American Journal of

Food Technology

ISSN 1557-4571

@

Academic
Journals Inc. www.academicjournals.com




American Journal of Food Technology 6 (1): 72-79, 2011
ISBN 16567-4571 1 DOI: 10.3923/j1.2011.72.79
© 2011 Academic Journals Inec.

Evaluation of Cooking Quality Characteristics of Advanced Clones
and Potato Cultivars

'D. Hassanpanah, “I1. Hassanabadi and *S.T1. Azizi Chakherchaman

'Agricultural and Natural Rescurces Research Centre of Ardabil, P.O. Box 58491-11169, Ardabil, Iran
*Heed and Plant Improvement Research Institute, Iran

Department of Agronomy, Islamic Azad University, Tabriz Branch, Iran

Corresponding Author: Hassanpanah Davoud, Agricultural and Natural Resources Research Station of Ardabil,
P.O. Box 56491-11169, Iran Tel: 00984518810610, 00989144516703 Fax: 00984512663408

ABSTRACT

For determination of cooking quality characteristics of advanced clones and potato cultivars,
this experiment was conducted to determine the quality characteristics on the three advanced
clones (397009-3, 397082-2 and 396156-6) and three potato cultivars (Agria, Marfona and
Savalan) under in vitro condition in Ardabil, Iran in 2009, Experimental design was completely
randomized with three replications. In the study some of characters were measured such as dry
matter and starch percent, specific gravity, french-fry and chips color and quality, cooking type,
texture firmness and flavor. Analysis of variance showed that significant differences between
cultivars and clones for tuber vield, dry matter and starch percent, specific gravity, french-fry and
chips colar and quality and reducing sugars amount. The 397082-2, 396156-6, 397009-3 clones and
Savalan cultivar had the highest yield. The highest dry matter, starch and specific gravity belonged
to 396156-6 and 397009-3 clones and Savalan cultivar. These cultivars had C cocking type.
Therefore, the 396156-6 clone and Savalan cultivar are recommended for chips production, 397009-
3 clone for french-fry, chips and starch production. The Marfona cultivar had a lower dry matter
and B cooking type. Potatoes of this type are suitable for eating boiled, mashing and fresh and
conserve potato consumption.

Key words: Chips, dry matter, texture, flavor, cooking, potato

INTRODUCTION

Potato (Solanum tuberosum L.) is grown and eaten in greater countries more than some other
crops (Stephen, 1999). It 1s a crop that grows mainly in climates with cool temperate with full
sunlight, moderate daily temperatures and coocl nights. Short days generally induce tubers in
potatoes, although many modern cultivars can initiate tuberization in the long days of north
regions temperate (Tarn ef al., 1992). Among the most important crops in the world (Fernie and
Willmitzer, 2001) and Iran (FAQ, 2008), potato is ranked in fourth grade in annual production
after the cereal species rice, wheat and barley. Iran is the world's 12th potato producer and the
third biggest producer in Asia, after China and India's mentioned above (FAO, 2008).

More potatoes are being consumed after processing. Although, there are more than one
hundred cultivars in the USA and Canada, only some cultivars are suitable for processing.
Processed potatoes may be consumed as chips, french-fry or utilized for producing of starch and
alcohol. Product efficiency depends on fresh potato quality (Harris, 1978; Marangoni and Yada,
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1994). Potato cultivars have differences in tuber yield capacity, tuber appearance and resistance
to pests and diseases, baking quality, maturity and storage characteristics and chemical
composition. Some desirable attributes for potato tubers are high storage capacity, mid size, good
shape, adequate color, no scars or cracking, smooth eyes and a smooth skin (Fallahi, 1997,
NIVA, 2002).

