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ABSTRACT 

WILLIBRORD S. MONGANGA 

EFFECT OF NON HYDROGENATED COTTONSEED OIL ON THE FLAVOR 
QUALITY AND STABILITY OF HIGH OLEIC LOW LINOLENIC CANOLA 

OIL DURING POTATO CHIP PROCESSING 

MAY 2009 

Potato chips fried in high oleic low linolenic canola oil (HOLLCA), non hydrogenated 

cottonseed oil (CSO), and HOLLCA-CSO blends (50-50 and 75-25) were evaluated 

by a sensory panel, before and after a 4 month storage which included 2 months of 

storage under light. Para-Anisidine values (pAV) did not increase significantly during 

storage, whereas the thiobarbituric acid (TBA) values increased significantly during 

storage in chips fried in cottonseed oil and 50-50 HOLLCA-CSO blend. The addition of 

CSO reduced the level of oleic acid from 73.75% to 63.09% (1 :3 ratio) or 47.54% (1: I 

ratio), while increasing e amount oflinoleic acid from 16.3 7% to 25. 7 5% (1 :3 ratio) or 

36.00% (I: I ratio). Sensory evaluation showed that the intensity of fried flavor and off

flavors of potato chips were similar among oils and blends, and remained unchanged 

during storage. The overall likeability of HOLLCA fried chips was significantly 

improved by the addition of non hydrogenated cottonseed oil in I :3 ratio. The flavor 

quality and TBA value of potato chips fried in 75-25 HOLLCA-CSO blend appear to 

fluctuate much less during storage than those of chips fried in 50-50 blend. 
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The addition of CSO to HOLLCA in 1 :3 ratio did not significantly increase TBA value 

and TBA value of the resulting blend did not significantly increase during storage, 

indicating that potato chips fried in 75-25 HOLLCA-CSO blend can sustain a 

longer storage than those fried in cottonseed oil, without showing signs of flavor 

deterioration. 
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CHAPTER I 

INTRODUCTION 

Canola oil is the most healthful edible oil available on the market due to its low level 

of saturated fat, particularly palmitic acid (3.4%), a cholesterol-raising fatty acid linked to 

to increased risk of Coronary Heart Disease, as well as its high level of polyunsaturated 

fatty acids, namely linoleic acid (20.1 % ) and linolenic acid (9 .6%) essential fatty acids 

also known for their ability to lower LDL and total cholesterol (Eskin et al., 1996; Liu et 

al., 2002). Standard canola oil cannot however be used in commercial application due to 

its high linolenic acid content, unless its fatty acid composition is modified. The large 

amount of linolenic acid in canola oil limits greatly its resistance to oxidation and heat, 

even though canola oil contains a significant amount of natural antioxidants, particularly 

gamma-tocopherols ( 423 .2mg/kg). Some of the sulfur components of canola oil have also 

been reportedly acting as antioxidants, protecting the oil from autoxidation by 

complexing hydroperoxy radicals with sulfur (Eskin et al., 1996). Hydrogenation has 

been used in the past to reduce the amount of linolenic acid and increase the oxidative 

stability of standard canola oil. 
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Unfortunately, it has been determined that partial hydrogenation of vegetable oils is 

the main source of trans fatty acids in fried or processed foods, and that high trans fatty 

acids intakes increase the level of LDL cholesterol in the bloodstream, as well as the 

the blood levels of Total cholesterol, lipoprotein (a), and triglycerides, while decreasing 

the levels of HDL Cholesterol, increasing therefore the risk of arteriosclerosis and CHD. 

The adverse effect of trans fatty acids is stronger than that of saturated fat, considering 

the fact that saturated fatty acids have no significant impact on HDL Cholesterol, raising 

therefore the LDL/HDL cholesterol ratio less significantly than trans fats (Ascherio et al., 

1999). Other studies have also linked trans fatty acids intakes with an increased risk of 

diabetes type 2 (Salmerion et al., 2001 ) 

Several alternatives to hydrogenation, including blending with less polyunsaturated 

oils, chemical or enzymatic interesterification, traditional plant breeding, recombinant 

DNA techniques, induced mutagenesis, gene silencing, are increasingly being used to 

modify the fatty acid composition of vegetable oils and increase their oxidative resistance 

without increasing the level of cholesterol-raising saturated and trans fatty acids. Gene 

silencing technology or mutagenesis was combined with traditional breading method 

to block the desaturation of oleic acid to linoleic acid in canola oilseeds, and create a 

variety of high oleic canola oil plants, which was later bred with low linolenic canola 

varieties to produce high oleic low linolenic canola oilseeds. These plants are capable 

of producing a modified canola oil with increased oxidative stability, containing about 

73% oleic acid, and only 1.7-4% linolenic acid (Food Biotechnology, 2001). 
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Several studies have shown that the oxidative stability of canola oils can be 

greatly improved by reducing the level of linolenic acid, considering the fact that 

polyunsaturated fatty acids with multiple double bonds are more susceptible to oxygen 

attack during frying and storage, and that the oxidation of a large amount of linolenic acid 

often leads to the development of a fishy flavor (Warner et al., 1994). 

