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ABSTRACT 

VANIHEGDE 

EFFECT OF VARIOUS PROCESSING ON THE QUALITY AND STORAGE OF 
PAR-FRIED FRENCH FRIES IN TRANS-FREE COTTONSEED OIL 

DECEMBER 2010 

Making a good French Fries undergoes many processing, among which blanching 

and dehydration are the most important. This study was conducted to observe the effect 

of various processing on the quality of French Fries fried in cotton seed oil. Also a 

storage study was performed to observe the effect of storage on quality of par-fried 

French Fries. Russet Burbank potatoes were used for this study and they were tested for 

specific gravity, dry matter, total sugars, reducing sugars and starch. The potatoes strips 

were blanched at three different temperatures of 160°F, 170°F and 180°F and at three 

temperatures of 15, 30 and 45 minutes. They underwent two dehydration parameters of 

180°F for 10 minutes and 210°F for 5 minutes. The quality of French fries was 

determined by the fat content, color analysis and sensory evaluation. 

The specific gravity of the potatoes was 1.080 and the dry matter content was 

19.95 %. The reducing sugars were found to be 146.66mg/100 gms and starch was 

18.43gm/1 00gms. Blanching reduced the sugar content significantly and it was seen that 

as the blanching time and temperature increased the sugar loss also increased. There was 

more moisture loss in potato strips blanched at 180°F for 10 mins than at 21 0oF for 5 
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mins. The fat content was higher in potato strips blanched for longer time and higher 

temperature. The lowest fat content was in strips blanched at l 60°F for 45 mins and 

dehydrated at l 80°F for 10 mins. The color analysis showed that color was lighter for 

French fries that were blanched for longer time that is 45 mins compared to 15 mins due 

to excess leaching out of sugars during blanching. Sensory evaluation also observed the 

same pattern with better texture and color in French Fries blanched at lower temperature

longer time. 

Storages study of par fried French Fries for 15, 30 and 45 days indicated loss of 

moisture from par- fried French Fries during storage. Increase uptake of oil was observed 

as the storage time increased. There was no change in color during storage but there was 

deterioration in the texture, flavor and overall likeability 

Low temperature-longer time blanching process yields better quality French Fries 

with regard to texture, color and fat content. Moisture loss during dehydration helps in 

improving the texture of French fries and storage of French Fries for longer time saw 

lower scores in sensory evaluation. 
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CHAPTER I 

I TRODUCTION 

French Fries are an important potato product. They can be either par-fried or 

finish fried by the processor. In par-fried, they are later finish fried in deep fat whereas in 

the finish fri d, they are oven heated before consumption. French Fries are par-fried, 

packed for restaurants and other institutional trade and prepared for serving by finish 

frying in deep fat. Frozen French Fries packed for home consumer are finish fried by the 

processor and are oven heated in the home (Smith, 1977).The advantages of frozen par 

fri ed French fries are that it simplifies the stor4age and inventory control and assures a 

uniform quality from one season to another and reduces the labor and time preparation 

for serving. 

Frozen potato products claim a growing percentage of the world's potato 

production. According to USDA (2006), the world's largest producers of frozen potato 

products include the United States, Canada and the European Union. Demand has been 

steadily incr asing in all regions. In the 2004-2005 marketing year, United States was the 

largest producer, with 3.9 million tons followed by the Netherlands and Canada (Kosco 

& Dickson, 2005). Tracking data of the sales of frozen potato products to foodservice by 

the major U potato processors during recession indicates a low single digit drop in 

pounds sold in the last quarter of 2008 and a high single digit dollar value increase (Eijck, 

2009). 
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Factors Affecting the Quality of French Fries 

Quality of French Fries is determined by the texture, color and fat content in the 

final fat content of the product. Potatoes should possess certain qualities to produce good 

quality French Fries. Some of the qualities are reducing sugar, starch, specific gravity and 

dry matter. Large number of factors influences the quality of French Fries, such as tubers 

composition, blanching temperature and time, dehydration temperature and time, frying 

temp rature and time and storage. 

Tuber Compo ition 

Reducing sugar, specific gravity, dry matter, starch plays a very important role in 

the quality of French Fries. Texture of French Fries is associated with starch content. 

tarch is the major component of total solids and high dry matter is usually means hi gh 

specific gravity ( offin et al. , 1989). 

Potato tubers used for Fr nch Fries are typically stored at 45°-50°F. Temperatures 

warmer than 50°F encourage sprouting and shriveling, colder than 42°F encourage 

transformation of starch to sugar, which changes the taste and the cooking. 

Blanching 

Water blanching prior to frying, inactivates enzyme and also leaches out reducing 

sugars and other chemical constituents responsible for the production of off colors and 

flavors. The usual range of water temperature is from 140° F to 180° F (Talburt & Smith, 

1987).Aguilar, Morales, Talamas & Gastelum, (1997) reported that low temperature 

blanching improve the textural quality of French Fries. They suggested that improvement 
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of the texture in French Fries resulted after blanching for 30-45 min at 60-65° C. This also 

resulted in reduction of oil content. 

Dehydration 

Drying of potato strips helps to remove surface moisture in potato strips after 

blanching. Drying has a significant effect on oil uptake and moisture loss as well as 

structural properties and color parameters of French Fries. It also removes excess 

moisture cont nt in potato and thereby prevents high absorption of oil in the French Fries. 

The drying temperature and time significantly affects the quality of French Fries. Van 

Loon,(2006) indicated that pre-drying to 20% weight loss lead to blisters and reduced 

cri pn ss in comparison with pre-drying to 10 and 15% weight loss. 

Frying 

fter d hydration the potato strips undergo frying. They are eith r par-fried or 

finish fried. lose attention on the control of frying conditions is essential in order to 

obtain a product which has the desired surface color and the proper internal textual 

characteristic when removed from fryer. 

Kozempel, Tomasula, & Craig, (1991) reported a co-relation of moisture and oil 

concentration in French Fries. The potato strips loose appreciable amount of moisture and 

pick up oil from the frying media. 

O'Connor, Fisk, Smith and Melton, (2001) reported that fat uptake during deep fat 

frying of French Fries was affected by pre treatment and the frying time. The highest fat 

content was observed for blanched, non dried potato strips. Strips blanched and dried 
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with dry air showed the lowest fat intake. An increase in surface moisture content 

resulted in an increased fat uptake. Frying time also had an influence on fat uptake. 

Increasing frying time leads to increase in fat uptake. 

Cottonseed oil (CSO) is one of the leading edible oils in the world. CSO is known 

for its neutral, slightly nutty flavor and for this reason it is often used as the standard to 

compare aroma, flavor and performance. It does not produce objectionable flavors and 

odors like many other oils (O'Brien et al. , 2005). French Fries cooked in CSO have 

significantly low trans-fatty acid when compared to those fried in canola and soyb an oil 

(Daniel et al., 2005). 

Storage 

Par- fried French Fries can be held long-term in a frozen state. Enzymes are 

destroyed during par frying and the tissues therefore remain basically stable until thawed. 

Smaller cuts can be stored up to 12 months and larger cuts up to 18 or 24 months at about 

0°F (-18°C) without serious loss of quality due to dehydration. Par Fries should remain 

frozen, preferably at about 0°F (-18°C), until shortly before final cooking and 

consumption. Therefore, every attempt should be made to use reliable refrigeration 

facilities at all stages of storage and transport. Par- fried French Fries which have been 

thawed and refrozen develop musty, stale flavor and odors and show poor texture and 

darker color when fried (Mosley, 2006). 

Owing to the various factors discussed above, it is important to obtain an idea of 

various processing on the quality of French Fries and moreover, optimization of 
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processing conditions is essential to produce crisp and mealy French Fries with minimum 

oil uptake and overall acceptability. 

Hypothesis 

The Hypotheses of the study: 

The blanching time and blanching temperature can significantly affect the amount 

of oi l absorbed by the French Fries and also the sensory quality of par- fried 

French Fries. 

2 The dehydration time and temperature can significantly affect the amount of oil 

absorb d by the French Fries and also the sensory quality of par- fried French 

Fries 

3 The mo istur content during processing of potatoes significantly affects the oil 

absorption. 

4 The storag time of frozen par-fri ed French Fries significantly affects the quality 

of French Fries. 
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Figure 1. Flow chart of various processing on French Fries in this study 
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The high starch Russet Burbank variety was used for the study. Analysis of dry 

matter, reducing sugars, starch, and specific gravity content was performed on the potato 

tubers . The potato strips went through various processing technique as mentioned earlier 

Moisture content was evaluated after every stage of processing. The oil content was 

measured after par-frying and finish-frying. After blanching process both sugar and 

starch content were measured to detennine the amount of sugars and starch that was lost 

during leaching. Potato strips were fried in trans-free cotton seed oil and analyzed for fat 

content. To analyze the affect of storage on the quality of French Fries, one set of par-

6 



fried French Fries was stored for 15 , 30 and 45 days and then analyzed for changes in the 

oil absorption, moisture content and sensory quality. 

Sensory evaluation was done to observe the quality attributes of the French Fries. 

15 semi trained paneli st evaluated various attributes namely greasiness, flavor, color, 

texture, overall acceptance and overall flavor. Likeability was evaluated using a nine 

point hedonic scale. 
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CHAPTER II 

REVIEW OF LITERATURE 

Potato ( olanum tuberosum.L.) makes an important contribution to the diet of 

many p ople in various parts of the world. In addition to nourishment of a large segment 

of the world population, potatoes can be grown in abundance under a wide variety of soil 

and climati c conditions and can be stored with relative ease. It ranks 4th as a major food 

crop of the world aft r wh at, rice and maize (Salunkhe, Kadam and Jadhav , 1991 and 

13 th in area (20 million ha). Potato enjoys a unique distinction among many roots and 

tuber crops. It is considered as one of the major staple food crops others being cereals. 

Thus, potato is the only non-cereal food crop to command such a high position in the 

world ( hadha, 1990). 

Introduction to Potatoes 

Potato appears to have been first cultivated between 4,000 and 7,000 years ago in 

the And s Mountains of Bolivia and Peru of South America. Potato was a major food of 

the nati ves of Andes living at high altitudes because only a few other crops could be 

grown under such conditions. Sometime in the early 16th century, Spanish explorers 

observed the use of potatoes by Andean people and within a few years it was carried to 

Spain and used on panish ships because it was found that eating them helped prevent 

scurvy during long sea voyages. Hence, Spanish brought potatoes to Europe. But many 

Europeans viewed potato with suspicion for a long time after it was introduced because 
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(1) They recognized it as a member of the nightshade family, which was then known for 

its potent and poisonous drugs and (2) there was no mention of potatoes in the bible 

(En minger, Ensminger, Konlande, Robson, 1994). 

Therefore, it was not until late in the 18th century that potato was grown widely 

throughout th Europe. Potatoes in the last few decades has spread to many countries 

with warmer and drier climates such as South Africa, plains of India, Bangladesh, 

Pakistan, Central America, China, Argentina and Uruguay. 

On the world basis, consumption of fresh potatoes has declined steadily since 

World War II, while the use of various forms of processed potatoes has risen to the point 

where over half the crop is processed. Most of the potatoes are processed into potato 

chip , French Fries, potato flakes , potato flour, potato starch, potato granules, canned 

potatoes and many oth r products (Talburt and Smith, 1987). Potato processing for food 

is more extensiv in the USA than in any other country. Chips were the most common 

fonn of proc ssed potatoes followed by frozen French Fries in the 50s and 60s. But in 

recent years, frozen Fr nch Fries are the most important form of processed potatoes 

(Ensmianger, 1994 ). 

Introduction of French Fries 

French Fries are an appetizing potato product. French Fries are potato strips of 

1 x 1 cm2 in cross section and 6-7 cm in length, which are either par-fried or finish fried . In 

the fonner case, they are finish fried in deep fat just before serving and in the later, oven 

heated before consumption. A large percentage of the frozen French Fries are par-fried, 
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packed for restaurants and other institutional trade and prepared for serving by finish 

frying in deep fat. Frozen French Fries packed for home consumers are finish fried by the 

processor and are oven heated at home (Smith, 1977). 

Today frozen potato products claim a growing percentage of the world's total 

potato production and the demand has been steadily increasing. The development of new 

freezing techniques has faci litated storage and distribution of frozen products. With the 

growing popularity of western style cuisine particularly the fast food industry via quick 

service restaurants (QSRs) , frozen potato products are generating billions of dollars in 

sal s around the world. The global production capacity of frozen potato products is 

estimated to be near 9.6 mi llion metric tons a year and their worldwide exports in 2000 

were valu d at $ 1.9 billion. By 2001 , MacDonald ' s had over 29,000 outlets in 121 

countries; Burg r King had over 11 ,000 outlets in 57 countries and Wendy' s over 5,000 

outlets in 34 countries. Despite the global financial turmoil, the US fast food industry 

grew at a rate of around 4% year-on-year in 2009. 

In the 21st century, usage of fresh potatoes accounts for less than a third of the 

total potato production (Plummer and Makki, 2002). The world production of fried, 

frozen potato products is more than 4500 million kg, of which French Fries represents 

about 86% (Stier, 2004). The first commercial production of frozen potato products was 

started in Maine in 1947 by Baxter and Brothers (Gould, 1999). They were blanched, 

fried twice and then frozen. This frozen par-fried potato was fried again just before 

serving. A major technological breakthrough for their widespread consumption as fast 
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food occurred when McDonald's began switching to frozen French Fries in 1966. Some 

of the various processing stages of making par-fried French Fries is given below. 

Raw potatoes 
J, 

Washing 
J, 

Peeling 
J, 

Washing 
J, 

Trimming 
J, 

Sorting 
J, 

Strip cutting 
J, 

Sliv rs and nubbin separation 
J, 

Blanching 
J, 

Drying (Dehydration) 
J, 

Par Frying 
J, 

Cooling 
J, 

Packaging 
J, 

Freezing 
J, 

Final frying 
J, 

French Fries 

Figure 2. Flow chart for processing of frozen French Fries 

Source: Talburt and Smith (1987). 
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Th yi ld and quality of French Fries is mainly determined the physical and 

ch mical prop rti s of pot to and the cultivars. The potato varieties ar group d into 

thr g n ral c t gori s nam ly ru s t, white and red .The Russet vari ty that compris s 

about 70 p re nt of th U. crop is b st suited for French F1i s production. In the Pacific 

orthwe t wher n tional production of froz n potato products is highly concentrated , 

th Rus t Burb nk ha r main d by far the widely accepted variety (Talburt & Smith 

19 7). Fr nch ry pr c or prefi r long smooth potatoes to produce th long strips 

preferr d by con um r . Dry matt r content, starch, reducing sugars and specific gravity 

influ n e th quality of Fr nch ri s. ( anterre, Ca h and Chase, 1986). 

