with a length of 300
mm, and an outer diameter of 320 mm, the effective area of drum surface available for drying
being 3.02 m2. The drum speed was set at 10 rpm and a scraper blade fitted to the drum so that
the residence time of feed on drum surface was 10 s. As the drum rotated towards the scraper
blade, the potato mash dried and was scraped out as a thin layer of dry material from the
surface of the drum. The dried mash was broken into smaller particles, packaged and sealed in
flexible polyethylene bags (300 gauge) after cooling to 20-25°C.

Dry matter and moisture content: Dry matter and moisture contents of raw potatoes and
processed flakes were determined on triplicate samples by standard analytical methods (KEBS,
2007).

Determination of reducing sugars of raw tubers

Reducing sugars levels were determined in the raw potato tubers as per the method described
by Abong’ et al. (2011a).

Oil content of potato flakes: The oil content was determined by extraction of 2.5 g of finely

ground samples of flakes in a Soxhlet apparatus for 8 hours using analytical grade petroleum



ether (boiling point 40-60 °C) according to the method described by KEBS, 2007 and the oll
content calculated as a percent.

Potato flakes color: Flakes color was determined using a color spectrophotometer (NF 333,
Nippon Denshoku, Japan) in the Commission International de I'Eclairage (CIE) Lxaxb* scale
described by Abong et al., 2011a).

Determination of vitamin C: Vitamin C was determined as Reduced Ascorbic Acid (RAA) in
raw and processed flakes by indophenol dye as described by Masamba and Nguyan (2008).
Sensory analysis: Potato flakes from each variety were coded and samples presented to 10
panelists familiar with processed potato products. Panel members scored for color, taste, mouth
feel, aroma, and overall acceptability on a 7-point hedonic rating scale with 1= dislike very much

to 7 = like very much (Larmond, 1977). A score of 4 was the lower limit of acceptability.

Data analysis: Analytical data obtained for each parameter were subjected to analysis of
variance (ANOVA) for comparison of means and significance differences tests at 5% level of
significance using Statistical Analysis System (SAS version 9). Significant differences were
considered at P<0.05. Pearson correlation was performed between dry matter of raw tubers and
oil content of flakes, sensory color scores and laboratory color analysis.

RESULTS AND DISCUSSION

Variation in raw potato tuber dry matter content

The varieties used in this study had dry matter contents ranging from 18.2% in Desiree to 23.7%
in Dutch Robjin. Dry matter contents of Desiree and Kenya Mpya were significantly (P<0.0001)
lower compared to Sherekea, Tigoni and Dutch Robjin (Figure 1). Dry matter content of raw
potato is an important parameter to be considered especially if the tubers are meant for
processing. Potato dry matter content is influenced by among other factors the variety. Dry

matter influences the starch matrix and content and hence functional properties of processed
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products (FranCakova et al.,, 2011). Higher dry matter content means that the processor is
assured of good textural properties and higher yield (Burton, 1989). Fat content correlates
negatively with dry matter content especially in cases where deep-oil frying is involved
(Pedreschi et al., 2010; Abong’ et al., 2010b). In case of processing flakes, it means that there
will be less energy consumption, time and higher yields when dehydrating the variety Dutch

Robjin compared to Desiree.
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Figure 1: Dry matter content of Desiree, Kenya Mpya, Sherekea, Tigoni and Dutch Robjin.
The bars indicate standard error of the means.
Attributes of potato flakes

Oil and moisture content of dehydrated flakes



The moisture content and oil content (dry weight basis) of flakes differed significantly (P<0.05)
from the five varieties used in processing (Table 1). Oil content of the flakes were significantly
lower in Dutch Robjin (0.23%) compared to Desiree (0.76%). On the contrary, moisture content
of flakes from Kenya Mpya, Sherekea and Tigoni did not significantly (P>0.05) differ from each
other. This was the same for Desiree and Dutch Robjin, flakes moisture content did not have
any particular varietal pattern. Oil content significantly (p=0.011) but negatively correlated (r=-

0.956) with dry matter content of the raw potatoes.