Until 1984, the most breeding work on potatoes was concerned primarily with increasing yield,
resistance to diseases, pests and environmental stresses (Marangoni and Yada, 1994). However,
since then, research has focused on fresh consumption and processing tuber quality. The most
important quality attributes are tuber shape and size, injury and diseases, dry matter and starch
content and reduced sugars. In most cases, the best size and shape for a good quality tuber is
round-oval and 150-200 g (Harris, 1978; NIVA, 2002). Long oval shaped tubers with more than
50 mm are required for French-fry production and reund tubers between 40-60 mm are required
for chips production (Beukema and van Der Zaag, 1990; Burton, 1989; NIVA, 2002). Dry matter
percent. varies between 13.1 to 36.8% (mean = 24%) and its amounts is important for quality. If dry
matter be low, chips will be soft and extra energy needs for reduction of water content. However,
if the dry matter content be too high, the french-fry will be too hard and chips will be too brittle.
Dry matter percent. also affects o1l consumption. Dry matter must be 20-24% for french-fry, 22-24%
for chips and more than 21% for flake industry (NIVA, 2002),

Color is one of the most important criteria in chips quality. High sugars are not suitable for
frying because it makes the chips colorless. The sugars reducing rate determines the color of
products. This rate must be no more than 0.3% of the fresh weight. For french-fry production, the
standard is less than 0.5% of the fresh weight. For flake and granule to use in snack production,
the reducing sugar content should not be exceeding 0.3% of the fresh weight. Increasing sugars
reducing will lead to dark and brackish chips. For producing alcohol, high starch content is
necessary (NIVA, 2002; Harris, 1978).

The objective of this study 1s tuber yield, dry matter percent, specific gravity, starch percent,
french-fry and chips color, cooking type, texture firmness and flavors of the cultivars tubers
determination.

MATERIALS AND METHODS

This experiment was conducted to determine the quality characteristics on the three advaneced
clones (397009-3, 8397082-2 and 396156-6) with three potato cultivars as controls (Agria for French
fries, Marfona for salad and mashing and Savalan for chips) under in vitro condition in Ardabil,
Iran in 2009, Experimental design was completely randomized with three replications. In the study
some of characters were measured such as dry matter percent, starch percent, specific gravity,
reducing sugars, french-fry and chips color and quality, color change of raw tuber flesh after
24 h, cooking type, baking assessment (disintegration, after cooking blackening, texture firmness
and flavors).

Determine qualitative characteristics

Dry matter percent: The 1.5 kg of tubers (60-80 mm diameter) were peeled and put into oven at
100°C for 48 h. After cooling, the dry matter percent was calculated (Hassanabadi and
Hassanpanah, 2003).

Specific gravity: Specific gravity was measured by weighting 5 kg of tubers in air and water. It
calculated by use of below equation (NIVA, 2002).
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Specific gravity = al(a-b)

where, a1s weight in air and b 1s weight in water.

There is a relation between specific gravity, dry matter and starch percent, where the dry
matter percent = 24.182+211.04x(Specific gravity-1.0988) and starch percent =
17.546+119.07x(8Specific gravity-1.0988),

French-fry color: Ten tubers (60-80 mm diameter) from each cultivar were cut into 10-13 mm
slices and washed in tap water for 2 min. The slices were then fried in il at 180°C for three
minutes and compared using a 1-9 scale (1 for very dark and 9 for very bright) (Hassanabadi and
Hassanpanah, 2003) (Table 1).

Chips color: Ten potato tubers (60-80 mm diameter) from each cultivar were cut into 1.25 mm
slices after peeling and washed in tap water for 2 min. Then they dried and fried. After 2-3 min in
o1l at 180°C, the color was compared using a 1-9 scale (1 for very dark and 9 for very bright)
{(Hassanabadi and Hassanpanah, 2003) (Table 2).

Crisps and french-fries quality: For determining of erisps and french-fries quality selected ten
person for randomly. Then cultivars ranked after eating of crisps and french-fries.

Color change of raw tuber flesh after 24 h: One tubers each cultivar selected and cutted
longitudinally from centre of tuber. The pieces are exposed to the air for 24 h before being
examned. The color change of raw tuber flesh after 24 h is assessed on a 1-9 seale (Table 3):

Cooking type: The cultivars and clones grouped for cocking type in four groups A, B, C and D
{Table 4).