Factor of Potatoe Affectin g the Quali ty of French Fries 

Ph al Prop rties of Potatoe 

Potatoe u d for making Fr nch Fri s should have certain quality which 

determines that quality f rench ries. Major attributes important for French Fry 

proce sing includ size, shape, e ternal and internal defects, dry matter and sugar content 

(Pavlista and Ojala, 1997). 

ize and hape. iz and shap of potato tuber is very important determinant for 

the quality of French Fries. The potato tuber should be larg , long oval and uniform. 

They shou ld be firm with shallow eyes and free from any external and internal defects . 

Peeling loss s are greater for small size tubers than for large ones. Tubers with 4 - 7.5cm 

size are pr ferred for French Fry. The variety of the potato also determines the tuber size 

( alunkheetal. , 1991). 
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There are various types of potatoes available in the market and they are grouped 

by variety, skin color, shape and use. Potatoes used for processing into French Fries are 

generally russet skinned with a long, cylindrical tuber shape (Pavlista & Ojala 1997). 

Table l . Quality R equirements for Different Forms of Potato Processing 

C haracteri st ic Fr nch Fries Potato chips Canned potatoes 

Tubes shap e Lon g oval Round to oval -

Tuber ize (mm) 50 40-60 35 

Ey s hallow Shallow Shallow 

pec ific gravi ty > 1.080 1.085 1.075 

T exture Fairly firm Fairly firm to mealy Waxy 

fte r cooki ng li ght - Nil 

d i co lorat ion 

ource. uku maran and Verma (1993) 

Misra and Premchand (1990) observed that tuber size influences the chemical 

compos ition of the tubers . Reducing sugar and total phenolic contents were significantly 

less in large tubers than in the small sized potatoes, whereas there was no significant 

change in the dry matter, ascorbic acid and sucrose. Thus the size of potatoes can affect 

the quality of French Fries. 
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Some of the varieties grown in United States which are also used for making 

French fries are Ranger Russet, Russet Burbank, Russet Norkotah, Spepody and Norking 

Russet as the tubers are large and they are mostly of medium to high specific gravity and 

also they have low or medium sugar content after storage. Potato variety of Atlantic, 

frontier Russet, Gemchip and Norchip are mostly used for making chips due to their oval 

and round tuber (Love, Baker, Ojala, Pavek and Corsini, 1993). 

Specific gravity. Besides the shapes and size, the specific gravity of potatoes is 

the most important factor is determining their suitability for processing into French Fries. 

Some common varieties with ow specific gravity are Delaware, Katahdin, Spunta, 

Geographe, Pontiac, Norland. Whitu, Kennebec, Desiree, Bremer, Sebago are considered 

to be Medium specific gravity and some high specific gravity varieties are Russet 

Burbank, Atlantic, Nooksack, Cadima, Tarago. Specific gravity influences the uptake of 

oil during frying. In selecting potatoes for processing into French Fries, it is important 

that tubers of high specific gravity be chosen so as to obtain high yield of the products. 

High specific gravity is an indicator of high total solids or dry matter. It means specific 

gravity is positively co-related with dry matter. Therefore, it contributes to the mealin ss 

of French Fries (Johnson et al., 1970). 

Mealiness is a term associated with cooked potato which is a granular texture. 

French fries texture should be crispy from the outside but mealy and granular from the 

inside. It is very important to have French fries with higher degree of mealiness as it 

determines the textural quality. High specific gravity potatoes produce French Fries of 

14 



desirable textural qualities, which are crisp, mealy, firm, good flavor and less oily. 

(Kirkpatrick, Heinze,Craft, Mountjoy and Flalko, 1956). Higher specific gravity 

indicates higher starch content which gives crispy texture to the French Fries. Higher 

specific gravity in potatoes is influenced by the variety of the potato, the growing 

conditions such as soil temperature, soil moisture and fertilizers used. Usage of more 

nitrogen during growing leads to lower specific gravity. Low specific gravity potatoes 

yield French Fries that are soggy and have undesired droopy and shriveled appearance 

(Jaswal, 1991). Potatoes having less than 1.070 specific gravity are considered low, 

1.070-1.090 as medium and above 1.090 as high specific gravity. The potatoes must have 

a specific gravity in the range of 1.080-1.090 and above to produce French fries which 

are crispy, mealy and less fat content. (Lisinska and Leszczynski, 1989). 

Table 2. Effect of Specific Gravity on Oil Absorption of French Fries 

Specific Gravity Oi 1 absorption (%) 
1.070 8.53 
1.080 8.48 
1.085 7.94 
1.090 5.03 
1.100 4.84 

Source: Toma, Augustin, Shaw, and Hugan, (1978) 

Specific gravity of potatoes has also been shown to influence the frying time. 

Low specific gravity tubers require longer frying time than the high specific gravity 

tubers. Higher specific gravity indicates the higher solids and lower moisture content and 
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therefore it takes less frying time to get crispy French Fries, thereby frying time is 

inversely related to the specific gravity of potatoes. Frying is a method of dehydration, 

where due to high temperature of the oil the moisture evaporates from the potatoes and 

oil is absorbed. If there is less water then there is less frying time as heat transfers faster 

into the potato cooks the potato faster and gives a crispy texture due to higher starch 

content. 

Chemical Properties of Potatoes 

In general, there exists a relationship between chemical composition of potatoes 

and quality of French Fries. The nutritional composition of potato tubers vary with 

variety, storage, growing seasons and soil types and pre harvest nutrition (Mondy, 1983). 

The chemical composition of potatoes varies with location of growth, cultivar, maturity at 

harvest and the fo llowing storage history (Miranda & Aguilera, 2006). 

Carbohydrat s consist of about 80% (range 63-86%) of total solids. They are the 

constituent of high st concentration other than water and are comprised largely of starch. 

The other major carbohydrates are sugars and non-starch polysaccharides such as 

cellulose, pectin substances and hemicellulose. The skin contains about ten times more 

pectin than does the flesh (Salunkhe et al., 1991 ). 
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Figure 3. Cross-s ction of a potato tuber with a thin layer of skin and a group of flesh 

cells with starch granules in scanning electron microscope (SEM) 

( ource: Lini ka and Golubowska, 2005) 

Starch. Potato starch mostly contains amylase and amylopectin with 0.093% 

phosphorous (Banks et al. , 1959). Starch is unevenly distributed over the layers of the 

tuber, most occurring in the region of the vascular bundle and minimum in the inner pith 

of the potato (Zogorska, 1982). The texture of crisps depends on the content of starch in 

potato tubers and nitrogen substances and non-starch polysaccharides. From all the non

starch polysaccharides, protopectins had the most important influence on crispy texture of 

French Fries (Kita, 2002). 
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There is a close co-relation among specific gravity, total solids and starch content. 

Most of the factors, which tend to increase the specific gravity and total solids content of 

tubers, also increase starch content such as the variety of the potato, water and nutrition 

of the soil. Higher moisture content during growing can lead to lower starch content and 

lower moisture can lead to lower yield. High starch content gives good texture 

(mealiness) and crispness to French Fries. 

Sugars. Sugar content of potatoes plays a very important role in determining the 

color of French Fries . Sugar content ranges from trace to as high as 10% of dry weight of 

the tuber. Sucrose, glucose and fructose comprise the major sugars present in potatoes. 

Among all the sugars of potato, glucose and fructose (reducing sugars) are the most 

important ones as they react with amino acids to produce non-enzymatic discoloration of 

French Fries. Potatoes containing low amount of reducing sugars produce light colored 

French Fries. 

Wright and Whiteman, (1951) reported that French Fries of most suitable color 

were produced from potatoes with an average reducing sugar contest of 0.18%. The 

acceptability of potatoes for processing into French Fries or chips is largely dependent on 

the color of the end product and color is directly related to the quantity of reducing sugars 

in the tuber (Pritchard, 1993). Hence regulation of sugar levels by proper storage is very 

important. The sugar concentration is high in the center of the tuber than in the outer 

region. Potatoes freshly harvested generally contain acceptable levels of reducing sugars 

and are most suitable for manufacture of French Fries. The moisture and starch content 
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remains at acceptable levels for up to six weeks after harvest after which there is a 

progressive decrease in starch, with a significant increase ofreducing sugars (Rivero, 

Hernandez, Rodriguez, Martin and Romero, 2003) 

Potatoes are usually stored at temperatures around 45 - 50°F. However, large 

amounts of sugar accumulate during low temperature storage. Storage below 45° F 

results in rapid conversion of starch to glucose in potatoes. (Smith 1977).At temperatures 

above 50° F, glucose and sucrose levels do not increase however degradation of potatoes 

occurs due to sprouting. Potatoes stored under a nitrogen atmosphere do not accumulate 

sugar, but lose starch instead (Salunkhe et al., 1991). In 2006, Thybo et al., studied the 

quality of potatoes after long term storage and concluded that during storage the intensity 

in surface hardening decreased accompanied by significant differences in chemical 

composition, sensory quality and aroma composition. 

Some of the major pre-harvest factors that affect sugar content are crop maturity, 

temperature during growth, mineral nutrition and irrigation, while some important 

postharvest factors are mechanical stresses and storage conditions. Stresses such as low 

temperature, low oxygen, or physical damage will usually increase sugars (Kumar, Singh 

and Kumar, 2004). Tubers used for French Fry processing are generally held between 45-

480 F (Pavlista and Ojala, 1987). High levels of sugars in the tubers will lead to non

enzymatic browning reaction known as the Millard's browning reaction which is a 

reaction between reducing sugars and free amino acids. This reaction occurs at high 

temperatures and low moisture (Smith, 1977). Non-enzymatic browning happens during 
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frying and it influences the color of French Fries. Golden yellow color is known to be a 

good color quality. Higher Sugar content leading to higher browning of French Fries and 

thereby giving a off flavor and color. Lower Sugar content prevent browning reaction 

thereby giving a very colorless or pale yellow French Fries which is also not preferred 

and considered to be a bad color quality. Therefore a medium amount of sugar in 

Potatoes is preferred in making French fries. Reducing Sugars in the range of 150 mg-

200mg is considered to be good sugar content to get a golden yellow French Fries. 

(Wright and Whiteman,1951) 

Dry matter (Moisture content). Dry matter contributes to the mealiness of the 

French Fries and is co-related with the specific gravity. When the specific gravity of 

potatoes is higher, the dry matter content is also higher. Augustin et al. (1978) rep01ied 

that fres h raw potato has 21.6% and peel has 17.0% total dry matter on a wet weight 

basis. Finglas and Faulks (1984) stated that raw old potatoes have 22.2gm and raw new 

potatoes have 17.4 gm dry matter per 1 00gm as consumed. Dry matter content of 21.2-

22.9% is conducive to producing Fries with good texture and appearance (Lisinska and 

Leszczynski 1989). The processing characteristics of individual potato strips are 

extremely dependent on the solid content of that strip (Sayre et al., 1975). Dry matter of 

18 % and above is considered to be good for making French Fries. 
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Processing Factors Affecting Quality of French Fries 

Large number of factors influences the quality of French Fries, such as trimming, 

sorting, cutting, blanching time and temperature, dehydration time and temperature, 

frying temperature. 

Trimming, Sorting and Cutting 

Peeled potatoes are conveyed over trimming and inspection belts in preparation 

for processing. Unpeeled portions, black spots, rotten parts, etc, are removed by 

trimming to prevent unacceptable color and texture of French Fries (Talburt and Smith, 

1987). 

ize of French fry cut can be varied but strip of 1/4 or 3/8 in. square in cross 

ection is most popular. Sliver (thin slice) and nubbins (short or broken pieces) must be 

separat d from the product after cutting into French Fries strips. 

The yield of French fry cuts is governed by peeling, trimming and cutting losses. 

These losses will vary with the size and shape of potatoes used, peeling method and other 

factors. Peeling and trimming losses usually fall within the range of 15-40%. 

Blanching 

Water blanching is a very important processing parameter in the production of 

French Fries. It destroys the enzyme action and also leaches out reducing sugar and other 

chemical constituents responsible for the production of off color and flavor. The usual 

range of water temperature is from 140° F to 180°F (Talburt and Smith, 1987). 
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(Brown and Morales, 1970) noted a few advantages of blanching in French Fries which 

were 

a) Uniform color of French Fries due to leaching out of sugars 

b) Reduction of fat absorption though gelatinization of the surface layer of starch and 

c) Inactivation of enzyme in order to prevent undesirable flavor and color 

Davis & Smith, 1964 also included some other advantages of blanching 

1. Reduced frying time since the potato is partially cooked by blanching and 

2. Improved texture of French Fries. 

Inactivation of some enzymes require very high processing temperatures for very 

short time but leaching sugars is a very slow process and takes place over a wide range of 

temperatures (Brown & Morales, 1970). Hence selection of suitable blanching 

temperature is a very important criterion. The usual range of hot water blanching is from 

140° F - 180° F (Talbu1i, Smith 1975). Milford and Morales (1970) reported that during 

blanching loss of sugar from the strips was independent of the temperature, with an 

appreciable decrease occmTing between 10 and 20 mins. However the color developed 

during frying indicated an ear ier loss of surface sugar at a rate that was temperature 

dependent. 

Blanching is responsible for the inactivation of enzymes polyphenoloxidase 

(PPO) and peroxidase (Andersson, Gekas, Lind, Oliveira and Oste, 1994). 

Polyphenoloxidase is a generic term for the group of enzymes catalyzing the oxidation of 

phenolic compounds to produce brown pigment on cut surface of fruits and vegetables 

22 



(Severini, Baiano, De Pilli, Romaniello and Derossi, 2003). In potatoes, enzyme 

peroxidase is most resistant to heat followed by pectinmethylesterase, polyphenol 

oxidase and lypoxygenase to heat (Anton and Barrett, 2002) . 

The texture of many vegetables and fruits depend on the presence of pectin 

substances which are part of inter-cellular material. Blanching activates an enzyme called 

Pectin Methyl esterase (PME). Pectin methylesterase (PME) of the potato tissue is 

inactive at temperatures below 50°C (122°F) It is activated above this temperature and 

reacts with the pectin of the cell wall, which is evident by the production of free methanol 

and a decrease in the methoxy content of the cell wall pectin. Above 70°C (l 58°F) the 

enzyme is rapidly destroyed and exerts no effect on the cell wall material. Heating at 

temperatures above 50°C (122°F) leads to a loss of integrity of the cellular membrane 

(plasmalemma) allowing intracellular electrolytes (predominantly K) to contact the cell 

wall materials, thereby activating PME. The enzyme increasing the amount of free 

carboxyl groups of the cell wall pectin, and Ca and Mg from the cell interior increase the 

number of metal bridges. This leads to an increase in resistance of the tissue to further 

thermal degradatio (Bartolo ne and Hoff, 1972; Anderson et al, 1997). Softening of 

vegetables while blanching results from the partial destruction of the pectic gel that fonns 

much of the matrix of the cell wall and the intercellular adhesive of the middle lamella. 