Oil content in potato that has not undergone any type of frying is always low as confirmed with
these dehydrated flakes in the current study. It is, however, important to note that the oil present
in potato product however small it may be is a critical determinant of flavor and shelf-life (Woolfe
1987; Ziaiifar et al., 2008). Potato flakes therefore provide low- oil products that can be used in
a variety of food preparations. The low moisture content of the flakes ranging from 10.21% in
Desiree to 11.65% in Kenya Mpya makes it possible for long period of storage. The lower the
moisture, the longer the product can store since the water activity will not support oxidation or
microbial activities so long as the packaging is suitable (Marsh and Bugusu, 2007; Abong’ et al.,

2011b).

Table 1: Oil and moisture contents of flakes from five Kenyan varieties

Variety Oil content (%)*  Moisture Content (%)
Desiree 0.76 £ 0.08a 10.21 + 0.30b
Dutch Robjin 0.23£0.02d 10.85+0.21b
Kenya Mpya 0.50 + 0.14b 11.65+0.78a
Sherekea 0.32 +0.03c 11.35+0.91a
Tigoni 0.53 + 0.04b 11.40 £ 0.57a

1Qil content values are expressed on dry weight basis (dwb)
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Values are means of duplicate determinations+ standard deviation
Values with similar letters in the same column are not significantly different at 5% level of

significance

Effect of processing on reduced ascorbic acid (vitamin C) content

Reduced ascorbic acid in raw tubers differed significantly (P<0.05) among the varieties ranging
from 90.37 mg/100g in Kenya Mpya to 127.56 mg/100g in Sherekea. The levels, however,
reduced significantly (P<0.05) when the tubers were processed into flakes. The reductions were
higher in Kenya Mpya (60.34%) and Sherekea (71.71%) compared to Tigoni (18.15%) and

Desiree (23.26%).

Table 2: Reduced ascorbic acid (mg/100g, dry weight basis) in raw potato tubers and

dehydrated flakes

Variety Raw tubers Potato Flakes  Reduction (%)

Desiree 126.60 + 0.85a 97.15 + 4.55a 23.26
Dutch Robjin 117.73 £ 4.90b 72.43 + 1.05c 38.48
Kenya Mpya  90.37 +0.48d 35.85 + 3.15d 60.34
Sherekea 127.56 + 2.42a 36.09 + 1.40d 71.71
Tigoni 106.91 + 2.70c 87.51 + 3.5b 18.15

Values are means of duplicate determinations+ standard deviation

Values with similar letters in the same column are not significantly different at 5% level of
significance

Potatoes are known to have high levels of vitamin C matching or surpassing some fruits. The
vitamin C in potato tubers and its products is readily available and easily absorbed by the

human body (Yoshitaka et al., 2012). The Irish poor for instance relied on the potato almost
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exclusively as the main source of vitamin C to an extent that the great famine that wiped
potatoes caused widespread scurvy and other infections (Geber and Murphy, 2012). The
variation in vitamic C is largely due to cultivar (Murniece et al., 2011; Abong et al., 2011,
Lombardo et al., 2012). The levels of the vitamin can, however, be influenced by cultivation
system indirectly through control of photosynthesis and metabolism of precursors such as
sugars, environmental conditions and cultural practices such as pest control (Lee and Kader,
2000; Marek and Krystyna, 2012). The levels of vitamin C in the current study compare with
those reported by Lombardo et al. (2012) which ranged from 49 to 74 mg/100g fresh weight
basis, but are higher than those reported by Murniece et al. (2011) of 10-15 mg/100g fresh
weight. Vitamin C is among the most heat-sensitive vitamins during thermal processing or
extrusion (Riaz et al., 2009). The loss of the vitamin during dehydration is attributed to
irreversible oxidation and thermal destruction that occurs during drying (Vega-Ga’lvez et al.,
2008; Mrad et al., 2012). The effect of thermal dehydration is variety specific, probably due to
differences in individual cell matrix that make up a given potato variety.