Table 1: Ranking french-fry color
Color Scale Status

Pale cream till white 9 Accepted completely
Cream 8 Accepted

Very pale yellow 7 Accepted rather
Pale sellow 3] Non accepted
Brown 5 Non accepted

Dark brown 3 Non accepted

Very dark brown 1 Non accepted

Table 2: Ranking chips color

Color Scale Status

Pale cream till white 9 Accepted completely
Cream 8 Accepted

Very pale yellow 7 Accepted rather
Pale sellow [&] Non accepted
Brown 5 Non accepted

Dark brown 3 Non accepted

Very dark brown 1 Non accepted
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Baking assessment: Tubers are washed and baked until cooked. They are assessed while still hot,
by atrained panel (not less than 4 persons) in the following sequence:

Disintegration: The backed tuber is cut in half and the presence or absence of after cooking
blackening is noted. 1-4 assessment is used: severer (1), moderate (2}, slight (3) and none (4).

After cooking blackening: Tubers are cocked and peeled. The color change assessed after 24 h.
1-9 assessment is used: severe (1), some to severe (2), some (3), little to some (4), some (5), trace to
little (8), trace {7), none to trace and (8), none (9},

Texture firmness: The firmness or softness of the cooked flesh 15 assessed by slowly pushing a fork
down into the centre of the tuber. Texture firmness is assessed on a 1-4 secale: strong (1), rather
strong (2), rather mealy (3) and mealy (4). The potato 1s assessed by mouth feel for dryness and
noted as moist or dry. If there is variation in the sample the majority characteristic is noted.

Flavor: Each tuber is tasted and each person assesses potato flavor, expressed as (Table 5):

Table 3: Ranking colar change of raw tuber flesh after 24 h

Color Scale Status

Very low 1 Accepted completely
Very low to low 2 Accepted

Low 3 Accepted

Low to medium 4 Accepted rather
Medium 5 Accepted rather
Medium to high 3] Non accepted

High 7 Non accepted

Very high to high 8 Non accepted

Very high 9 Non accepted

Tahle 4: Classification of cooking type

Cooking type Suitable for Structure Dry matter percent
A Salad Very soft <16

A Salad Soft 16-18

B Mashing Rather soft 18-20

C French-fries Mealy 20-22

D Chips Very mealy >22

Tahble 5: Ranking flavar
+8cale Status

Very poor

Very poor to poor
Poor

Poor to moderate
Moderate
Moderate to good
Good

Good to very good

0 o0 -3 Oy O s W o

Very good
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Reducing sugars amount: Reducing sugars amount measured with 2, 4-Nitro-Phenol method.
This method, first a homogeneous sample putted in 50 mL conical tube and it added 50 mL distilled
and 45 sec moved strongly, then 10 min centrifuged 200 rpm. After centrifugation transferred
1 mL of front solution to the 16 em test tube and added 2 mL 2, 4-Nitro-Phenol solution and we
strongly shake for 10 sec and heated 6 min in boiling water bath. Than cocled in cold water and
sample absorption measured in the 600 nm wave length with using spectrophotometers the
maximum distance of 20 min. To reset. to zero of Spectrophotometers used distilled water. Draw a
standard curve for glucose, 1 mL glucose standard solution with concentrations of O, 0.2, 0.5 and
1 mg mL ! removed and measured as potato samples. Finally, the amount of absorption measured
with using Spectrophotometers. The based on results calculated and estimated regression equation
and regeneration sugar amount of potatoes (Gorji et al., 2005),

RESULTS AND DISCUSSION

Analysis of variance showed that significant differences between cultivars and clenes for tuber
yield, dry matter and starch percent, specific gravity, french-fry and chips color and quality and
reducing sugars amount.