Cell wall breakdown allows cell rupture, whereas breakdown of the middle lamella 

allows cell separation. Cell separation is the primary mode of fracture in vegetables 

containing starch, which swells within the cooked cells to create an internal pressure that 
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drives each cell towards a spherical shape and separates it from other cells Predominance 

of cell separation results in a texture described as 'mealy'. Blanching between 60 (140°F) 

and 70°C (158°F) induces thermal activation of PME in blanched potatoes. The 

temperature distribution in the tissue during blanching showed that activation takes place 

as soon as the tissue reaches an average temperature above 50°C (122°F). The degree of 

PME activity in the blanched tissue was found to depend on the effective exposure time 

to the temperature at which the activation/deactivation of the enzyme takes places. 

Thermal activation of PME in potato tissue occurred during the first two minutes of 

blanching. Longer heating times induced rapid deactivation of the enzyme in the tissue 

(Gonzalez-Martinez, Ahme, Gekas and Sjoholm, 2004). Ah.met Yemenicioghu, 2002 also 

found similar results where blanching for 60 min at 50°C (122°F) with no loss of finning 

and appearance of browning. Low temperature blanching (LTB) for 45 min did not cause 

a significant reduction in crude polyphenol oxidase (PPO) activity but as heating time 

increased to 60 min, the enzyme activity was reduced considerably. Thermal activation of 

pectin esterase was capable of modifying the cell wall during cooking at 100°(2 l 2°F), not 

only at 70° ( 15 8°F) (Binner, Jardine, Renard and Jarvis, 2002). Blanching temperatures 

of 60°C - 85°C ( l 40°F- l 85°F) produced minimal texture degradation of potatoes with 

optimum activity of PME being observed at 65° C (149°F) for 15 mins (Abu-Ghannam 

and Crowley, 2006). 

Low temperature blanching (60°C - 75°C) ( 140°F- 167°F) for long time (15-60 

min) prior to frying showed significant improvement in the quality of French Fries 
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(Aguilar et al., 1997) and has a firming effect that reduces physical breakdown and 

sloughing during further processing and hence affects the final texture of french Fries 

(Verlinden, Yukse, Baheri, Baerdemaeker and Dijk, 2000). Low-temperature, long-time 

blanching (LT- LT blanching) activated the pectinesterase enzyme which leads to 

decrease in the limpness of the fried potatoes and improvement in color was obtained as 

the result of a decrease in reducing sugar content. LT- LT blanching at 65°C (149°F) for 

45 min gives the greatest improvement in the color and limpness of French Fries 

(Aguilera et al., 1999). 

During blanching the reducing sugars, glucose and fructose diffuse from the outer 

layers into the surrounding blanching water. Color development of French Fries is mainly 

detennined by the extent of the Millard's browning reaction, which occurs at high 

processing temperatures between reducing sugars and free amino acids (Marquez & 

Anon, 2002).( Kozempel et al.,1982) showed that the concentration of glutamic acid and 

aspartic acid, the predominant amino acids in potato tissue decreased by 36% and 35% 

respectively after blanching at 170.6°F for 12 minutes. Hence the intensity of the 

Millard's reaction is decreased and the color of the finish fried French Fries remain 

within acceptable limits. Agblor and Scanlon (2000) found that longer blanching or 

higher temperature blanching increased the lightness of French Fries 

Other kinds of blanching have been studied and a new concept of blanching 

technique termed as whirling bed blanching was developed by Gibert et al. (1980) This is 

an improved version of fluidized bed blanching using a mixture of steam and hot air as 
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the medium. Whirling bed blanching (at 85°C) (185°F) required less time and resulted in 

higher retention of solids and nutrients as compared to hot water and steam blanching 

(Mukherj ee and Chattopadhyay, 2007). 

Two-step blanching (70°C (158°F) for 10 min followed by 97°C (206.6°F) for 2 

min) is effective in improving the texture of core potato tissue subjected to freeze- thaw 

stress. Addition of CaCh to the blanching solution improved the result slightly 

(Carbonell, Oliveira and Kelly, 2006). Blanching of potato chips in solutions containing 

0.2 or 0.4 g/100 g MgCh or CaCh showed improved color, flavor and consistency than 

just water blanching (Lisinska and Plizga, 1992). Blanching potatoes in 0.5 % of Cach 

for 15 mins at l 56°F improves the texture of French Fries made with low specific gravity 

potatoes where as no effect is seen on high specific gravity potatoes (J aswal, 1970) 

S nsory evaluation of potato strips soaked in NaCl solution indicated the best texture and 

lowest oil uptake at 3% Na 1 solution for 50 min. Soaking had no effect on color or 

moisture loss during deep fat frying at 180° C (356°F). Soaking potato strips in NaCl 

solution significantly reduced oil uptake from 0.13 to 0.10 g oil/g dry matter (Bunger, 

Moyano and Rioseco, 2003). 

Finning effect during blanching is also due to behavior of the starch. (Reeve, 

1967). He believed that the effect is due to starch retro gradation which results in 

decreased swelling power of the starch granules. Starch generally affects potato texture 

by causing a distension of the cell wall when the granules swell during gelatinization 

(Verlinden et al., 2000). During heating the starch granules within the cell absorb water 
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and swell to form a gel (Andersson et al., 1994). The gelled starch remains within the cell 

matrix although some of the amylose diffuses through the cell wall. The cell membranes 

lose their integrity resulting in a loss of turgor and there is diffusion of cellular contents 

throughout the tissue. The net result is the formation of gelled starch and a softer tissue in 

which the cells are easily separated. 

Figure 4. The Potato strip after blanching (SEM) 

( ource: Liniska and Golubowska, 2005) 

Authors found that the optimum temperature range for all mechanical properties 

was 60- 65°C (140-149°F)and the optimum time range 25-35 min. This firming effect is 

due to retro gradation of starch, leaching of amylose, stabilization of the middle lamella 

and cell walls and by the activation of the pectin methylesterase (PME) enzyme. As 
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indicated in 1994 by Andersson et al., most probably no one theory alone can explain the 

firming effect. 

Dehydration 

More surface moisture leads to more oil absorption (Lamberg, Hallstrom and 

Olsson, 1990). Dehydration with hot air prior to par frying keeps away the surface 

moisture from the potato strips. It is very important to remove the surface moisture since 

it could have a destructive effect during frying on the texture of the French Fries. Lower 

the moisture content, lesser will be the time required for frying. The surface moisture is 

removed partly by the use of dewatering screens and further air-dried by blowing wam1 

air. In the processing plants, the potato strips are fed into the continuous conveyer dryers. 

Dehydrating the potato strips after blanching has several advantages such as it 

maintains the unifom1 color of the product during and after frying, weak and soggy 

product is not obtained after the frying process, oven-ready product stays crispy and 

oven-dried potato strips absorb less fat during frying. The recent development in French 

fry processing is the manufacturer use of high-speed air suction dryer where air is sucked 

at higher speeds resulting in a more uniform and shorter drying time. Drying before 

frying using hot air drying can be done to reduce the final oil content in potato chips and 

also in producing a lighter colored final product as a result of reduced frying time during 

finish frying (Gamble and Rice, 1987). Drying leads to a thicker and firmer crust. 
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Figure 5. The potato strip after pre-drying (SEM) 

( ource: Liniska and Golubowska, 2005) 

Dehydration leads to lower moisture content in potato strips thereby less oil 

absorption during frying (Talburt, Weaver, Reeve and Kueneman, 1987). Crust formation 

through drying helps in increasing the holding time requirements for French Fries 

(Rossell 2001 ). The holding time is very important in French Fries and is the amount of 

time the French Fries remain crispy after frying. The French Fries should be crispy for at 

least 5-10 mins after frying. Fast food chain thereby holds the French Fries under a heat 

lamp to increase the holding time of French Fries. 

Drying helps to improve texture during frying and also reduces the oil absorption. 

The open pores is decreased during drying due to shrinkage of potato tissues which 
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reduces the uptake of oil during frying because after frying oil is usually absorbed though 

the opens pores from which water is evaporated. Also drying is responsible for partial 

moisture loss which reduces the frying time (Krokida, Oreopoulou, Maroulis and 

Marinos-Kouris, 2001 a). Wang and Brennan (1995) observed that the degree of 

shrinkage of potato during low temperature drying ( 40°C) (104 °F) is greater than at high 

temperature (70°C) (1 5 8°F) drying. 

Krokida, Oreopoulou,Maroulis and Marinos-Kouris,(2001b) showed that pre 

drying has a significant effect on oil uptake and moisture loss as well as on the structural 

properties and color of the finish fried French Fries. Air-drying increases porosity of the 

fried potatoes but decreases their oil and moisture content. The Hunter color parameters 

lightness (L ), redness ( a) and yellowness (b) were measured. The lightness 'L' values 

decreased significantly due to the pre-drying process. The 'a' parameter increases and the 

'b' parameter decreases significantly due to the browning reactions taking place during 

the drying process. Hence, it was concluded that the drying pre-treatment decreases the 

oil content, while the color quality of French Fries can be controlled by choosing the 

appropriate drying time. 

Frying 

After blanching, the potato strips undergo frying. They are either par-fried or 

finished fried. Close attention and control of frying conditions are essential in order to 

obtain a product, which has the desired surface color and the proper internal textural 

characteristic when removed from fryer. Frying is a very important factor for the quality 
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of French Fries. The temperatures that French Fries are usually fried are 320°F -356°F 

(Lisinska and Leszczynski, 1989). Raw flavor and texture will be noted for undercooked 

potatoes, while overcooked potatoes will tend to have concave surface and collapsed 

centers. The center of the strip may separate from the outer portion in the form of a core 

before the surface attains the desired color, if frying is too slow. On the other hand, the 

center may be particularly raw and the surface color excessively dark if frying is too fast 

and at too high a temperature (Talburt and Smith, 1977). (Keller, Escher and Solms, 

1986) observed by microscopy that oil deposition is strictly limited to the surface and the 

outermost layer of the cell of French Fries. No diffusion towards the center occurred even 

after prolonged frying. There is abundant proof that oil hardly penetrates into the cooked 

core and that the micro structure of the crust is the main determining factor in oil uptake 

(Pinthus, Weinberg, and Saguy, 1995). 

Figure 6. Cross-section of a fried potato strip under a SEM 

(Source: Liniska and Golubowska, 2005) 
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Par frying is a very important step in the manufacture of French Fries because this 

step inactivates the enzymes that could be still present even after the blanching. Par

frying French Fries improves the texture and gives crispier French Fries (Sanz et al 

2007). Par-frying in oil also significantly improves the rigidity of potato and crust 

formation (Van loon et al, 2006). 

The end result of frying is a function of heat, moisture and the color producing 

reaction of reducing sugar. Fat absorption various with specific gravity of the raw 

potatoes, size of the strips, blanching temperature, and temperature of fat during frying 

and length of frying time. During frying heat and mass heat transfer takes place 

simultaneously and results in texture change. Heat transfers oil to French Fries and water 

evaporates from the surface of the potatoes in the form of steam bubbles (Pravisani and 

Calvelo, 1986). Most of the oil uptake in the product takes place after frying and most of 

it remains in the surface and enters during cooling (Aguilera and Gloria, 2000). When the 

French fry is removed from the fryer, the steam condenses inside the product and hence, 

creates a suction pressure drawing the oil into the intercellular spaces. Therefore major 

reductions in fat uptake are achieved by immediate drainage of the fried food after 

removal from the frying medium, i.e. by shaking. The oil absorption is mostly absorbed 

by both condensation and capillary mechanism (Mellema, 2003). It has been shown by 

(Aguilera & Gloria, 1997), using a calorimetry that in fried potatoes, the crust contains 

almost six times more oil as the inner part. 
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Lamberg, Hallstrom and Olsson (1990) reported that fat uptake during deep fat 

frying of French Fries was affected by pre treatment and the frying time. The highest fat 

content was absorbed in blanched, undried potato strips. Strips blanched and dried with 

dry air showed the lowest fat intake. Increase in surface moisture content resulted in an 

increased fat uptake. Frying time also had an influence on fat uptake. Increasing frying 

time gave an increasing fat uptake. The formation of crust in French Fries starts after the 

potato surface reaches approximately 103°C (217.4°F) and then the crust thickness 

increases linearly with the frying time and the increase being faster at l 80°C (356°F) 

(Costa et al, 2001). Higher frying temperature accelerates cooking of the core and 

hardening of the crust, resulting in French Fries with harder crusts (Pedreschi, Aguilera 

and Pyle 2001).(Nonaka et al., 1977) studied the oil content of French Fries as affected 

by blanching temperature, frying temperature and melting point of frying oils. They 

reported that blanching time did not affect the oil content of French Fries but the melting 

point of the frying oil did affect the oil content of French Fries. Also the oil content 

increased significantly as the temperature increased with greatest increase occurring 

between 171 °C (339.8°F) and 185°C (365°F) 

Weaver et al, (1983) reported that infrared irradiation reduced oil absorption of 

French fried potatoes. They concluded that there was significantly lower rate of crude 

fats to solid in potato strips exposed to infrared for 1.5 mins than the ones, which were 

not exposed to infrared. They also reported that reduction of oil absorption in potato 

strips is due to reduction of water in strips by infrared and thus requiring shorter fry time. 
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Kita and Liniska (2005) observed that the type of oil used during frying significantly 

affected the texture of French Fries. The ultimate texture of French Fries is developed 

during frying, by penetration of fat primarily into the external layer of strips (Liniska and 

Golubowska, 2005) . Frying temperature affects both the fat and texture and as the 

temperature increases there is a decrease uptake of fat and hardnening of French Fries. 

Freezing/ Storage 

French Fries can be frozen as loose pieces before packaging or they can be frozen 

in carton boxes. The loose pieces are frozen on a continuous belt freezer in a freezing

fluidized tunnel. Fluidized freezing guarantees minimum breakage of the French Fries 

and they do not stick to each other. The carton filled with unfrozen French Fries is placed 

in a multiple-plate contact freezer. The freezing time ranges from 3-7 hours. Packaging is 

a very important factor in order to maintain a very high-quality frozen product. Also, it 

should be safely transported to the destination. The most popular packaging for frozen 

French Fries is the polyethylene bags which are water-proof and lack off-flavors and off

odors. 