It has also been reported that increasing the oleic acid content to very high levels does 

indeed produce good oxidative stability. A study conducted by Warner and coworkers on 

the effect of frying oil composition on potato chip stability found that modified canola oil 

with the highest oleic acid level (78%) had the lowest content of total polar compounds 

and the lowest total volatile compounds at most of the storage times (Warner et al., 

1994 ). Another study by Warner and Gupta on potato chip quality and frying oil stability 

of high oleic acid soybean oil (HOSO) found that potato hips fried in high-oleic soybean 

oil (85.1 % C18:1) had the lowest amount ofhexanal developed during a 7-week storage, 

compared to potato chips fried in low linolenic acid soybean oil LLSO (26.15 C 18: 1 ), the 

50-50 HOSO-LLSO blend (55.5% C18:1), and cottonseed oil (17.7% Cl8:1), indicating a 

very high oxidative stability during storage. The study also found however that potato 

chips fried in HOSO had significantly higher fishy flavor intensity than potato chips fried 

in the other oils and attributed this result to the presence of linolenic acid in amounts 

larger than linoleic acid (Warner & Gupta, 2005). The oxidative stability of high oleic 

low linolenic acid canola oil is further enhanced by the large amount of gamma

tocopherols and sulfur compounds. High oleic low linolenic (HOLL) canola oil 

provides consumers with one of the healthiest frying media present on the market. 
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Not only does it contains the lowest amounts of saturated fat, it also contains a large 

amount of oleic acid, a fatty acid that helps to maintain good levels of healthy HDL

cholesterol (Food Biotechnology, 2001; Liu et al., 2002). However, the low level of 

linoleic acid (15%) suggests that foods fried in high oleic low linolenic canola oil have 

insignificant fried flavor. It has been reported that t,t-2,4-decadienal, the unsaturated 

aldehyde that imparts the desirable fried flavor to fried products, originates from the 

oxidation of linoleic acid. Warner and coworkers have found that modified/blended 

canola oil with 20% linoleic acid and only 3% linolenic acid had the higher flavor quality 

and stability more often than any other oils (Pangloli et al., 2002; Warner et al., 1994; 

Warner, 2002). The high oleic acid content (73%) of High oleic low linolenic canola 

oil also suggests that products fried in this oil can be expected to develop a waxy off

flavor that will negatively impact their quality. Warner and coworkers found that oleic 

acid contributed to a waxy off-flavor that negatively affected potato chip quality, 

although increasing oleic acid levels led to an increase of frying stability (Warner et al., 

1994). The study found that potato chips with the best flavor stability were fried in a 

modified blended oil with 68% oleic acid, 20% linoleic acid, and 3% linolenic acid 

(Warner et al., 1994). It has also been reported that the fruity and plastic off-odors, which 

are predominant in olfactometry analyses of heated high oleic oils, can be attributed 

primarily to heptanal, octanal, nonanal, and 2-decenal (Warner, 2002). 
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Based on these observations, it is possible to believe that adding a non hydrogenated 

oil such as cottonseed oil (0-1 % linolenic acid, 55-58% linoleic acid and 25% oleic acid), 

will significantly increase the level of linoleic acid, decrease the oleic acid content, and 

therefore significantly improve the fried flavor of fried products while reducing the 

intensity of waxy off-flavors. It is worth mentioning that lipids are the least stable macro

organisms in foods. Unsaturated fatty acids are the only substances that, even at 

physiological conditions, are rapidly degraded by non-enzymatic reaction to a great 

number of volatile compounds which, in part, exhibit very low odor and taste threshold. 

They are highly susceptible to oxidation resulting in the development of off-odors and 

off-flavors. When this occurs, the food becomes unacceptable and is rejected by the 

consumers (Eskin & Przybylski, 2001; Grosch, 1982) 

Cottonseed oil is one of the few edible oils that has an inherited stability, due to 

its low linolenic acid contents (1-2%) and the high level of saturated fat (27%), which 

allows it to maintain a high resistance to oxidative degradation. Its natural resistance to 

oxidative rancidity is further enhanced by the significant amount gamma-tocopherols 

(313-572 mg/kg), and the synergetic effect of its phospholipids on tocopherols (Eskin et 

al., 1996; King et al., 2003; O'Brien, 2002). Non hydrogenated refined and bleached 

RBD cottonseed oil can withstand AOM abuse for 8-20 hours and is used as cooking oil. 