The 397082-2, 396156-6, 397009-3 clones and Savalan cultivar had the highest yield, while
the lowest yield were related to Agria and Marfona cultivars., Farmers are more interested in the
cultivars produce consistent yields under their growing conditions and breeders want to meet these
needs (Mulema et al., 2008),

Results qualitative characteristics showed that the highest dry matter percent, starch percent
and specific gravity belonged to 396156-6 and 397009-3 clones and Savalan cultivar. These
cultivars had C cooking type (Table 6). Potatoes of this type are mealy and rather dry. The surface
of the potato may disintegrate to some extent. They may be rather soft in consistency and rather
coarse in structure. Therefore, the 396156-6 clone and Savalan cultivar are recommended for chips
production, 397009-3 clone for french-fry, chips and starch production.

The Marfona cultivar had a lower dry matter and B cooking type (Table 6). Potatoes of this type
are slightly mealy. Their surface is dull and does not disintegrate or only to some extent. The
potatoes are rather firm, slightly humid or rather dry and must be fine to rather fine. Potatoes of
this type are suitable for eating boiled, mashing, fresh and conserve potato consumption.

The Agria cultivar and 397009-3 clone had high dry matter (21.5-22 %) (Table 8). They are
suitable for french-fry potato consumption. The Marfona cultivar and 397082-2 clone had moderate
dry matter (19.5-21.5 %) and rather strong (Table 6). They are suitable for eating boiled, frying,
mashing and fresh and conserve potato consumption. The Agria and Savalan cultivars and 396156-
6 and 397009-3 clones had yellow tuber fresh and Marfona cultivar and 397082-2 clone white
tuber fresh (Table 6},

Increased dry matter production, increased the potato chips production efficiency and produced
good chips with less fat, better taste than potatoes with less dry matter (Talburt, 1987).

The flavor of Agria and Savalan cultivars and 396156-6 and 397009-3 clones were very good.
They are suitable for cooking with water and steam. The lowest color change of raw tuber flesh
after 24 h belonged to Marfona cultivar and other cultivars were medium (Table 6).

The highest reducing sugars belonged to Agria cultivar and 396156-6 clone and the lowest
reducing sugars belonged to 397009-3 clone and Marfona cultivar. However, reducing sugars of
397009-3 clone and Marfona cultivar were lower than Agria cultivar and 396156-6 clone.
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Tahble 6: Mean of quality traits in potato cultivars

Total tuber Dry matter Specific Starch
Cultivars yield (t ha™) (%) gravity percent Flesh color Color change of raw tuber flesh after 24 h
Agria 37.93¢ 21.83¢ 1.086b 16.02b Yellow 5 (Medium) Accepted rather
Marfona 38.27c¢ 19.67d 1.077¢c 14.95¢ White 3 (Low) Accepted
Savalan 5738 a 2252b 1.091b 16.62b Yellow 5 (Medium) Accepted rather
396156-6 4911 b 2441 a 1.100a 1769a Yellow £ (Mediim) Accepted rather
397082-2 54.84 a 21.68¢ 1.087h 16.14 b White £ (Mediim) Accepted rather
397009-3 49.00 b 22.04 b 1.089b 16.38 b Yellow £ (Mediim) Accepted rather
French-fry Chips
Cooking with Cooking with Guality Guality
Cultivars  water (scald) steam Color (acceptance ability) Color (acceptance ability)
Agria 7 (Accepted) 7 (Accepted) 7 (Very pale yellow)  Accepted rather 8 (Cream) Accepted rather
Marfona 5 (Accepted rather) 5 (Accepted rather) 8 (Cream) Non accepted 8 (Cream) Non accepted
Savalan 7 (Accepted) 7 (Accepted) 7 (Very pale yellow)  Accepted rather 8 (Cream) Accepted
396156-6 T (Accepted) 7 (Accepted) 7 (Very pale yellow)  Accepted rather 8 (Cream) Accepted
397082-2 3 (Non accepted) & (Accepted rather) 8 (Cream) Non accepted 8 (Cream) Non accepted
397009-3 7 (Accepted) 7 (Accepted) 8 (Cream) Accepted 8 (Cream) Accepted
Baking assessment
Reducing sugars
After cooking Texture amount (mg kg™!
Cultivars Disintegration blackening firmness Flavor of dry matter) Cooking type Suitable for
Apria None MNone to trace Mealy Very good 135 C (Mealy) French-fry
Marfona  Naone Trace Rather strong Moderate to good 90 B (Fairly firm) Fresh consumption
Savalan None None to trace Mealy Very good 118 C (Mealy) Chips
396156-6 None None to trace Mealy Very good 130 C (Mealy) Chips
397082-2 Moderate Some Rather strong Poor to Moderate 110 B (Fairly firm) Fresh consumption
397009-3 Nane MNone to trace Mealy Very good 90 C (Mealy) Starch, chips,