Par-fried French Fries can be held for long-term in a frozen state. Enzymes are 

destroyed during par frying and the tissues therefore remain basically stable until thawed. 

Smaller cuts can be stored up to 12 months and larger cuts up to 18 or 24 months at about 

0° F (-18° C) without serious loss of quality due to dehydration. Par-fried French Fries 

should remain frozen, preferably at about 0°F (-18°C), until shortly before final cooking 

and consumption. Therefore, every attempt should be made to use reliable refrigeration 
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facilities at all stages of storage and transport. Par-fried French Fries which have been 

thawed and refrozen develop musty, stale flavor and odors and show poor texture and 

darker color when fried (Mosley, 2006). 

Freezing inhibits enzyme action but does not destroy the enzymes If some 

enzymes are not inactivated by blanching then it can lead to changes in color, flavor and 

texture during freezing, storage and thawing. Also if packaging is not done properly then 

the French Fries tend to lose moisture through sublimation and water vapor can form 

frost inside the package. Also Freezer bum can occur leading to discoloration, change in 

texture & off-flavors Its important to do rapid freezing as more and smaller crystals are 

formed causing less damage whereas slow freezing leads to large and few crystals which 

can affect the texture while finish frying. Also during store non-enzymatic oxidation due 

to residual oxygen can affect fats Smaller cuts can be stored up to 12 months and larger 

cuts up to 18 or 24 months at about 0°F (-18°C) without serious loss of quality due to 

dehydration. 

Cotton Seed Oil 

High trans fatty acid diet has unfavorable effect on blood cholesterol level. It has 

been found to increase low density lipoprotein and decrease high density lipoprotein 

(Juttelslad, 2004; Mensink, Zack, Kester and Katan, 2003). Though FDA, has enforced 

labeling by listing the trans fatty acids in the nutritional labeling in 2006, there has been 

one area that has been overlooked regarding the consumption of trans fatty acid 

products that are pre-processed and used in fast food restaurants. Most fried products are 
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pre-processed and par-fried and supplied to restaurants or fast food chains. The oil used 

in the processing industry is usually hydrogenated oil. Most of the restaurants and food 

service industries finish fry them in trans-free oils without being aware that they have 

been par-fried in oils containing trans-fatty acids. Studies have shown that sensory panel 

like the French Fries fried in trans-free oils, than in regular oils (Stokols and Bordi, 

2004). 

Food industry is always trying to find different kinds of frying oils. Cottonseed 

oil is very good oil for frying (Daniel, et al, 2005). It is the leading edible oil in the world 

(O'Brien, Jones, King, Wakelyn and Wan, 2005). Cottonseed oil is neutral, slightly nutty 

flavor and mostly used as a standard to compare aroma and flavor. Fatty acid profile of 

cottonseed oil is given below. 

Table 3. Fatty Acid Composition of Cottonseed Oil 

Saturated 
Carbon Chain Fatty Acid Percentage 
14:0 M yristic acid 1% 
16:0 Palmitic acid 22% 
18:0 Stearic acid 3% 
Unsaturated 

18: 1 Oleic 22% 
18:2 Linoleic 52% 
18:3 Linolenic <1% 
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Cottonseed oil has a varying degree of vitamin E which contributes to the 

stability of cottonseed oil and products fried in cottonseed oil have longer shelf life. (0 

Brien et al, 2005). Trans fatty acids are produced as a by-product of hydrogenation. As 

saturated fat is very good for frying, but bad for health, saturated fats are replaced by 

hydrogenated vegetable oil. It has been found that partially hydrogenated vegetable oil 

contains 30% of trans-fatty acids where as animal fat has 3 % trans fatty acids (Hunter 

and Applewhite, 1991). 

A study was conducted to determine the amount of industrially produced trans

fatty acids in chicken nuggets and French Fries purchased from McDonalds and KFC 

outlets from 20 different countries between Nov 2004 and Sep 2005 (Stender, Dyerberg 

and Astrup, 2006). It has been found that the cooking oil used for French Fries 

and McDonald's outlet in US contained about 23% of trans-fatty acids. Hence, in order 

to avoid a large proportion of trans fatty acids in fried food, its recommended that the 

content of trans fatty acids in frying oils be reduced and to achieve this Cottonseed oil 

seems to be a very good alternative. 
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CHAPTER III 

MATERIALS AND METHODS 

Russet Burbank potatoes were used for the study. The freshly harvested potatoes 

were provided by Hardie's Fruit & Vegetable Co. located in Dallas. The potatoes were 

stored at around 50°F before processing. The potatoes were stored at optimum 

temperature to prevent conversion of starch to sugars and to prevent sprouting. The 

potatoes were used within a month of delivery to prevent factors affecting errors. Various 

steps involved in the preparation of potatoes for making French Fries were conducted at 

the Texas Woman's University Fry Lab and the Food Analysis Lab. The Plainsman Non 

hydrogenated, cottonseed oil was used for frying the French Fries. The oil was obtained 

from PYCO industries, Inc. located at Lubbock, TX. This oil is cholesterol free and has 

zero trans fat in comparison to other commonly used hydrogenated oils used for frying. 

Frying was done in the 15-pound Frymaster electric fryer. 

Potatoes were washed and hand peeled with a vegetable peeler. After the 

skin is removed, the potatoes were inspected in order to remove the ones that may be 

decayed or excessively bruised. The potatoes were then cut into strips with an average 

length about 9-10cm and cross-sectional dimension of 8mm x 8mm with vegetable slicer 

Robot Coupe CL_30 series A (Robot Coupe, France). After cutting into strips, undesired 

potato strips such as slivers and nubbins are removed. Black or discolored strips are also 

discarded. 
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Analyses of raw potatoes were done for specific gravity, moisture content, starch 

and sugars. The potatoes strips were blanched for 15, 30 and 45 minutes and at 

temperature 160±5°F, 170±5°F and 180±5°F. The potato strips are blanched by immersing 

them in a vegetable blancher. The Blanched potato strips were then dried at two setting of 

210±5°F for 5 mins and 180±5°F for 10 mins. They were dried in a commercial 

dehydrator (TSM Model D-12) from Pleasant Hill Grain. The potatoes strips were 

measured for starch, sugars and moisture content after blanching to determine the amount 

of sugars and starch that may have leached out. Moisture content was measured after 

dehydration. The dehydrated potato strips were par-fried at 350°F for 90 seconds in non 

hydrogenated cotton seed oil. They were fried in an electric fryer, 15 pound Fry master. 

Moisture and fat analysis was performed on the par-fried French Fries The par-fried 

French Fries were then frozen in a blast freezer (Beverage air, blast freezer/chiller, model 

BAC5) to -10°C( 14°F) and packed in easily reseal able (Ziploc) bags and stored in a 

freezer at -25°C (-13°F). The par-fried French Fries were finish fried after five days and 

moisture, fat and color analysis was performed. The frozen par-fried French Fries were 

deep-fried 350°F for 90 seconds. 200 gms of potato strips were fried in five gallons of oil. 

The holding time was measured for the French Fries. Sensory evaluation was conducted 

on the French Fries. The finish fried French Fries underwent color analysis on hunter 

color lab. The analysis was performed on four batches of potatoes in triplicates. 
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To analyze the affect of storage on the quality of French Fries, one set of par-fried French 

Fries was stored for 15, 30 and 45 days and then analyzed for changes in the moisture 

content, oil absorption, color and sensory quality 

Specific Gravity 

Three potato tubers were chosen at random from each batch The specific gravity 

was calculated by water displacement method and was worked out using the formula:-

W eight of the tuber (g) in the air 

Specific gravity = ----------------------------------- --------

(gm/ml) Volume of water displacement by tuber (ml) 

Moisture Content 

Moisture content is determined in raw potatoes and after blanching, dehydration, par

frying and finish frying. Moisture content was determined by gravimetric method 

(AOAC). A known weight of food sample is dried to constant weight in an oven and the 

loss of weight is equated as the moisture content of the food. The difference reflects the 

dry weight of the food sample. 10 gm of potato sample was weighed accurately in a 

previously dried moisture dish and was placed is an oven maintained at 60°C (140°F) for 

4 hours. The sample was removed from the oven and cooled in the desiccators and 

weighed. The process of drying, cooling and weighing was repeated at 30 minutes until 

the difference between the two consecutive weighing was less than 1 mg and the lowest 

weight was recorded. 
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The moisture content was calculated as follows: 

Moisture content (%) = 

Where, 

W, = weight (gm) of the dish with the sample before drying. 

W 2 = weight (gm) of the dish with the sample after drying to a constant weight 

W = weight (gm) of the empty dish 

The percentage of dry matter was measured by weight of the sample that remained after 

moisture loss. 

Sugars 

Total soluble sugar and reducing sugar were estimated in alcohol extract, with and 

without acid hydrolysis respectively by the modified method of nelson (1944) . Potato 

was dried in a hot air oven. The dried sample was powdered in a grinder. 100 milligram 

of dried powdered sample was extracted with boiling 80% alcohol. The sample was 

cooled, filtered and the filtrate was collected in a dry sample tube. This process was 

repeated 3-4 times and the peeled filtrate was made up to a known volume. The aliquots 

of alcohol extract was evaporated to dryness and made up to a known volume with water. 

For estimation of total sugar, the alcohol free sample was hydrolyzed with lN HCL. The 
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sample was re-neutralized with lN NaOH using phenolphthalein as an indicator and 

made up to a known volume. An aliquot of this was used for estimation of total sugar. 

One ml of alkaline copper reagent was added and the tubes were kept in a boiling water 

bath for 20 mins. After cooling, one ml of arsenomolybdate reagent was added. The 

absorbance was read in spectrophotometer Genesys TM 10 Series (Thermo electron 

corporation, Madison, WI) at 620 nm. The total sugar concentration was found 

using the standard graph (Appendix B). 

Reducing sugars was estimated from the aliquot of the samples, which was made 

up to one mi lliliter with distilled water to which one ml of alkaline copper reagent was 

added and the tubes were kept in a boiling water bath for 20 mins. To each tube after 

cooling to room temperature, one ml of arsenomolybdate reagent was added, thoroughly 

mixed immediately till effervescence was obtained and was made up to 10 ml. the 

absorbance was read is a spectrophotometer Genesys TM 10 Series (Thermo electron 

corporation, Madison, WI) at 620nm. The reducing sugar was found using the 

standard graph (Appendix C). 

Starch 

The total amount of starch present in sample was estimated by anthrone reagent 

method (Mc Cready et al , 1950). The sample is treated with 80% alcohol to remove 

sugars and the starch is extracted with perchloric acid. In hot acidic medium starch is 

hydrolysed to glucose and dehydrated to hydroxymethylfurfural. This compound forms a 

green colored product with anthrone. 100 milligram of the residue left after extraction 
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with 80% alcohol was hydrolyzed with 5 ml of 52% perchloric acid, stirred for 5 mins at 

0° C, centrifuged (Thermo scientific, IEC CL 10 centrifuge) and the supernatant was 

collected. To the pooled perchloric acid extract , 4 ml of chilled anthrone reagent was 

added drop by drop with constant shaking in an ice bath and brought up to the room 

temperature. It was kept in a water bath at 80-85° C (176°F-185°F) (for 10 mins. It was 

cooled rapidly and absorbance was read in spectrophotometer Genesys TM 10 Series 

(Thermo electron corporation, Madison, WI) at 630 nm. The glucose content was found 

out on a standard graph (Appendix D). The starch content was obtained by multiplying 

the glucose value by a factor of 0.9 as 90 parts of starch yields 100 parts of sugar. 

Fat Content 

Fat content was measure after par frying and finish frying of French Fries. 

Moisture content was performed using the AOCS-approved CEM SMART Trac™. It 

combines microwave drying with nuclear magnetic resonance (NMR) to accurate 

measure the moisture and fat content of food. The sample is dried to remove the 

hydrogen protons present due to moisture. The smart trac system consists of a smart 

system moisture/solids analyzer, as smart trac processer module and smart trac NMR. 

The NMR then sends a pulse of radio frequency energy though the sample causing the 

remaining hydrogen protons to generate a signal known as free induction decay (FID) the 

intensity of the FIDD is analyzed by the system software to determine the amount of 

moisture and fat protons in the sample. Fat proton has a slower decay rate than other food 

components such as protein and carbohydrates and therefore, they can be accurately 
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measured. A homogeneous sample (2-3 gm) is placed on CEM trac film which is mostly 

glass fiber pads. The sample is dried in the moisture/ solids analyzer, which gives us the 

amount of moisture content of the potatoes of the French Fries. The sample is rolled in 

the film and placed in the NMR. While within the static magnetic field of the NMR, the 

sample is pulsed with radio frequency energy. The resulting signal is recorded and 

analyzed for the total proton activity of the fat present in the sample and thereby 

calculating the fat content in the sample. 

Microscopy 

Photomicrographs of raw potatoes and potato strips after each processing was 

made with a Nikon Eclipse TS 100 microscope (fluorescence microscope) (Nikon 

Corporation, Tokyo, Japan) equipped with a Nikon Coolpix 995 digital camera (Nikon 

Corporation). 

Color Analysis 

Finish fried samples were tested for color using the Hunter color lab. The 

instrument is standardized each time with a white and a black ceramic tile. Equal 

amounts of the samples were places in three glass containers and placed individually in to 

the color lab for analysis. Samples were rotated after each reading until a total of six 

readings were averaged and recorded. Color was analyzed by the instrument using L , a 

and b where 'L ' indicates lightness to darkness of the food sample, 'a' represents red to 

green dimension and 'b' indicates yellow to blue dimension. 
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Sensory Evaluation 

Sensory evaluation was performed to evaluate six attributes of the French Fries 

based on likeability. The panelists were and undergraduate students and the faculty in the 

department of Nutrition and Food Science at TWU. The attributes that were evaluated 

were color, texture, greasiness, fried potato flavor. Likeability was evaluated for overall 

flavor and overall likeability. All sensory evaluation was performed using a nine point 

hedonic scale (Appendix A). French Fries prepared by 18 different methods were tested 

three at a time using a 3 x 3 sensory test. We did the sensory testing by repeated measures 

wherein every panelist tested all the 18 treatments in sets of three's and were blocked by 

the blanching temperature factor and dehydration. 