Studies conducted on the stability of heated vegetable oils have found that cottonseed oil 

produces less room odor than many vegetable oils, including soybean oil, low erucic acid 

rapeseed and sunflower oils (King & Camire, 1989). 
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Other studies have concluded that cottonseed oil loses less tocopherols during deep-fat 

frying than other liquid oils. A study conducted to measure the loss of tocopherols (alpha 

and beta) and added TBHQ in peanut and cottonseed oils during frying found that 

cottonseed oil was able to retain its tocopherols and TBHQ after a 120 h frying period, 

while peanut oil lost about half of its antioxidants (King et al., 2003). Studies have 

also found that cottonseed oil has an excellent flavor, compared to other vegetable oils, 

due to the high level of linoleic acid. Cottonseed oil is considered to be the standard for 

the flavor quality of fried products. It is the most frequently used oil for frying potato 

chips. A study conducted by Blumenthal and coworkers on the strength or intensity and 

pleasantness of odors and flavors of several vegetable oils found that cottonseed oil was 

ranked second behind com oil (King et al., 2003). Unfortunately, non hydrogenated 

refined and bleached cottonseed oil contains still a very high level (24.4%) of palmitic 

acid, a known LD L-cholesterol raising saturated fatty acid associated with increased risk 

of atherosclerosis and cardiovascular disease (Liu et al., 2002; Stier et al., 2002). 

Purpose of the Study 

The purpose of the study is to determine whether adding non hydrogenated 

cottonseed oil to high oleic low linolenic canola oil (HOLLCA) increases the level of 

linoleic acid enough and reduces the oleic acid content of the oil enough to generate an 

improvement of the flavor quality and stability of fried potato chips that can be detected 

by untrained but experienced panelists. 
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The study intends also to determine the optimum amount of non hydrogenated cottonseed 

oil that can be added to high oleic low linolenic canola oil (HOLLCA) to improve 

the flavor quality and stability of the oil without significantly undermining its excellent 

oxidative stability. 

Objectives 

1. To determine and compare the flavor quality of potato chips fried in fresh 

HOLLCA, cottonseed oil (CSO), 75-25 and 50-50 HOLLCA-CSO blends. 

2. To determine and compare the stability of potato chips' flavor after 4 months of 

storage under ambient light conditions. 

3. To determine and compare the extent of lipid oxidation of HOLLCA, non 

hydrogenated CSO, 75-25 and 50-50 HOLLCA-CSO blends extracted from fried 

fried potato chips after 4 months of storage under ambient light conditions 

simulating supermarket storage conditions. 

Null Hypotheses 

1. There is no significant difference in the fried flavor of potato chips cooked in 

High oleic low linolenic canola (HOLLCA) oil and HOLL blended with non 

hydrogenated cottonseed oil. 

2. There is no significant difference in the flavor quality of potato chips fried in 

High oleic low linolenic canola (HOLLCA) oil and HOLL blended with non 

hydrogenated cottonseed oil. 
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3. There is no significant difference in the flavor stability of potato chips fried in 

High oleic low linolenic canola (HOLLCA) oil and HOLLCA blended with 

non hydrogenated cottonseed oil after 4 months of ambient storage. 

4. There is no significant difference in the oxidative stability of high oleic low 

linolenic canola oil (HOLLCA) and HOLLCA blended with non hydrogenated 

cottonseed during ambient storage. 
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CHAPTER II 

LITERATURE REVIEW 

Canola and High Oleic Low Linolenic Canola Oils 

Development of High 0/eic Low Linolenic Cano/a Oil 

High oleic low linolenic acid canola oil plants were developed through a combination 

of induced mutagenesis to achieve a high oleic acid trait and traditional breeding to 

achieve the low linolenic acid trait. The genes which code for oleic acid desaturases 

( oleoyl-phosphatidylcholine desaturase or fad2, and the fad6 desaturases, the enzymes 

responsible for converting oleic acid into linoleic acid in embryos, were subjected to an 

induced mutation. The encoding for oleic acid desaturase was therefore inhibited and as a 

result, oleic acid could not be desaturated and converted into other fatty acids, primarily 

linoleic acid. (Eskin et al., 1996; Food Biotechnology, 2001; Mollers, 2004). 

The mutation led to a reduction in the activity of oleic acid desaturases in canola plants 

carrying the mutated genes, and consequently to the production of canola oil high in oleic 

acid. Chemically induced mutants were able to increase oleic acid contents up to 80% 

(Mollers, 2004). These high oleic acid canola plants were later breaded with low linolenic 

acid canola varieties to produce canola plants both high in oleic acid and low in linolenic 

acid. 
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Chemical Composition and Health Effects 

The genetic modification of the rapeseed varieties to canola has resulted in a 

substantial reduction in erucic acid, a significant increase in oleic acid, a less significant 

increase in linoleic and linolenic acid (O'Brien, 2000). Consequently, the fatty acid 

composition of typical canola oil is made of approximately 62-64% MUF A, 21. 7% 

linoleic acid, 9.3% linolenic acid, and 6.3% of saturated fatty acids, particularly palmitic 

acid, which accounts for 3.5% of the total fatty acids in the oil. Other saturated fatty acids 

found in canola oil include stearic acid (1.5%), arachidic acid (0.6%), behenic acid 

(0.3%), and myristic acid (0.1 %; Eskin et al., 1996; O'Brien, 2000). 