Color parameters of the flakes

Flakes color differed significantly (P<0.05) among the varieties (Table 2). Lightness parameter
was least in Desiree (78.58) and highest in Dutch Robjin (84.78). In all cases the lightness
parameter was relatively high and therefore all the varieties gave good color. Redness
parameters were all negative indicating less browning among the varieties. Yellowness
parameter ranged from 14.7 in Sherekea to 27.80 in Desiree. The color of flakes and any food
product is of utmost importance since it determines the acceptability of the product (Wang-
Pruski and Nowak, 2004; Pedreschi et al., 2006). Color of processed potato products is
determined before harvest by the kind of cultural practices such as fertilization, harvesting time
and maturity. These activities influence the reducing sugar content which reacts at high
temperatures with free amino acids to cause browning (Abong’ et al., 2009a; Abong’ et al.,
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2011a; Halford et al ., 2012). Extensive browning did not occur in flakes as shown by high
lightness and low redness parameters. Since light flakes are preferred by consumers (Kakade

and Ali, 2011), it is expected that they will be acceptable as far as perceived color is concerned.

Table 2: Color parameters for flakes from five selected potato varieties?

Variety L*2 a*? b*2

Desiree 78.58 + 1.51c -0.80+£0.00a 27.80+1.23a
Dutch Robjin 84.78 £ 0.67a -4.08 £ 0.17d 21.88 + 1.63b
Kenya Mpya 83.50 £ 3.73a -2.00 £ 0.22c 15.83 + 1.12cd
Sherekea 82.03 + 0.58b -1.25+£0.31b 14.70 £ 1.97d

Tigoni 81.70 £ 0.88b -2.15+0.19c 17.55+2.37c

values are means of four determinations + standard deviation
2Values with similar letters in the same column are not significantly different at 5% level of
significance

Sensory attributes of flakes from five Kenyan varieties

Table 3 indicates variations in sensory attributes of flakes from five potato varieties. Sensory
color scores significantly differed (P<0.05) among the varieties being lowest in Sherekea (3.4)
and highest in Dutch Robjin (5.5). Scores for Desiree, Kenya Mpya and Tigoni did not, however,
differ significantly meaning that panelists did not notice any apparent differences. On the other
hand, flakes from Sherekea were rejected on the basis of color, scoring below 4 which was the
minimum lower limit. There was no significant (P>0.05) correlation between sensory color score
and any of the color parameters (L*, a* and b*) implying that it is not possible to simply use the
objective measurements to predict consumer choice of the flakes by use of color. Scores for

taste were significantly higher in flakes processed from Desiree and Ducth Robjin and lower in
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Sherekea and Kenya Mpya. Taste of the flakes from Sherekea, Kenya Mpya and Tigoni was not

acceptable.

Table 3: Sensory attributes of flakes from five selected potato varieties?

Variety Color? Taste? Mouth feel> Aroma? Overall
acceptability 2
Desiree 4.8+ 0.8b 4.0 £ 0.9a 4.4 +0.8ab 4.4 +0.6b 4.7 +0.8b
Dutch Robjin 55+ 1.1a 42+11a 46+1.1a 50+ 1.2a 51+1.2a
Kenya Mpya 4.7+ 1.4b 3.3+x16¢ch 3.9+1.2cd 41+1.3b 39+1.1c
Sherekea 3.4+£0.9c 3.2+0.9c 3.7+ 0.6d 40+ 1.4b 3.4+1.0d
Tigoni 46+1.4b 3.6+0.9b 4.2 +1.2bc 41+1.0b 40+1.1c

values with similar letters in the same column are not significantly different at 5% level of
significance

2Evaluation was done on 7-point hedonic scale. A score of 4 was the acceptable lower limit

Sensory scores for the mouth feel and aroma of flakes significantly (p<0.05) differed with the
variety, being highest in Dutch Robjin and lowest in Sherekea. Whereas all the flakes were
acceptable in terms of flavor, Sherekea (3.7) was unacceptable while Kenya Mpya (3.9) was
barely acceptable. Overall, Dutch Robjin with a score of 5.1 was the best variety for flakes
followed by Desiree (4.7) and Tigoni (4.0), respectively. Sherekea (3.7) was unacceptable while

Kenya Mpya (3.9) was barely acceptable.

CONCLUSION

Generally, acceptable potato flakes were processed from the five Kenyan potato varieties
selected for this study. Dutch Robjin, Desiree and Tigoni produced excellent flakes compared to
Kenya Mpya which was barely acceptable while Sherekea was unacceptable. Promotion of
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these varieties for flakes will not only diversify range of potato products, but will also add value

to local potatoes.
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