Statistics 

Statistical analysis will be done using SPSS 15.0 software. Levels of significance were 

designated as P < 0.05. The relationship of blanching time, blanching temperature, 

dehydration time and dehydration temperature on the moisture content, fat content, color 

and sensory will be done using two-way Analysis of Variance (ANOVA). The data was 

collected in four batches and all analysis was done on triplicates, thereby there was 12 

reading for each parameter. The sensory was done by 15 panelists. Storage study was also 

done in four batches with triplicate reading from each batch. One-way analysis of 

variance (ANOV A) was performed to assess the differences between the storage days on 

the moisture content, fat content, color and sensory. Tukey post hoc test was used in the 
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study. Pearson' s coefficient correlation was used to find the relationship between 

moisture content in potato strips with fat intake during frying. 

46 



CHAPTER IV 

RESULTS AND DISCUSSION 

The results of the processing of potatoes to yield French Fries will help fulfill 

objectives of our research which was to determine the chemical composition of the 

potatoes and also observe the effect of blanching temperature, blanching time and 

dehydration on the moisture content, oil content, color analysis and sensory evaluation of 

French Fries and to determine which of the parameters will produce good quality French 

Fries. 

Specific Gravity of Raw Potatoes 

Specific gravity influences the processing quality of potatoes. The average 

specific gravity of Russet Burbank potatoes used in the study was 1.080 which is 

considered to be medium-high specific gravity as indicated by Lininska and leszcynski 

(1989). Potatoes with specific gravity greater than 1.080 increase yield and decrease oil 

uptake. Somorowska (1978) reported that specific gravity is positively co-related with 

dry matter and negatively co-related with sugar content and tuber with high specific 

gravity produces crisper product with better color. High specific gravity indicates higher 

starch content and dry matter which could produce crispier French Fries. Some research 

consider specific gravity of 1.070-1.080 as medium specific gravity (Jaswal, 1991) 
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Moisture Content of Raw Potatoes 

The moisture content of the raw potato strips was determined after every stage of 

processing. The average moisture content of the raw potatoes was 80.05%. Therefore the 

dry matter content of the potatoes used was 19.95 % and was in the range measured by 

Marwaha, (1998) but less than 21.1 % as indicated by Lininska and Leszcynski (1989) to 

produce good French Fries. Similarly, Talburt and Smith (1977) reported that the 

moisture content in potato varies from 63 to 86%. 

Moisture Content After Blanching 

During blanching, potatoes absorb water as a result of which moisture content 

increases. ANOV A was conducted and a summary of the results is presented in 

(Appendix E). The F value is a statistical indicator of the statistical precision for the 

experimental value. It indicates the ratio of variation among over within variations. 

ANOVA results indicated F (8 , 99) = 9.25, p<0.05 where 8 is the degree of freedom (df) 

among groups and 99 is the degree of freedom within groups. Sum of squares of each 

group is the fi rst step in testing a hypothesis. Dividing each sum of squares with 

appropriate degree of freedom gives us the mean square which is needed to find the F 

value. The mean squares represent the squared deviation of an effect from the total mean. 

F value gives us more confidence in the data indicating the effect is the main effect and 

not by chance. Blanching time had a significant effect on the moisture content. Blanching 

temperature and interaction between the blanching temperature and time was not 

significant (Appendix E). Tukey's post hoc test showed moisture content was more in 45 
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mins blanching time than 15 mins. Moisture content of strips blanched at 160°F for 15 

minutes was significantly lower than strips blanched at 180°F for 45 minutes. During 

blanching, moisture enters the cells and helps in the swelling of starch granules leading to 

starch gelatinization of the surface of potato strips. The cytoplasmic membranes are 

altered and the cell walls are altered, pectin's is modified and nucleus and cytoplasmic 

proteins are denatured and chloroplastas and chromoplasts are distorted. All these 

changes during blanching influences the texture of French Fries as surface gelatinization 

gives a crispy texture to the French fries during frying and also reduces the oil absorption. 

Also due to blanching there is softening of potato tissue mainly due to ease of cell 

separation. PME gets activated in the cell walls leading to less degradation of cell leading 

to finner texture formation. Due to this increase in moisture pre-drying of potato strips 

have to be performed to remove the surface moisture which leads to increase oil 

absorption during frying. 
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Figure 7. Moisture content of potatoes after blanching. ANOV A was performed to assess 

the difference between the groups. Figure values shows means± SD. Difference in mean 

was analyzed by Tukey's test. 

Moisture Content After Dehydration 

Dehydration was performed at two temperatures o{ l 80°F for 10 mins and 2 l 0°F 

for 5 mins . Drying is performed to remove the surface moisture to prevent excess oil 

absorption during the frying process. 
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Figure 8 . Moisture content of potatoes after dehydration. ANOV A was performed to 

assess the difference between the groups. Figure values shows means ± SD. Difference in 

mean was analyzed by Tukey's test. 

More moisture loss was observed at 180°F for 10 min, than at 2 l 0°F for 5 min (p< 

0.05). Even after dehydration, the moisture content was highest for potato strips blanched 

at 210°F for 5 min which could be due to the excess water that was absorbed during 

blanching. Drying is very important for the texture development during frying as it helps 

in formation of crispier crust and also lesser oil absorption. 
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During dehydration water evaporates from the surface, and develops a thick layer 

with moisture confined to center of the product this helps in the texture formation during 

frying. Moisture content of potato strips of all parameters was noted and we observed that 

potato strips balanced at 160°F for 15 min had the lower moisture content after 

dehydrating by the both the dehydration temperature and time treatments This could be 

due to lower moisture that was absorbed during blanching. Potato strips dehydrated at 

180°F had significantly lower moisture content across all blanching temperature and 

blanching time than 210°F for 5 mins as seen in table below. 

Table 4. Moisture Content After Dehydration 

Blanching Dehydration Blanching Time & Moisture Content(%) 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 
180°F for 10 mins 70.95 3 72.95 ab 74.39bcd 

160°F 210°F for 5 mins 73.38bcde 74_57caetg 75 .78bcdet 

180°F for 10 mins 74.90bc 75 .31 bcdetg 75.41detg 
170°F 210°F for 5 mins 74.60cd 75.2 ldetg 74.66etg 

180°F for 10 mins 7 5. 02 bcdetg 75.58cdetg 76.61derg 
180°F 210°F for 5 mins 76.35etg 76.66tg 76.73g 

Table indicates mean values of each groups and values with different alphabets 
indicate statistical significant difference (p<0.05). Analysis was done in four batches 
in triplicates. ANOV A was perfonned to assess the difference between the groups. 
Turkey's test shows the difference between the 18 groups. 

Moisture loss during dehydration is influenced by the temperature and time. Pre 

drying of the potato stips before drying produces French fries with lower fat content as 

discussed before hiigher moisture content on the surface of the potato strips leads to more 

oil absorption as water is replaced by oil during frying. 
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Fat Content After Par Frying 

The fat content in par-fried French Fries was significantly affected by blanching 

temperature, blanching time and dehydration time and temperature (p< 0.05). There was 

a significant interaction among all the processing parameters (Appendix E) The par- fried 

French Fries blanched at 160°F and l 70°F had significantly lower fat content compared 

to l 80°F(Turkey's test). Fat content in par- fried French Fries increased with increase in 

blanching time. Potato strips blanched at 160°F for 15 mins at dehydration temperature of 

l 80°F for 5 mins had the lowest fat content(7.48%) whereas the highest fat content was 

noted in highest blanching temperature ( 180°F) and time ( 45 mins) and highest 

dehydration temperature and time. 

Table 5. Fat Content in Par-fried French Fries 

Blanching Dehydration Blanching Time & Fat content (%) 
Temperature Temperature and Time 

15 Mins 30 Mins 45 Mins 
180°F for 10 mins 7.48 3 8.67ccte 8.67ccte 

160°F 210°F for 5 mins 8. 79ccte 7.89ab 8_24abcd 

180°F for 10 mins 8_ 13 abc 8. 71 cde 8 . 5 9bcde 

l 70°F 210°F for 5 mins 7.80a 8. 7 4 ccte 8. 73 cde 

l 80°F for 10 mins 8.17et 8.90de 8. 81 t g 

l 80°F 210°F for 5 mins 9.71 tg 9. 84 tg 10.02g 
Table indicates mean values of each groups and values with different alphabets mdicate 
statistical significant difference (p<0.05). Analysis was done in four batches in triplicates. 
ANOV A was performed to assess the difference between the groups. Turkey's test shows 
the difference between the 18 groups. 

During frying, water in the crust evaporates and moves out of the food. In order 

for the flow of vapor to continue, sufficient water has to be able to migrate from the core 
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of the food to the crust and the crust has to remain permeable. The fact that the vapor 

leaves voids for the fat to enter later, is the reason why fat uptake is largely determined 

by the moisture content of the food (Mehta & Swinbum, 2001). The finding in this study 

agrees with the fact that higher moisture content in potato strips leads to higher oil 

absorption. Potato strips dehydrated at 210°F for 5 mins had higher moisture content and 

also higher fat content in par-fried French Fries. 

Fat Content After Finish Frying 

Fat content in finish fried French Fries followed similar trend as par-fried French 

Fries. The blanching temperature and blanching time and dehydration time and 

temperature had a significant effect on oil absorption. There was also interaction of all 

the three processing parameters on the fat content (Appendix E) The blanching 

temperature of finish fried French Fries was significantly different with 160°F being the 

lowest and l 80°C being the highest. A similar significance was also observed for 

blanching time where 15 mins and 45 mins were lowest and highest respectively. Potato 

strips dehydrated at l 80°F for 10 mins produced finish fried French Fries with lower fat 

content.(p< 0.05) The highest fat content was noted in samples that had highest 

blanching temperature (180°F) and time (45 mins) at dehydration temperature of210°F 

for 5 mins 

Drying helps to improve texture during frying and also reduces the oil absorption. 

The open pores is decreased during drying due to shrinkage of potato tissues which 

reduces the uptake of oil during frying which could be the reason potatoes dehydrated at 
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160°F for 10 mins had the lowest oil content as it had more moisture loss during drying 

than 210°F for 5 mins. The oil content was significantly more in French Fries with higher 

moisture content after dehydration as seen in the tables below 

Table 6. Fat Content in Finish-fried French Fries 

Blanching Dehydration Blanching Time & Fat Content(%) 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 
180°F for 10 mins 14 .52a 15 .26abc 16.09cdetg 

160°F 210°F for 5 mins 15.36bc 15 . 85 cctet 16.61 tg 

180°F for 10 mins 15.5Qcd 15.65ccte 16.28detg 
l 70°F 210°F for 5 mins 15.68cde 16.90g 16 .84g 

180°F for 10 mins 15.Q6ab 16.86g 18.4 7h 
l 80°F 210°F for 5 mins 15 .39c 16 .40etg 18.75h 

Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05). Analysis was done in four batches in triplicates. 
ANOV A was performed to assess the difference between the groups. Turkey's test shows 
the difference between the 18 groups. 

During dehydration the moisture loss on the surface of potato strips determines 

the amount of fat absorbed during frying. During frying the heat from the oil which is 

350°F moves from the oil to the potato strips. If any surface moisture is present in the 

potato strips after dehydration, frying helps in evaporating this moisture from the surface 

as water vapor. When water evaporates it leaves more air pockets thereby more oil seeps 

into the French Fries leading to higher fat content. 

The degree of starch gelatinization of the product prior to frying can affect the 

mechanism of oil absorption. Starch goes through a series of transformation when heated 
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and gelatinization is one of them, which is a physicochemical phenomenon of swelling of 

starch in presence of heat. Kawas and Moreira (2001) showed that the higher the amount 

of starch gelatinized the lower is oil content after frying in tortillas chips but we do no 

observe that in this study as moisture content was higher in the potato strips influencing 

the fat intake. 

Oil absorption during frying depends on several factors such as the oil 

temperature, slice thickness, initial moisture content, pre- frying treatments, degree of 

starch gelatinized prior to frying and quality of oil. 

Co-Relation between Moisture Content and Fat Intake 

Pearson correlation coefficient showed that there was linear weak correlation 

between moisture content in potato strips with the oil absorption during finish frying. 

This finding was similar to observation done by (Gamble & Rice, 1987) who found 

positive relationship between the moisture and oil content in potato crisps (chips). 

Pinthus et al., (1993) argued that the total volume of fat will equal the total volume of 

water removed (mass balance) 

Sugars and starch content of raw potatoes was determined. The sugars were 

determined by total sugars and reducing sugars which is responsible for the browning 

reaction in French Fries 

Total Sugars in Raw Potatoes 

The total sugar in the raw potatoes was 285 mg /100 gms fresh weight basis 

(FWB) of potato. Most potato cultivars, tubers with less than about 2.8 milligrams 
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sucrose per gram (mg/g) fresh weight are considered chemically mature (Pritchard, 

1993). 

Total Sugars After Blanching 

Two way analysis of variance showed that there was a significant effect of 

blanching temperature and blanching time (Appendix E) on the total sugar content in 

potato strips. It was observed that as the blanching temperature increased the total sugar 

content reduced. There was also decrease in total sugar content as the blanching time 

increased. Potato strips blanched at l 80°F for 45 mins had the highest sugar loss and 

potato strips blanched at l 60°F for 15 mins had the lowest sugar loss. The results showed 

that when potato strips were balanced at higher temperature and for longer time less total 

sugar was present in the potato strips which is similar to the finding by Aguilera-Carbo 

(1999) where steady decrease in sugars as a function of time and temperature of 

blanching was observed. 
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Figure 9. Total sugars in potatoes after blanching (FWB). ANOVA was performed to 

assess the difference between the groups Figure values shows means± SD. Difference in 

mean was analyzed by Tukey's test. 

Reducing Sugars in Raw Potatoes 

The reducing sugar in raw potatoes was observed to be 146.66mg/100 gms fresh 

weight which is less than 2.1 mg/g which is recommended by (Pritchard, 1993) to 

produce good French Fries. Potatoes containing low amount of reducing sugars produce 

light colored French Fries. High levels of sugars in the tubers will lead to non-enzymatic 

browning reaction known as the Millard ' s browning reaction which is a reaction between 
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reducing sugars and free amino acids in the presence of heat which is usually during 

frying. French Fries of most suitable color were produced from potatoes with an average 

reducing sugar contest of 0.18%. (Wright and Whiteman, 1951) 

Reducing Sugars After Blanching 

Reducing sugars are responsible for the color of French Fries. The ANOV A 

results indicate that blanching time (F(2, 110) = 59 .44, p< 0.05 and blanching temperature 

(F(2, 110)= 5.95, p< 0.05 has significant effect on the reducing sugars. There was also an 

interaction of blanching temperature and blanching time (F(4,110)= 59.44, p< 0.05 on the 

reducing sugars. Tukey's test reveled there was a significant difference between 

blanching temperatures 160°F and 180°F on the reducing sugar content and also there 

was significant difference between 15 mins and 30 mins of blanching time. As the 

blanching time increased the reducing sugars significantly reduced in the potato strips. 