Cano la oil contains also a variety of minor fatty acids, most of whom differ from the 

usual fatty acids by the location of the double bond. Most minor fatty acids in canola and 

rapeseed oil belong to the n-7 series of monoethylenic fatty acids. Other minor fatty acids 

include C14:1 n-5, C16:1 n-5, Cl 7:1 n-8 and Cl5:1 n-10 (Ratnayake & Daun, 2004). 

Other components of canola oil include phospholipids, glycolipids, tocopherols, 

sterols, including brassicasterol, cholesterol, sitosterol, stimasterol, pigments such as 

cholesterol, carotenoids, and trace elements, including copper, sulfur, and sulfur 

containing compounds (Eskin et al., 1996; Ratnayake & Daun, 2004). Several studies 

have found canola oil (61.9% MUFA) as effective in lowering total cholesterol, LDL 

cholesterol, and apolipoprotein Bin normolidemic individuals as com oil (60.7% PUFA), 

soybean oil (60.4% PUFA), sunflower oil (68.8% PUFA), and other oils containing high 

levels of PUF A. 
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Several studies have found canola oil (61.9% MUFA) as effective in lowering total 

cholesterol, LDL cholesterol, and apolipoprotein B in normolidemic individuals as corn 

oil (60.7% PUFA), soybean oil (60.4% PUFA), sunflower oil (68.8% PUFA), and other 

oils containing high levels of PUF A. Cano la oil has also been found to be effective in 

reducing total and LDL cholesterol levels in individuals with high blood lipid levels. 

The decline in plasma total cholesterol when canola oil or corn oil provide 20% of the 

total energy is -12 and -13%, respectively, which is significantly greater than the decline 

occurring when olive oil (-7%) is used as fat supplier (Eskin et al., 1996). 

This phenomenon results from the high level of oleic acid (60.1 - 74 %) and the 

significant amount oflinoleic acid (7 .8 - 27.1 %; Eskin et al., 1996). It has been 

reported that linoleic acid (n6 PUF A) lowers plasma cholesterol by increasing fecal 

bile acid secretion, decreasing hepatic VLDL synthesis, and or altering VLDL, IDL and 

LDL lipoprotein composition, thereby influencing the metabolism of these circulating 

particles (Bruckner, 2008). Other studies have found that monounsaturated fatty acids 

(MUF A) such as oleic acid were as hypocholesterolemic as linoleic acid and that oleic 

acid actually increase HDL while lowering LDL (Bruckner, 2008). 

There is evidence also that canola oil may impede platelet aggregation and therefore 

reduce the incidence of coronary attack or stroke in many individuals, by modifying the 

long-chain polyunsaturated fatty acid composition of platelet phospholipids, while 

increasing the levels of long-chain n-3 fatty acids. 
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It has been reported that long chain n-3 fatty acids, namely eicosapentaenoic acid and 

docosahexaenoic acid, inhibit platelet aggregation ( Eskin et al., 1996). A study 

conducted by McDonald and co-workers found that canola oil, as well as sunflower oil, 

increase prostacyclin, an antiaggregating eicosanoid, and decrease thromboxane 

production, a proaggregating eicosanoid (Eskin et al., 1996). 

The typical fatty acid composition of high oleic low linolenic acid canola oil 

( HOLLCA) is 3.6% palmitic acid, 0.7 % aracidic acid, 2% stearic acid, 73 - 74.8% 

oleic acid (Przybbylski & Normand, 1999). HOLLCA contains also 12 - 15% 

linoleic acid and< 3% linolenic acid, two essential fatty acids involved in multiple 

physiological reactions, including human growth, maintenance of skin, hair growth, 

blood clotting, immune response, maintenance of reproductive performance, regulation of 

cholesterol metabolism, brain and retinal activities (Eskin et al., 1996; Jones & Kubow, 

1999; Przybbylski & Normand, 1999). It contains about 8.0% saturated fatty acids 

and 15.1 % polyunsaturates (Przybylski & Normand, 1999). Compared to olive 

oil, HOLLCA contains more oleic acid, a cholesterol-neutral fatty acid, and only half the 

saturated fatty acid content (Orthoefer, 2005). 

Cano la oils contain a variety of minor fatty acids most of whom differ from the usual 

fatty acids by the location of the double bonds. Most minor fatty acids in regular canola 

oil and rapeseed oil belong to the n-7 series of monoethylenic fatty acids. Other minor 

fatty acids include C14:1 n-5, C15:ln-10, C16:1 n-5, and C17:1 n-8 (Ratnayake & Daun, 

2004). 
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Other components of canola oils include phospholipids, glycolipids, sterols 

including brassicasterol, cholesterol, sitosterol, stimasterol, tocopherols, and pigments 

such as chlorophyll, carotenoids, and trace metal elements including copper, sulfur and 

sulfur containing compounds (Eskin et al., 1996; Ratnayake & Daun, 2004). Carotenes 

are heat sensitive and readily adsorbed by earth agents used as adsorbents during the 

bleaching process (O'Brien, 2002). 