french-fry

This study had not potatoes cultivars A and D type. Potatoes of A type are not mealy. Their
surface 1s smooth and shiny transparent. They have a firm consistency. The potatoes may be
above all not wet and soft and the structure must be fine. Potatoes of this type are suitable for
using as potato salad and eating boiled. Potatoes of "D" type are very mealy and usually dry.
The surface may disintegrate entirely and sometimes potatoes of this type may completely
disintegrate be very soft in consistency and have a fibrous structure. Fotatoes of this type are
suitable for chips.

Hassanpanah et al. (2006) Picasso, Romano, Aczonia, Cosima, Draga and Ilona were selected
for conserve. Agria, Aula, Herta, Aziza and Sante were selected for chips, granule and french-fry.
S0 Kuras and Elles were suitable for the starch industry.

Since 2005, extensive studies have been done on amount of acryl-amide reduction in the food
products of acryl-amide processing (Millard reaction), particularly potato chips. Effective
actions were reducing of acryl-amide potential in the chips, reducing the amount. of regenerative
sugars. El-Ziney et al. (2009) reported the results of the survey study on acryl-amide levels in
selected traditional foods and infant powder milk and cereal based foods obtained from the
Saudi market. Also, Tawfik and El-Ziney (2008) used acryl-amide levels in selected foods in
Saudi Arabia.
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Potato storage conditions of the most important factors in controlling the amount of reducer
sugar in potatoes. Acryl-amide reduction is factor determining in the amount of reducer sugars in
the potato chips (Ohara-Takada et al., 2005; Becalski et al., 2004; Williams, 2005; Amrein et al.,
2003).

As one of the important factors determining reducer sugars i1s cultivars (Hendrickx and
Vleeschouwer, 2005). Between the reducer sugars of potato different cultivars has been in a
number of cultivar, even under conditions of climate, agriculture and the storage (Amrein ef al.,
2003; Becalski et al., 2004), The results of this study's matched with Ohara-Takada ef al. (2005),
Amrein ef al. (2003) and Aliabadi et «l. (2008) findings. Aliabadi et al. (2008) showed that the
samples of reducer sugars of potate different cultivars chips were significant difference. Maximum
amount of reducer sugar were in the Sante cultivar (with 3513 mg kg™) and minimum amount of
reducer sugar in Agria cultivar {(with 2111 mg kg™!) and Savalan cultivar (with 1622 mg kg™).

CONCLUSION

The 397082-2, 396156-6, 397009-3 clones and Savalan cultivar had the highest yield. The
highest dry matter, starch and specific gravity belonged to 396156-6 and 397009-3 clones and
Savalan cultivar. These cultivars had "C" cooking type. Therefore, the 396156-6 clone and
Savalan cultivar are recommended for chips production, 397009-3 clone for french-fry, chips and
starch production. The Marfona cultivar had a lower dry matter and "B" cocking type. Potatoes of
this type are suitable for eating boiled, mashing, fresh and conserve potato consumption. The

reducing sugars of 397009-3 clene and Marfona cultivar were lower than Agria cultivar and
396156-6 clone.
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