The potato strips blanched at 180°F for 45 min had the lowest reducing sugar and highest 

was in strips blanched at 160°F for 15 mins. Agblor and Scanlon (2000) found that longer 

blanching or higher temperature blanching increased the lightness of French Fries due to 

increase loss of sugar from potatoes. 
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Figure 10. Reducing sugar in potatoes after blanching (FWB). ANOVA was performed to 

assess the difference between the groups. Figure values shows means ± SD. Difference in 

mean was analyzed by Tukey' s test. 

During blanching the reducing sugars, glucose and fructose diffuse from the outer 

layers into the surrounding blanching water. This loss of sugars can be explained by 

Ficks law of diffusion. Diffusion, in chemistry is the spontaneous migration of substances 

from regions where their concentration is high to regions where their concentration is 

low. In the presence of heat, sugar moves from the potato strips into the water. Milford 
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and Morales, (1970) reported that during blanching loss of sugar from the strips was 

independent of the temperature, with an appreciable decrease occurring as time increased. 

Color Analysis 

'L' value 

The results showed there was effect of blanching temperature, blanching time and 

dehydration temperature and time on the Lightness value in Hunter's color Lab. 

(Appendix E). There was an interaction between blanching time, blanching temperature 

on the color of French Fries The blanching temperature of finish fried French Fries was 

significantly different with 160°F being the highest and 180°F being the lowest. A similar 

significance was also observed for blanching time, where 45 and 15 mins were lowest 

and highest respectively. The highest 'L' was noted in samples that in highest blanching 

temperature (180°F) and time (45 mins) and lowest 'L' value was in French Fries 

blanched at 160°F for 15 mins. 
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Figurel 1. 'L' Value of French Fries. ANOVA was performed to assess the difference 

between the groups. ANOV A was performed to assess the difference between the groups. 

Figure values shows means ± SD. Difference in mean was analyzed by Tukey's test. 

The 'L' measures lightness (white) to darkness (black). It was observed that as the 

blanching time and blanching temperature increased the French Fries color was also 

lighter which was due to the leaching out of reducing sugars and total sugars during 

blanching which follows a similar pattern in this study. Higher sugars content in potato 

strips lead to lower 'L' value in French Fries. The leaching of sugar from potato strips is 
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responsible for lower Millard's reaction during frying. Lesser color formation in French 

Fries blanched in lower temperature and time was comparable with the findings by 

Agblor & Scanlon, (2000) where longer blanching time and higher blanching temperature 

increased the lightness of French Fries 

'a' value 

There was an interaction between blanching time, blanching temperature. The 

blanching temperature and time significantly differed from each other Blanching time of 

15 mins had highest 'a' value and 45 mins had the lowest. Potato strips blanched at l 80°F 

for 15 mins had the highest ' a' values. The lowest color was noted in samples that was 

blanched at 180°F fo r 30 mins and dehydration at 180°F for 10 mins. 

Table 7. 'a' Value of French Fries 

Blanching Blanching Time 
Temperature 15 Mins 30 Mins 45 Mins 
160°F 3.07d 2.16c 1.91 be 
170°F 4.28t 3.51 de 1.99bc 
180°F 4.16et 1.4Qab 0.98a 

Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05). Analysis was done in four batches in triplicates. 
ANOV A was perfonned to assess the difference between the groups. 

Value a measures +a as red color to - a representing green color. All the 

parameters had +a value signifying red color The French Fries blanched for lesser time 

had significant red color compared to the longer time blanched French Fries. The red 

color is due to excess amount of sugars which leads to browning color during frying. 
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'b' value 

There was an interaction between blanching time, blanching temperature and no 

interaction with dehydration time and temperature Potato strips blanched at 160°F had 

significantly lower 'b' value as compared to 170°F and 180°F. Samples blanched for 15 

mins indicated significantly higher 'b' value as compared to 30 mins and 45 mins and 45 

mins showing the least. Potato strips blanched at 180 °F for 15 mins with dehydration at 

180°F for 10 mins produced finish fried French Fries with highest 'b' value. The lowest 

color was noted in samples that were blanched at 160°F for 45 mins and dehydration at 

180°F for 10 mins. 

Table 8. 'b' Value of French Fries 

Blanching Blanching Time 
Temperature 15 Mins 30 Mins 45 Mins 
160°F 17.02a 17.66b 17.07a 
170°F 19.27e 19.38e 18.86d 
180°F 19.99t 19.l0de 18.25c 
Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05). Analysis was done in four batches in triplicates. 
ANOV A was performed to assess the difference between the groups 

Total Starch in Raw Potatoes 

The starch content in raw potatoes was 18.43gm/100gms fresh weight and most 

cultivated potatoes varieties has been reported to vary between 14.98 to 18.40g/100 gm 

fresh weight of tubers.( Kita, 2002). Higher starch content yields crispier product 
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Total Starch After Blanching 

Statistical analysis revealed that there was a significant effect of blanching time 

on the starch content (F (2,110) = 8.50, p< 0.05 

18.0 

E 17.5 

Cl 
0 
0 
T"" 

E: 
~ -s:: 
Cl) 17.0 -s:: 
0 

(.) 

..c: 
(J 
a... 
ro -en 

16.5 

16.0 

15 Mns 30 Mns 

Blanching Time 

45 Mins 

I 160oF 
I 170oF 

180oF 

Figure 12. Starch content in potatoes after blanching (FWB). ANOV A was performed to 

assess the difference between the groups. Figure values shows means± SD. Difference in 

mean was analyzed by Tukey's test. 

. It was observed that as the blanching time increased the amount of starch in 

potatoes gradually reduced. The blanching time of 15 mins was significantly different 
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from blanching time 30 and 45 mins. Highest starch content was observed in potato strips 

blanched at 160°F for 15 mins and lowest in potato strips blanched at 180°F for 45 mins. 

Starch moves out of the potato strips by diffusion. In the presence of heat and water 

starch diffuses into the water and with longer time the surface starch gelatinizes to give 

us a crispier product and lower oil content product 

Microscopy of Potato After Processing 

Starch granules were observed under fluorescence microscope to give us a better 

idea on what happens to starch during various processing. 
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Figure 13. Microscopic images (Fluorescence microscope) of potato strips after various 

processing. A. Raw potato. B. 15 mins blanching. C. 45 mins of blanching. D. 

Dehydration. E. Finish fried. 
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The microscopic images were taken at 10 x and the raw potatoes image indicates 

small molecules of starch which consists of amylose and amylopectin. Potato starch has 

about 20% amylose and 80% of amylopectin. Potato starch contains typical large oval 

spherical granules, their size ranges between 5 and 100 µm. Potato starches that we 

observe in our image granules are large granules with a smooth round oval shape. The 

images show a defined structure of the molecules. Starch becomes soluble in water when 

heated. The granules swell and burst, the semi-crystalline structure is lost and the smaller 

amylose molecules start leaching out of the granule, forming a network that holds water 

and increasing the mixture's viscosity which is known as gelatinization. The first 

manifestation of starch gelatinization is the loss of birefringence. Heating starch in water 

will cause molecules to be disordered and thereby birefringence is lost. We observe 

noticeable initiation of swelling of individual granules and the cells losing its structure 

and shape when heated for 15 mins at 160°F which is similar to the observation by 

Aguilera, Cadoche, Lopez and Gutierrez (2001) who found that wet isolated starch 

granules begin to expand and gelatinize at 65°C( 140°F). When balanced for 45 mins, we 

observe deformation of granules and formation of molecules into one mass and 

gelatinization of starch molecules which helps producing a crisper product during frying 

and lesser oil absorption. Dehydrated and finish fried images looked similar with the 

exception of oil droplets in the finish fried image which is due to frying. The molecules 

seem to have shrunk in size due to loss of moisture during both the processing of 

dehydration and frying. 
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Figure 14. Outer surface of French Fries ( SEM) 

(Liniska and Golubowska, 2005) 

Sensory Evaluation 

Sensory panelist evaluated the French Fries on the attributes of color, texture, 

greasiness, fried potato flavor, overall flavor and overall acceptability. Nine point 

hedonic scale was used for scoring the French fries. 

Color 

Color analysis was done on a Bedonie scale with one score presenting colorless 

and nine score indicating brown French Fries. French Fries blanched at all three 

blanching time points were significantly different from each other, with 15 mins having 

the golden brown color and 45 mins being towards colorless. Color close to score five 

which is golden yellow is considered to be a good quality color. No significant effect of 
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blanching temperature and dehydration temperature and time was observed on the color 

score. French Fries blanched at 160°F for 15 mins had the highest color score, which is 

golden to light brown at dehydration 180°F for 10 mins. Color close to colorless score 

was obtained for French Fries blanched at 180°F for 45 mins at dehydration for 210°F for 

5 mins. 
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Figure 15. Color score of French Fries. ANOV A was performed to assess the difference 

between the groups. Figure values shows means ± SD. Difference in mean was analyzed 

by Tukey' s test. 

The sensory score of French Fries was similar to the color analysis of French 

Fries by hunters color lab. Panel thought that French Fries blanched for less time were 
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golden brown and blanched for more time towards colorless due to excess sugar loss 

during blanching. 

Texture 

Blanching time, blanching temperature and dehydration time and temperature had 

a significant effect on the texture score during sensory evaluation. The higher score 

indicates a better quality French Fries as it crispier. Higher degree of crispiness indicates 

better textural quality. As the blanching time and temperature increased the texture score 

also increased. 160°F for 10 mins dehydrated French Fries had better crispy texture than 

210°F for 5 mins . The French Fries blanched at 180°F for 45 mins was moderately crispy 

when dehydrated at 180°F for 10 mins and the soggy French Fries was noted at blanching 

of 160°F for 15 mins at dehydration 2 l 0°F for 5 mins 

Table 9. Texture Score of French Fries 

Blanching Dehydration Blanching Time 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 
180°F for 10 Mins 3 .67ab 4 _87 bcdetg 5 .67etg 

160°F 210°F for 5 Mins 3.07 3 4 _67 bcaer 4 .4 7 abcde 

180°F for 10 Mins 3.80 abc 4 40abcde 
' 

5. 3 3 detg 

170°F 210°F for 5 Mins 5 _ 13 bcdetg 4 .40abcde 5 _26caetg 

180°F for 10 Mins 4_13abcd 6.13 1g 6.20g 

180°F 210°F for 5 Mins 4 _60 bcde 4.53 abc 5. 00bcdetg 

Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05).ANOV A was performed to assess the difference 
between the groups. Turkey' s test shows the difference between the 18 groups. 
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Texture depends on starch content and gelatinization of starch during blanching. It 

was seen that as blanching time increased there was an increase of sugars diffusing out of 

potato strips but also more gelatinization, which lead to crispier products. Drying and 

frying also plays a very important role in texture formation in French Fries. The sensory 

score showed crispier product in French Fries dehydrated at 160°F for 10 mins that had 

more moisture loss during dehydration than 180°F for 5 mins. 

Greasiness 

Blanching time had a significant effect on the greasiness score during sensory 

evaluation. Potato strips blanched at 15 mins was significantly different from potatoes 

blanched at 30 mins and 45 mins. A lower score of 1 in sensory scale indicates not greasy 

and 9 score indicates very greasy and a lower value score gives us a better quality French 

fries due to less greasiness. Also it was observed that as the blanching time increased 

there was also an increase in greasiness score. The French Fries blanched at 180°F for 30 

mins dehydrated at 180°F for 10 mins was the greasiest and French Fries blanched at 

160°F for 45 mins at dehydration 180°F for 10 mins were the least greasy. 
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Table 10. Greasiness Score of French Fries 

Blanching Dehydration Blanching Time 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 
l 80°F for 10 Mins 5 .46bc 4 .40abc 3.46a 

160°F 210°F for 5 Mins 4 .46abc 5 .26bc 4 .40abc 

l 80°F for 10 Mins 5. 07abc 5 .07abc 3 .86ab 

l 70°F 210°F for 5 Mins 4. 73 abc 4.60abc 4.26abc 

180°F for 10 Mins 5.6 oc 5.86c 4 . 73 abc 

180°F 210°F for 5 Mins 3.86ab 4.67abc 5 .33 be 

Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05).ANOV A was performed to assess the difference 
between the groups. Turkey's test shows the difference between the 18 groups. 

Blanching temperature did not have any significant effect on the sensory score 

which is different from the results of fat analysis which showed an effect of both 

blanching temperature and blanching time on French Fries. 

Fried Potato Flavor 

Fried potato flavor of French Fries was affected by blanching time and blanching 

temperature. On a sensory scale, score 9 value means the French fries had a very 

flavorful fried potato flavor. It was observed that fried potato flavor increased with 

increase in blanching temperature with 180°F having the significantly higher fried potato 

flavor than 160°F and 170°F. Fried potato flavor was noted to be significantly higher 

within 45 mins of blanching time as compared to 30 mins . The French Fries blanched at 

180°F for 45 mins had moderate fried potato flavor when dehydrated at 180°F for 10 mis 
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and more towards flavor less when at blanched at l 60°F for 15 mins and dehydrated 

l 80°F for 10mins 

Table 11 . Fried Potato Score of French Fries 

Blanching Dehydration Blanching Time 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 
l 80°F for 10 Mins 3.0oa 3.6Qab 5.13 ab 

160°F 210°F for 5 Mins 3.93ab 4.53ab 5.26ab 

l 80°F for 10 Mins 4.66ab 3.80ab 4.Q6ab 

l 70°F 210°F for 5 Mins 3.93 ab 3.73 ab 4.53ab 

l 80°F for 10 Mins 5.33b 4.66ab 4.8Qab 

180°F 210°F for 5 Mins 4.93 ab 5.00ab 5.53b 

Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05).ANOV A was performed to assess the difference 
between the groups. Turkey's test shows the difference between the 18 groups. 

Fried potato flavor is the flavor associated with the mealiness of cooked potato 

along with frying. Since the potatoes were partially cooked during blanching and then 

further cooked during par frying which leads to a good flavor of French Fries. The flavor 

of French fried potatoes has been analyzed and to date, 429 volatile compounds have 

been reported to occur in the aroma of this popular food. Wanger R, et al ( 1998) reported 

that the key odorants is French Fries were, 2-ethyl-3, 5-dimethylphyrozine, 2,3-diethyl-5-

methylphyrozine, Methanethiol and 3-methylbutanol 
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Overall Flavor 

Over all flavors in French Fries was affected by blanching time and blanching 

temperature and dehydration temperature and time. French Fries blanched at l 80°F 

significantly higher than 160°F. The lowest overall flavor was noted in 30 mins as 

compared to 15 or 45 mins. The French Fries blanched at 170°F for15 mins and 

dehydrated 2 10°F for 5 mins had highest score on the likeability scale and was 

moderately liked and the lowest of flavor was seen in French Fries blanched at l 60°F for 

30 mins dehydrated 180°F for 10mins. Blanching for longer time ensures the enzymes 

that cause discoloration and off flavors are inactivated and thereby we have a better 

flavor product. If any enzymes are not inactivated during lower temperature and lower 

time blanching it can lead to oxidation of the par fried French fries leading to off flavor in 

finish fried French fries. 