Oxidative Stability 

During frying and subsequent storage, a frying oil is subjected to hydrolysis, 

autoxidation and, photoxidation, if stored in a container that does not protect against 

light. While the food is being fried in the presence of air, oil is exposed to oxygen from 

the atmosphere, moisture and steam from the food and heat, it undergoes autoxidation, 

accelerated by the relatively high temperature, as a quantum of energy from heat or light 

catalyzes the removal of hydrogen atom on a carbon adjacent to a double bond of 

unsaturated fatty acids. The removal of hydrogen atom can also result from the action of 

trace metals or enzymes known as lipoxygenases. It leads to the formation of unstable 

and very reactive free radicals R * (induction stage) and activated peroxide ROO*, after a 

reaction of the free radicals R * with atmospheric oxygen. The peroxy free radical ROO* 

can either break down to form key off-flavor components, principally short-chained 

aldehydes and ketones, or catalyze the removal of another hydrogen atom adjacent to a 

double bond and form a hydroperoxide ROOH. as well as another free radical R *. 
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The free radical formed R * will react with atmospheric oxygen to form another peroxy 

free radical ROO* and sustain a self-propagating oxidation mechanism. The reactive 

hydroperoxide ROOH will in tum break down, release another free radical RO*, the 

precursor to the formation of many different aldehydes, ketones, and alcohols responsible 

for the actual flavors and odors associated with oxidized fats and oils (White, 2000). 

The rate of oxidation during frying is increased, considering that the primary products of 

oxidation (hydroperoxides) decompose rapidly at 190 °C (374 °F) into secondary 

oxidation products such as aldehydes and ketones. 

Simultaneously, the triacylglycerol molecules are being hydrolyzed and split at the 

ester linkage by moisture and steam to yield monoglycerides, diglycerides, and 

eventually free fatty acids and glycerol. The free fatty acids released have a distinct 

flavor and odor, which are more disagreeable when the fatty acid chain is shorter than 14 

carbons (O'Brien, 2002). It is also reported that free fatty acids in any fat can act as 

prooxidants and catalyze additional reactions that lead to flavor changes, apparently by 

the prooxidant effect of its carboxylic group, which accelerates the rate of decomposition 

of hydroperoxides (White, 2000). 

Autoxidation of the absorbed oil during storage at room temperatures (77 ° F) proceeds 

by the same self-propagating free radical mechanism as during frying at 377 °F, except 

that the unstable primary products of oxidation, hydroperoxides, decompose less rapidly 

into aldehydes, ketones and ketones (Warner, 2002). 
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However, another self-propagating oxidation mechanism also occurs during storage, if 

the oil is exposed to light and stored in a packaging material that does not protect from 

light, as energy (hv) from light is transferred by chlorophylls and other photosensitizers 

present to unsaturated fatty acids or to the ground state oxygen, converting them into 

more reactive compounds, namely substrate radicals (type I photooxidation), or singlet 

oxygen ( type II photooxidation; Eskin & Przybylski, 2001 ). The singlet oxygen formed 

will ultimately react with a fatty acid substrate to produce substrate radicals, and 

ultimately generate a self-propagating oxidation more detrimental to oil quality than the 

free-radical oxidation. 

The resistance of oil to oxidative degradation depends primarily on the level of 

unsaturation, the amount of oxygen present, the presence of natural antioxidants, 

(tocopherols) as well as added antioxidants, on the presence of prooxidants such as 

chlorophylls and its derivative products, trace elements, the level of stress during frying 

and subsequent storage. Several studies examining the storage stability of canola oil 

under modified Schaal oven tests conditions ( 60-65°C in the dark) found typical off

flavor and odor induction periods of 2-4 days, despite differences in processing 

conditions, presence of antioxidants, surface area to volume ratios used during the storage 

of the oils, and sensory methods used to evaluate the quality of the stored oils (Eskin et 

al., 1996). 

15 



Other studies found canola and sunflower oil to be less stable to accelerated 

storage conditions than soybean oil, after it was found that the peroxide values of canola 

and sunflower oils without added citric acid had induction periods of 1 day, compared to 

a 5-day induction period for soybean oil (Malcomson et al., 1994). A study conducted by 

Ha wry sh, Erin, Kim, and Hardin ( 1996) to evaluate the stability of canola oils stored in 

clear bottles in the bsence of light at 24 °C (75.2 °F) found the flavor of the oils 

unchanged and the PV low. This observation led Malcomson and co-workers to 

speculate that canola oil with a sensory induction period of 2-4 days at 60-65 °C may be 

expected to retain a good flavor and odor quality for at least 16 weeks at ambient 

temperatures (Malcomson et al., 1994). The odor intensity of standard canola oil heated 

or fried in a room odor facility for 1 hour has been found to be significantly stronger than 

those of modified canola oils (Warner & Mounts, 1993). Standard canola oil has also 

been found to have much stronger off-odors when heated than modified canola oils. 