Tab le 12.Overall Flavor Score of French Fries 

Blanching Dehydration Blanching Time 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 
180°F for 10 Mins 4.93abcae 3.ooa 4_67abcd 

160°F 2 10°F for 5 Mins 5.67de 3.60a 5.47ccte 

180°F for 10 Mins 4 _73 abcd 3. 73 ab 5.93d 

170°F 2 10°F for 5 Mins 6.80e 4_ 73 abed 5. 93 de 

180°F for 10 Mins 5.8Qde 3 .67abc 5.33bccte 

180°F 210°F for 5 Mins 6.53de 4_67abcd 6.13de 

Table indicates mean values of each groups and values with different alphabets indicate 
statistical significant difference (p<0.05).ANOV A was performed to assess the difference 
between the groups. Turkey's test shows the difference between the 18 groups. 
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Overall Likeability 

Over all likeability of French Fries was affected by blanching time and blanching 

temperature. The overall likeability increased as the blanching time increased such that 

180°F were overall liked more than 160°F. The overall likeability of French Fries was 

significantly more in 30 mins compared to 15 and 45 mins. The lowest likeability was 

noted in 30 mins as compared to 15 or 45 mins. The French Fries blanched at 180°F for 

15 mins and dehydrated at 210°F for 5 mins had highest score on the likeability scale and 

the lowest overall likeability of flavor was seen in French Fries blanched at 160°F for 30 

mins dehydrated 180°F for 10mins 

Table 13.Overall Likeability Score of French Fries 

Blanching Dehydration Blanching Time 
Temperature Temperature and 

Time 15 Mins 30 Mins 45 Mins 

180°F for 10 Mins 4.80abc 4.40ab 4. 73 abc 

160°F 210°F for 5 Mins 5 _13abcd 4.06 8 5 _80abcct 

180°F for 10 Mins 6.46Cd 4.13 ab 5 _53 abcd 

170°F 210°F for 5 Mins 5 _53 abed 4 .40abcd 5. 80abcd 

180°F for 10 Mins 6.87d 5_ 13 ab cct S.S0abcd 

180°F 210°F for 5 Mins 6.07bCd 5_33 abcd 6.00abcd 

Table indicates mean values of each groups and values with different alphabets mdicate 
statistical significant difference (p<0.05).ANOV A was performed to assess the difference 
between the groups. Turkey' s test shows the difference between the 18 groups. 
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Holding Time 

The average holding time was noted for all the process French Fries. They were in the 

range of 3 mins to 6 mins. Higher specific gravity and higher total solids increase the 

holding time of French Fries. Thick and firm crust formation during dehydration 

determines the holding time of French Fries after frying. 

Table 14. Average Holding Time of Finish Fried French Fries (Mins) 

Blanching Dehydration Blanching time 
temperature temperature and 

time 15 mins 
180°F for 10 mins 3.41 

160°F 2 l 0°F for 5 mins 3.33 

180°F for 10 mins 3.75 

170°F 210°F for 5 mins 3.33 

180°F for 10 mins 4.25 

180°F 210°F for 5 mins 3.41 

Storage Results 

Moisture Content 

30 mins 
3.83 

3.33 

4.16 

4.00 

4.58 

3.75 

45 mins 
4 .16 

5.33 

4 .30 

4 .02 

4.50 

3.91 

The average moisture content of par-fried French Fries before storage was 

62.96%. There was a significant decrease in moisture during various storage time points. 

The Moisture content of par-fried French Fries stored for 30 and 45 days had 
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significantly lower moisture content as compared to 0, 1 and 15 days. However there 

was no significant difference between 0, 1 and 15 day and between 30 and 45 days. 
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Figure 16. Moisture content of finish fried French Fries after storage. ANOV A was 

performed to assess the difference between the groups. Figure values shows means ± SD. 

Difference in mean was analyzed by Tukey' s test. 

Moisture loss, or ice crystals evaporating from the surface area of a product, 

produces freezer bum. French Fries tend to lose moisture during storage due to migration 

of water in the tissues. Longer storage can lead to freezer bum and larger amount of 

moisture loss. Par-fried French Fries eventually lose moisture and quality even when 
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frozen in vapor proof packaging and cannot be stored indefinitely(Mosley, 2006). Ice 

accumulation on the surface of the potato strips leads to cell damage during storage. Cell 

wall can ruptures due to large ice crystal formation during storage and could lead to 

higher oil absorption during frying. Due to cell damage during storage the textural quality 

of French Fries can be affected with blister formation on the crust of French Fries. 

Fat Content 

The average fat content of French Fries fried after 24 hrs of storage is 14.28 %. 

Where the fat content of finish fried French Fries after 45 days was significantly higher 

than shorter time points of 1, 15 and 30 days. Significance was not seen between 15 and 

30 days. 

Increase in surface moisture content results in an increased fat uptake (Lomberg et 

al., 1990) and during freezing ice crystals are formed on the surface of the French Fries 

which could lead to increase oil absorption during finish frying. As discussed before the 

cell wall damage could also lead to increase in oil content during final frying. We 

observed during storage though the moisture had reduced the surface moisture of the 

strips was more due to migration of moisture form the core to the outside surface. This 

affected the oil absorption during finish frying. 
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Figure 17. Fat content of finish fried French Fries after storage. ANOV A was performed 

to assess the difference between the groups. Figure values shows means± SD. Difference 

in mean was analyzed by Tukey' s test. 

Color Analysis 

The overall color using hunter color parameter showed uniform color with respect 

to 'L' score that is indicative oflightness and redness 'a'and yellowness 'b'. There was 

no significant change in color in finish fried French Fries during storage 
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Sensory Evaluation 

Sensory evaluation was conducted to evaluate the attributes of finish fried French 

Fries across varying parameters such as color, texture, greasiness and fried potato flavor. 
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Figure 18. Sensory score of French Fries after storage. ANOV A was performed to assess 

the difference between the groups. Figure values shows means ± SD. Difference in mean 

was analyzed by Tukey' s test. 

The overall likeability and flavor was evaluated on likability scale. The sensory 

evaluation indicated there was a significant effect of storage on greasiness and fried 

potato flavor. Day 1 French Fries were less greasy than 45 days. There was no significant 
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difference between 1, 15 and 30 days. The fried potato flavor was significantly more 

flavorful on day 1 and 15 days than 30 and 45 days. How ever there was no significant 

difference in French Fries for color and texture. The overall likeability and flavor of 

finish fried French Fries decreased over storage time. 1 and 15 days flavor was 

significantly better than 15 and 30 days whereas overall likeability was significantly 

moderately liked than 15, 30 and 45 days 

The fat content in finish fried French Fries increased during storage which was 

also indicated by the higher score by sensory panel on the greasiness attribute during 

sensory evaluation. The fried potato flavor decreased over time which might be due to 

some enzymes that were not inactivated by blanching could have changed the flavor. Off 

flavors can also be produced due to oxidation of fat during storage as air in the packaging 

bags could cause rancidity and further deterioration of oils. 
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CHAPTER V 

SUMMARY 

Potatoes rank one in consumption, among vegetables in the United States. It is 

mostly consumed in the form of chips, French Fries or mashed. Producing good qualify 

French fried involves many factors. Firstly, potatoes selected for making French Fries 

needs to have high specific gravity, high dry matter, starch and low sugar content. Russet 

Burbank was selected for this study as it meets most of the parameters required. 

Secondly, good processing techniques need to be followed in order to get good quality 

French Fries. The processing parameters that affect the quality of French Fries are 

blanching time, blanching temperature and dehydration. Commercially, French Fries are 

par-fried, frozen, stored and then finish fried just before consumption. 

This study was performed to observe how each processing parameter affected the 

quality of French Fries. The potatoes were blanched at three different temperatures of 

160°F, 170°F and 180°F and at three different blanching times of 15, 30 and 45 mins. 

Effect of dehydration on the French Fries was also noted at 180°F for 10 mins and 210°F 

for 5 mins. The quality of French Fries was analyzed on the basis of fat content, color 

analysis and sensory evaluation. Moisture content was noted after each processing and oil 

content and color analysis were performed after frying. Analysis of raw potatoes was 

conducted for sugars, starch, specific gravity and dry matter. 
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The russet potatoes that were used had a medium-high specific gravity of 1.080 

and dry matter content of 19.95%. The total sugar was 285 mg /100 gms, reducing sugars 

was 146.66mg/100 gms and total starch content was 18.43gm/100gms. Potato strips 

subjected to blanching, resulted in a reduction of total sugars, reducing sugars and starch. 

This was because during blanching, sugar leaches out of the potato strips and starch gets 

gelatinized. Moisture analysis after blanching at all parameters (blanching temperature 

and time and dehydration) showed that as the blanching time increased, the moisture 

content also increased. However, when subjected to dehydration, there was loss of all the 

moisture absorbed during blanching process. Potatoes dehydrated at 180°F for 10 mins 

had more moisture loss than 210°F for 5 mins due to which products with more moisture 

loss was crisper and were less greasy. The par-fried and finish fried French Fries 

followed a similar pattern where increase in blanching time and blanching temperature 

showed an increased uptake of oil. Also, French Fries dehydrated at 180°F for 10 mins, 

had lower fat content due to lower moisture content. A positive correlation was noted 

between moisture content in potato strips and fat uptake during frying. Therefore, low 

temperature longer time blanching produced better quality French Fries. 

Color analysis showed that lower temperature blanching for longer period of time 

produced a lighter colored French Fries. Shorter blanching time produced higher 'L' 

value in Hunter's color lab indicative of darker colored French Fries. This can be 

explained by the higher loss of sugar that leached out during the blanching process. 

Similarly, a higher 'a' value in Hunter's color lab, showed a darker red color for French 
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Fries blanched for shorter time. This can be attributed to the Millard reaction during 

frying. Sensory evaluation of color agreed with the color analysis where panelists found 

that French Fries blanched at lower temperature (160°F) at a shorter time point (15 mins) 

resulted in golden brown coloration whereas at higher temperature(l 80°F) for longer time 

period ( 45mins) showed more towards colorless. Texture evaluated by panel indicated 

that French Fries were crispy in potatoes blanched for longer time as it lead to 

gelatinization and helped build good texture during frying. Greasiness score followed a 

different pattern as fat analysis where French Fries with a higher fat content were 

indicated less greasy by the panelist. Fried potato flavor, overall flavor and overall 

likeability was higher for French Fries blanched at highest temperature. The average 

holding time for French Fries produced in this study was between 3 and 6 mins. 

French Fries blanched at 160°F for 45 mins and dehydrated at 180°F for 10 mins 

were used for the storage study. The French Fries were stored after par-frying for 15, 30 

and 45 mins. French Fries were evaluated for moisture content, fat content, color 

analysis and sensory analysis. The average moisture content after par frying was 60.89%. 

The moisture content of par-fried French Fries stored for 45 days had lower moisture 

content as compared to 0, 1, 15 and 30 days with 30 and 45 days being significantly 

lower. This was due to moisture loss or evaporation of ice crystals from the surface. 

French Fries showed an increase in fat content as storage time increased owing to the 

excess moisture on the surface of the par-fried French Fries. This resulted in a greater 

uptake of fat in the French Fries. No significant difference in color was observed in finish 
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fried French Fries. Results on the sensory evaluation, showed an effect on greasiness and 

fried potato flavor after storage such that day one had the best flavor and was least 

greasy. The overall likeability decreased over time. 

In conclusion, from the data above, good French Fries can be produced using the 

combination of a lower blanching temperature (160°F) with longer blanching time (30-45 

mins). This ensures French Fries that are golden brown in color, have a crispy texture, 

good overall and fried potato flavor as well as being lower in fat content. Adding a 

blanching step to the potato processing improved the texture and color of French Fries. 

Dehydration improves the overall texture. Lower temperature longer time dehydration 

ensures more moisture loss and less oil uptake during frying. During storage moisture 

content reduced over time with higher fat uptake during frying. Longer storage ( 45 days) 

however did compromise flavor and overall likeability of the French Fries. 

Future Recommendations 

1. Dehydration time needs to be increased as both the dehydration 

temperature and time used in this study did help is moisture loss but 

needed to have more moisture loss to yield a better product. 

2. Longer storage study needs to be done to get better knowledge on changes 

during storage. 45 days was maybe less time to see changes in texture and 

color 

3. Further studies analyzing the oxidation of fat during storage can be 

performed to determine the fat stability and acceptability of French Fries. 
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Sensory Analysis Worksheet 
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Panelist No: 

Gender: M F 

Age: 18-25 25-40 

Do you like French fries? YES 

How often do you eat French fries? 
1-2 times in a week ----
Once a week ----
Once a month ----

How do you obtain them? 

40-55 55 and above 

NO 

____ Prepared fresh at home from raw potatoes 
____ Prepared at home from par-fried frozen french fries 

From restaurants 

Please sample several French fries to rate the intensity of the following attributes and 
circle the number, which best expresses it. 

1. Color 

1 2 3 4 5 6 7 8 9 
Colorless Light Yellow Golden Light Brown Brown 

1 2 3 4 5 6 7 8 9 
Colorless Light Yell ow Golden Light Brown Brown 

1 2 3 4 5 6 7 8 9 
Colorless Light Yellow Golden Light Brown Brown 

2. Texture 

1 2 3 4 5 6 7 8 9 

Soggy Moderately Very 
Crispy Crispy 

1 2 3 4 5 6 7 8 9 
--

Moderately Very Soggy 
Crispy Crispy 
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1 2 3 4 5 6 7 8 9 
Soggy Moderately Very 

Crispy Crispy 
3. Greasiness 

1 2 3 4 5 6 7 8 9 
Not greasy Moderately Very 

Greasy Greasy 
1 2 3 4 5 6 7 8 9 

Not greasy Moderately Very 
Greasy Greasy 

1 2 3 4 5 6 7 8 9 
Not greasy Moderately Very 

Greasy Greasy 
4. Fried Potato Flavor 

1 2 3 4 5 6 7 8 9 
Flavorless Moderate Strong 

Flavor Flavor 
1 2 3 4 5 6 7 8 9 

Flavorless Moderate Strong 
Flavor Flavor 

1 2 3 4 5 6 7 8 9 
Flavorless Moderate Strong 

Flavor Flavor 

Dete1mine how much you like and prefer the attributes of the French fry samples. 

1. How do you like the fried flavor? 

1 2 3 4 5 6 7 8 9 
Dislike Moderately Moderately Like 
Extremely Dislike Like Extremely 

1 2 3 4 5 6 7 8 9 
Dislike Moderately Moderately Like 
Extremely Dislike Like Extremely 

1 2 3 4 5 6 7 8 9 
Dislike Moderately Moderately Like 
Extremely Dislike Like Extremely 
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2. Overall Likeability of French Fries 

1 2 3 4 5 6 7 8 9 
Dislike Moderately Moderately Like 
Extremely Dislike Like Extremely 

1 2 3 4 5 6 7 8 9 
Dislike Moderately Moderately Like 
Extremely Dislike Like Extremely 

1 2 3 4 5 6 7 8 9 
Dislike Moderately Moderately Like 
Extremely Dislike Like Extremely 

THANK YOU VERY MUCH 
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APPENDIXC 

Standard Graph for Reducing Sugars 
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APPENDIXD 

Standard Graph for Starch 
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Moisture content after blanching 

Descriptive Statistics 

D ependent Variable:Moisture Content 

Blanchinq temperature Blanchinq Time Mean Std. Deviation N 

160oF 15 minutes 81.2700 .53877 12 

30 minutes 82.2333 .60016 12 

-
45 minutes 82.7675 .49238 12 

Total 82.0903 .82194 36 

170oF 15 minutes 81.9842 .56523 12 

30 minutes 82.2800 .53479 12 

- -
45 minutes 82.5708 .58617 12 

Total 82.2783 .59773 36 

180oF 15 minutes 81.6558 .57608 12 

30 minutes 81.9958 .76257 12 

- 45 minutes 83.1467 1.01845 12 

Total 82.2661 1.01569 36 

Tests of Between-Subjects Effects 

D d V epen ent ariable:Mo1sture C ontent 

Source Type Ill Sum of 

Squares df Mean Square F Siq. 

Corrected Model 31.3368 8 3.917 9.295 .000 

Intercept 729944.234 1 729944.234 1732191.615 .000 

BLANCTEM .797 2 .399 .946 .392 

BLACTIME 25.656 2 12.828 30.441 .000 

BLANCTEM * BLACTIME 4.883 4 1.221 2.897 .026 

Error 41 .719 99 .421 

Total 730017.289 108 

Corrected Total 73.055 107 

a. R Squared = .429 (Adjusted R Squared = .383) 
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Moisture Content after Dehydration 

Tests of Between-Subjects Effects 

Dependent Variable :moisture content 

Source Type Ill Sum 

of Sauares df Mean Square F Siq. 

Corrected Model 425.4798 17 25.028 12.678 .000 

Intercept 1213215.656 1 1213215.656 614558.969 .000 

temp 164.240 2 82.120 41 .598 .000 

time 70.436 2 35.218 17.840 .000 

dehy 127.390 1 127.390 64.530 .000 

temp* time 19.031 4 4.758 2.410 .051 

temp * dehy 8.103 2 4.052 2.052 .131 

time* dehy 18.426 2 9.213 4.667 .010 

temp* time* 17.853 4 4.463 2.261 .064 

dehy 

Error 390.877 198 1.974 

Tota l 1214032.011 216 

Corrected Total 816.355 215 
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Fat Content of Par fried French fries 

Tests of Between-Subjects Effects 

D ependent Variable:fat content 

Source Type Ill Sum of 

Squares df Mean Square F Siq. 

Corrected Model 105.6248 17 6.213 22.347 .000 

Intercept 16597.930 1 16597.930 59696.840 .000 

TE MP 68.869 2 34.435 123.849 .000 

TIME 8.310 2 4.155 14.943 .000 

DEHY 1.963 1 1.963 7.059 .009 

TEMP* TIME 4.843 4 1.211 4 .355 .002 

TEMP* DEHY 4.516 2 2.258 8.120 .000 

TIME* DEHY 2.666 2 1.333 4.794 .009 

TEMP* TIME* DEHY 14.458 4 3.615 13.000 .000 

Error 55.051 198 .278 

Total 16758.605 216 

Corrected Total 160.675 215 

a. R Squared = .657 (Adjusted R Squared= .628) 
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Fat Content of Finish fried French Fries 

Tests of Between-Subjects Effects 

Dependent Variable:final fat content 

Source Type Ill Sum of 

Squares df Mean Square F Sig. 

Corrected Model 249.686a 17 14.687 35.571 .000 

Intercept 56631.650 1 56631.650 137153.150 .000 

TE MP 52.873 2 26.437 64.025 .000 

TIME 23.515 2 11.758 28.475 .000 

DEHY 11.175 1 11.175 27.064 .000 

TEMP* TIME 14.008 4 3.502 8.481 .000 

TEMP* DEHY 4.404 2 2.202 5.333 .006 

TIME* DEHY 45.182 2 22.591 54.711 .000 

TEMP* TIME* DEHY 98.529 4 24.632 59.656 .000 

Error 81.756 198 .413 

Total 56963.091 216 

Corrected Total 331.442 215 

a. R Squared= .753 (Adjusted R Squared= .732) 
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Total Sugars after Blanching 

Descriptive Statistics 

Dependent Variable:total suqars 

blanching temperature blanching time Mean Std. Deviation N 

RAW POTATO raw potato 285.0000 5.22233 12 

-
Total 285.0000 5.22233 12 

160oF 15 mins 265.8333 5.14929 12 

30 mins 257 .5000 5.83874 12 

-
45 mins · 243.7500 5.69090 12 

Total 255.6944 10.70065 36 

170oF 15 mins 256.6667 6.15457 12 

30 mins 248.7500 5.69090 12 

-
45 mins 238.7500 6.78401 12 

Total 248.0556 9.58256 36 
--

180oF 15 mins 245.0000 4.76731 12 

30 mins 233.3333 4.43813 12 

-
45 mins 220.4167 4.98102 12 

Total 232.9167 11.17235 36 

Tota l raw potato 285.0000 5.22233 12 

15 mins 255.8333 10.10657 36 

30 mins 246.5278 11 .39044 36 
-

45 mins 234.3056 11 .65901 36 

Total 249.5000 17.95653 120 
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Tests of Between-Subjects Effects 

D ependent Variable :total suQars 

Source Type Ill Sum of 

Squares df Mean Square F SiQ. 

Corrected Model 35028.333a 9 3892.037 128.117 .000 

Intercept 6866826.923 1 6866826.923 226040.188 .000 

temperat 9676.389 2 4838.194 159.262 .000 

time 8393.056 2 4196.528 138.140 .000 

temperat * time 155.556 4 38.889 1.280 .282 

Error 3341.667 110 30.379 

Total 7508400.000 120 

Corrected Total 38370.000 119 

a. R Squared = .913 (Adjusted R Squared = .906) 

Reducing Sugars after Blanching 

Tests of Between-Subjects Effects 

Dependent Variable:reducinQ suQars 

Source Type Ill Sum of 

Squares df Mean Square F Sig. 

Corrected Model 15571 .875a 9 1730.208 61.271 .000 

Intercept 1603525.785 1 1603525. 785 56784.817 .000 

temperat 336.574 2 168.287 5.959 .003 

time 4594 .907 2 2297.454 81.359 .000 

temperat * time 709 .259 4 177.315 6.279 .000 

Error 3106 .250 110 28.239 

Total 1728725.000 120 

Corrected Total 18678.125 119 

a. R Squared = .834 (Adjusted R Squared = .820) 
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Descriptive Statistics 

D d epen ent Variable:reducing sugars 

blanching temperature blanching time Mean Std. Deviation N 

RAW POTATO raw potato 146.6667 4.43813 12 
--

Total 146.6667 4.43813 12 

160oF 15 mins 128.7500 7.42386 12 

30 mins 117.5000 5.43557 12 
-

45 mins 109.5833 4.98102 12 

Total 118.6111 9.90030 36 

170oF 15 mins 127.0833 4.98102 12 

30 mins 115.4167 5.41812 12 

-
45 mins 105.8333 5.57320 12 

Total 116.1111 10.21981 36 -

180oF 15 mins 117.5000 5.00000 12 

30 mins 115.4167 4.98102 12 

·-
45 mins 110.0000 4.26401 12 

Total 114.3056 5.62555 36 

Total raw potato 146.6667 4.43813 12 

15 mins 124.4444 7.63243 36 

30 mins 116.1111 5.22509 36 
··-

45 mins 108.4722 5.18507 36 

Total 119.3750 12.52833 120 
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Total Starch after Blanching 

Tests of Between-Subjects Effects 

Dependent Variable:starch 

Source Type Ill Sum of 

Squares df Mean Square F Sig . 

Corrected Model 33.221a 9 3.691 13.347 .000 

Intercept 31496.829 1 31496.829 113884.686 .000 

temperat 1.389 2 .694 2.511 .086 

time 4.703 2 2.352 8.502 .000 

temperat * time .212 4 .053 .192 .942 

Error 30.422 110 .277 

Total 34798.065 120 

Corrected Total 63.643 119 

a. R Squared = .522 (Adjusted R Squared= .483) 

Descriptive Statistics 

Dependent Variable :starch 

blanchinq temperature blanching time Mean Std. Deviation N 

RAW POTATO raw potato 18.4342 .63388 12 

- Total 18.4342 .63388 12 

160oF 15 mins 17.3875 .55004 12 

30 mins 16.8242 .50845 12 

-
45 mins 16.8250 .58472 12 

Total 17.0122 .59684 36 

170oF 15 mins 17.0833 .53299 12 

--· 30 mins 16.6917 .49587 12 

--
45 mins 16.6442 .45175 12 

Total 16.8064 .52013 36 

180oF 15 mins 16.9783 .58874 12 

30 mins 16.6675 .44868 12 

- 45 mins 16.5975 .42300 12 

Total 16.7478 .50657 36 
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L' Value of French fries 

Descriptive Statistics 

D ependent Variable:lightness 

Blanching temperature Blanching time Mean Std . Deviation N 

160oF 15 mins 50.2467 2.12887 24 

30 mins 56.5763 3.82222 24 
-

45 mins 56 .8667 3.72372 24 

Total 54.5632 4.48935 72 

170oF 15 mins 55.1988 2.98417 24 

30 mins 57.1208 2.69048 24 
-

45 mins 61 .7867 1.29843 24 

Total 58.0354 3.67904 72 

--
180oF 15 mins 56.0833 2.24437 24 

30 mins 61 .1775 3.41871 24 

--
45 mins 61 .6175 3.79069 24 

Total 59.6261 4.05826 72 

Total 15 mins 53 .8429 3.56013 72 

30 mins 58 .2915 3.89061 72 

- 45 mins 60.0903 3.86868 72 

Total 57.4082 4.58844 216 

Tests of Between-Subjects Effects 

Dependent Variable:liqhtness 

Source Type Ill Sum of 

Squares df Mean Square F Sig . 

Corrected Model 2642.143a 8 330 .268 36.279 .000 

Intercept 711872.519 1 711872 .519 78197.601 .000 

temp 965.274 2 482.637 53.017 .000 

time 1489.324 2 744.662 81 .799 .000 

temp * time 187.545 4 46.886 5.150 .001 

Error 1884.426 207 9.104 

Tota l 716399.088 216 

Corrected Total 4526.569 215 
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Tests of Between-Subjects Effects 

Dependent Variable:lightness 

Source Type Ill Sum of 

Squares df Mean Square F Siq. 

Corrected Model 2642.143a 8 330.268 36.279 .000 

Intercept 711872.519 1 711872.519 78197.601 .000 

temp 965.274 2 482.637 53.017 .000 

time 1489.324 2 744.662 81 .799 .000 

temp * time 187.545 4 46.886 5.150 .001 

Error 1884.426 207 9.104 

Total 716399.088 216 

Corrected Total 4526.569 215 

'a' Value of French Fries 

Descriptive Statistics 

Dependent Variab e:a va ue 

Blanchinq temperature BlanchinQ time Mean Std. Deviation N 

160oF 15 mins 3.0696 .48042 24 

30 mins 2.1558 .45834 24 

-- 45 mins 1.9104 .29728 24 

Total 2.3786 .65093 72 

170oF 15 mins 4.2829 .50847 24 

30 mins 3.5138 .37443 24 

-- 45 mins 1.9963 .25241 24 

Total 3.2643 1.03204 72 

180oF 15 mins 4.1638 1.94526 24 

30 mins 1.4038 .21649 24 

- 45 mins .9825 .53661 24 

Total 2.1833 1.83110 72 
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Tests of Between-Subjects Effects 

D ependent Variable :a value 

Source Type Ill Sum of 

Squares df Mean Square F Siq. 

Corrected Model 274.006a 8 34.251 60.318 .000 

Intercept 1470.005 1 1470.005 2588.763 .000 

temp 47.786 2 23.893 42.077 .000 

time 182.476 2 91.238 160.675 .000 

temp * time 43.745 4 10.936 19.259 .000 

Error 117.543 207 .568 

Total 1861.554 216 

Corrected Total 391.549 215 

a. R Squared = .700 (Adjusted R Squared= .688) 

'b ' Value of French Fries 

Descriptive Statistics 

D d V . bl b epen ent ana e: va ue 

Blanchina temperature Blanchinq time Mean Std. Deviation N 

160oF 15 mins 17.0242 .27816 24 

30 mins 17.6679 .17448 24 

-
45 mins 17.0725 .40754 24 

Total 17.2549 .41909 72 

170oF 15 mins 19.2429 .33350 24 

30 mins 19.3804 .54750 24 

--- 45 mins 18.8654 .28598 24 

Total 19.1629 .45574 72 

180oF 15 mins 19.9958 .26808 24 

30 mins 19.1000 .31448 24 

-
45 mins 18.2567 .36960 24 

Total 19.1175 .78163 72 
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Tests of Between-Subjects Effects 

Dependent Variable:b value 

Source Type Ill Sum of 

Squares df Mean Square F Sig . 

Corrected Model 216 .583a 8 27.073 226 .861 .000 

Intercept 74020.010 1 74020.010 620260.998 .000 

temp 170.692 2 85.346 715.168 .000 

time 21.622 2 10.811 90.593 .000 

temp * time 24.269 4 6.067 50.841 .000 

Error 24.703 207 .119 

Total 74261.295 216 

Corrected Total 241.285 215 

a. R Squared = .898 (Adjusted R Squared = .894) 
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