These off-odors were predominantly fishy or acrid. It has been determined that these 

odors are typical odors formed during high-temperature heating of any linolenic 

containing oils, as the fishy odor becomes less evident when the linolenic acid content is 

decreased (Warner & Mounts, 1993). The low linolenic acid canola oil was rightly found 

to have low levels of fishy odor intensity (0.5-1.2) at all evaluation times (Warner & 

Mounts, 1993). Other odors identified by panelists included rubbery, smoky and burnt 

odors. 
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The oxidative stability of high oleic low linolenic canola oil is enhanced by the low 

level of linolenic acid ( 1-3 % ). A study comparing the storage stability of tortilla chips 

fried in canola (9.9% C18:3), partially hydrogenated canola (PHC; 1.2% C18:3), low 

linolenic canola (LLC; 3.4% C18:3), com and soybean (PHS) oils found, based on the 

peroxide and anisidine values of oils extracted from the tortilla chips stored for 8 weeks 

at 60°C, that oils with low linolenic acid content, PHC and PHS, are more stable than the 

others (Eskin et al., 1996). Another study conducted by Przybylski and colleagues found 

that a low-linolenic acid canola oil (3.1 % Cl8:3) had negligible changes in PV and TBA, 

and no changes in the overall odor intensity or pleasantness over 12 days of storage, 

compared to regular canola oil ( 11.5% Cl 8:3). The study concluded that the stability of 

canola oil can be significantly improved by reducing the linolenic acid content of the oil 

(Eskin et al., 1996). Another study conducted by Przybylski and coworkers found that a 

low-linolenic acid canola oil (3.1 % C 18:3) had negligible changes in PV and TBA, and 

no changes in the overall odor intensity or pleasantness over 12 days of storage, 

compared to regular canola oil (11.5% Cl 8:3), and concluded that the stability of canola 

oil can be significantly improved by reducing the linolenic acid content of the oil (Eskin 

et al, 1996). The oxidative stability of High Oleic Low Linolenic canola (HOLLCA) oil is 

further enhanced by the high level of oleic acid (73-74.8%), the large amount of D

tocopherols and sulfur compounds (Przybylski & Normand, 1999). 
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It has also been reported that increasing the oleic acid content to very high levels does 

indeed produce good oxidative stability. A study conducted by Warner on the effect of 

frying oil composition on potato chip stability found that modified canola oil with the 

highest oleic acid level (78%) had the lowest content of total polar compounds and the 

lowest total volatiles compounds at most of the storage times (Warner et al., 1994; 

Warner & Gupta, 2005). Another study by Warner and Gupta on potato chip quality and 

frying oil stability of High oleic Acid soybean oil (HOSO) found that potato chips fried 

in high oleic soybean oil (85.1 % Cl 8: 1) had the lowest amount of hexanal developed 

during a 7-week storage, compared to potato chips fried in low linolenic acid soybean oil 

LLSO (26.15 C18:1), the 50-50 HOSO-LLSO blend (55.5% C18:1), and cottonseed oil 

( 17. 7% C 18: 1 ), indicating a very high oxidative stability during storage. A study on the 

storage stability of potato chips fried in genetically modified canola oils conducted by 

Petukhov, Malcomson, Przybylski, and Armstrong (1999) found however that potato 

chips fried in high oleic canola oil (HOCA) accumulate peroxides at a significantly lower 

rate than chips fried in regular canola oil. The study found that oil extracted after 16 days 

of storage from potato chips fried in HOCA had lower peroxide values free fatty acids 

and polar compounds accumulated than oil extracted after 16 days of storage from potato 

chips fried in low linolenic acid canola oil, and even lower than oil extracted from potato 

chips fried in regular canola oil after the same length of storage, indicating that frying oils 

with high oleic acid content are more stable during storage than those with high or low 

linolenic acid content (Petukhov et al., 1999). 
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It has been reported that HOLL loses 50% of its tocopherols after about 45 hours of 

frying, while High Oleic Cano la oil loses almost all of its tocopherols and regular canola 

oil loses only about 30% after such frying (Przybylsk & Normand, 1999). 

Carotenoids present act also as antioxidants at low concentrations. r?>-carotenes 

and lycopenes in particular are effective at quenching singlet oxygen (White, 2000). 

Carotenes are heat sensitive and readily adsorbed by earth agents used during the 

bleaching process (O'Brien, 2002). Oils become susceptible to oxygen attacks only 

after antioxidants naturally present or added are depleted. The high level of a-tocopherol 

as well as the n-2 position of linolenic acid within the triglyceride molecules are the 

main reason behind the relatively high oxidative stability of canola oil, comparatively to 

other linolenic oils such as soybean oil (Eskin et al., 1996). 

The stability of canola oil to photochemical oxidation was reportedly evaluated by 

Sattar and coworkers who exposed commercially, refined, bleached oils with no additives 

to fluorescent light of 5382 lux (500ft-c) at 77 °F (Malcomson & Vaisey-Genser, 2008). 

Canola oil was found to be more sensitive to light than com oil, but less sensitive than 

soybean and coconut oils. It is reported that Warner exposed canola, soybean, and 

sunflower oil without citric acid to fluorescent light at 7535 lux (700 ft-c) for 8-16 hours 

and found no difference in the storage stability between canola and soybean oils 

(Hawrysh, et al., 1996). Chlorophylls occurring naturally in canola and soybean oils are 

serious photosensitizers that promote photoxidation in the presence of light. 
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Flavor Quality and Stability 

Fully refined and deodorized canola oil is described as bland and slightly buttery when 

fresh. Its flavor stability is however limited by the significant amount of unsaturated fatty 

acids, proxidants such as chlorophylls, and trace elements. 

It has been reported that the heating of oils in the absence of food increases the speed 

of autoxidation. When the temperature of the reaction medium is relatively low 

(below 100 ° C), the rate of formation of hydropreoxides is higher than that of their 

decomposition. Therefore, only monomers of triglycerides are formed, mainly monomers 

of triglycerides with one or more acyl chains. At higher temperatures, all autoxidation 

reactions speed up, and the amount of altered compounds formed, mostly secondary 

oxidation products ( aldehydes, alkenes, ketones, alcohols), depends on the heating time. 

At temperatures close to 200 ° C, decomposition of hydroperoxides, along with other 

reactions of these primary oxidation products, proceed at a faster rate than their 

decomposition. Consequently, the major compounds generated are dimers and polymers 

of triglycerides. Thermal alteration is also responsible for the formation of cyclic 

compounds (Sanchez et al., 2008). Heated and oxidized canola oils have been reported to 

develop off-flavors described as grassy, sulfur, fishy, painty, and rancid (Eskin, et al., 

1996). The fishy flavor is linked to the oxidation of linolenic acid. A study conducted by 

Warner and coworkers on the effects of frying oil composition on potato chips stability 

found that the fishy flavor intensity of potato chips increases as the linolenic acid content 

of canola oils increases above 3%. 

20 



To minimize the fishy flavor, the study suggested that a maximum of 3% linolenic acid 

be considered. The same study also found that potato chips fried in a modified canola oil 

with 68% oleic acid, 20% linoleic acid and 3% linolenic acid had higher flavor quality 

and stability more often than those fried in other canola oils. It was determined that oleic 

acid contributed to a waxy off-flavor that negatively affected potato chip quality, even 

though increasing oleic acid increased the frying stability (Warner et al., 1994). 

Cottonseed Oil 

Chemical Composition and Health Effects 

The fatty acid composition of cottonseed oil is typical of oleic-linoleic vegetable oils, 

the two unsaturated fatty acids representing almost 75% of the total fatty acid content. 

Linoleic acid makes up 52% of the total fatty acids, oleic acid making 22%, and 

linolenic acid less than 1 % of the total fatty acid content. The remaining portion of the 

fatty acid profile is made of palmitic acid (24% ), as well as traces of myristic and stearic 

acids (King et al., 2003; O'Brien, 2002). The specific fatty acid profile of the 

triglycerides in cottonseed oil depends on the variety of the cotton, the growing 

conditions (temperatures, rainfall), and the analytical method used to determine the fatty 

acid profile (King et al., 2003). Most triglycerides in cottonseed oil contain some 

combinations of linoleic, oleic and palmitic acids, given that these three fatty acids 

account for more than 90% of the total fatty acids in this oil. The predominant type is 

SLL, with saturated fatty acids in position 1, linoleic acid in positions 2, and 3 Other 

types include SOS, SOO, SLS, SOL, SLO, OOL, and LLL (King et al., 2003). 
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Cottonseed oil contains about 600-710 ppm a-tocopherols, and 240-270 0-

tocopherols, nonglyceride compounds with strong antioxidant activity at concentration 

below 2000 ppm. Other nonglyceride components of the crude cottonseed oil include 

gossypol and the chemically related compounds, phospholipids, sterols, trace metals, 

resins, carbohydrates and pigments (King et al., 2003; O'Brien, 2002). 

Gossypol is a biologically active terpenoid substance present in discrete glands in many 

parts of the cotton plant, including the seed kernel. It is responsible for the strong red to 

brown color typical of the crude oil, along with other chemically related compounds 

(King et al., 2003; O'Brien, 2002). The crude cottonseed oil contain about 0.7-0.9% 

phospholipids, which act as emulsifiers and have a synergetic effect on the inhibition of 

oil oxidation by tocopherols. Cottonseed oil contains a significant amount of linoleic acid 

(54%), an essential fatty acid with hypocholesterolemic effect. Recent studies have 

shown that linoleic acid (n6 PUF A) lowers plasma cholesterol by increasing fecal bile 

acid secretion, decreasing hepatic VLDL synthesis, and or altering VLDL, IDL and LDL 

lipoprotein composition, thereby influencing the metabolism of these circulating particles 

(Bruckner, 2008). Linoleic acid is also actively involved in human growth, 

maintenance of skin, hair growth, maintenance of reproductive performance, as well as 

regulation of cholesterol metabolism. Linoleic acid is specifically required in the skin to 

maintain the integrity of the epidermal water barrier (Jones & Kubow, 1999). 
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Moreover, linoleic acid is the precursor of eicosanoids, including prostaglandin and 

thromboxane, hormone-like compounds with action on kidneys, lungs, thymus, uterus, 

ovary, placenta, seminal vesicles, reproductive function, blood pressure regulation, and 

immune response. Deficiencies in humans can cause a reddened skin, increased 

susceptibility to dehydration and infection. Cottonseed oil contains also a large amount of 

palmitic acid (22.5%), a saturated fatty acid with the undesirable property of raising 

serum LDL-cholesterol and increasing the risk of CHO. 

Oxidative Stability 

The low linolenic acid(< 1%) content enables refined cottonseed oil to maintain a 

high oxidative stability without undergoing hydrogenation. Its resistance to oxidative 

degradation is further enhanced by its high saturated fatty acid content (24-30.4%), 

the level of naturally occurring antioxidants, manly tocopherols (870-950 ppm) and the 

level of singlet oxygen quenchers such as carotenoids, as well as by the synergetic 

effect of phospholipids present on the antioxidative action of tocopherols (King et al., 

2003; O'Brien, 2002). An estimation of the inherent stability of common oils based 

on the IV from their oleic, linoleic, and linolenic acid contents, the decimal fractions 

of these fatty acids multiplied by their relative rate of oxidation indicate that 

cottonseed oil, with a calculated IV of 110 and an inherent stability of 5 .4, is in the 

midrange between the stable, more saturated fats ( coconut, palm kernel, tallow, palm, 

olive, lard) and the reactive, less stable, highly polyunsaturated oils (low-erucic acid 

rapeseed, com, sunflower, soybean, safflower; Eskin et al., 1996). 
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The low level of photosensitizers, chlorophylls in particular, enables cottonseed oil to 

resist photoxidative degradation during storage better than other edible oils. 

The low level of photosensitizers, chlorophylls in particular, enables cottonseed oil to 

resist photoxidative degradation during storage better than other edible oils. A study 

designed to evaluate the frying stability of cottonseed, soybean, low erucic acid rapeseed, 

sunflower and high-oleic sunflower oils found that cottonseed and high-oleic sunflower 

oils produce less room odor when heated than the others (King & Camire, 1989). It has 

also been reported that cottonseed oil loses less tocopherols during deep-fat frying than 

other liquid oils, which leads to the conclusion that cottonseed oil maintain a higher 

oxidative stability during frying than other linoleic oils. (King et al., 2003). 

Flavor Quality and Stability 

Cottonseed oil has a bland, slightly nutty/buttery taste, which is 8 on the AOCS Flavor 

Quality Scale (King & Jones, 1996). It is often used en used as the standard against 

which other oils are compared for odor and flavor ( Eskin et al., 1996). 

A study conducted by Blumenthal and his colleagues on the intensity, the pleasantness of 

the odor and flavor of cottonseed, com, peanut, and soybean oils found that cottonseed 

oil has a flavor and odor more pleasant than peanut and soybean oils. Com oil had the 

highest score for pleasantness, but the lowest for the intensity of both its flavor and its 

odor (King et al., 2003). The score for flavor pleasantness of cottonseed oil was 

found to be nearly the double of that of hydrogenated soybean oil with an iodine value of 

115 (King et al., 2003). 
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The flavor pleasantness of cottonseed oil is associated with its high linoleic acid content 

(54%). Several studies have particularly determined that the aldehyde most responsible f 

or the pleasant deep fried flavor of food, namely t,t-2,4-decadienal, originates from the 

oxidation of linoleic acid (Melton et al., 1993). A study conducted by Robertson and 

coworkers on the flavor stability of potato chips fried in cottonseed, sunflower and palm 

oils found that cottonseed and sunflower fried chips have better flavor after 8 weeks of 

storage than palm fried chips. At 10 weeks of storage, all chips had poor flavor, but 

cottonseed oil chips received the smallest percentage of rancid and off-flavor responses 

(Robertson et al., 1978). 

Shelf Life Stability Of Fried Products 

Chemical Reactions During Frying 

Fried foods absorb appreciable amounts of a frying medium that is not fresh, but has 

been more or less degraded after undergoing a series of chemical reactions during frying. 

As the food is being fried in the presence of air, oil is exposed to oxygen from the 

atmosphere, moisture and steam from the food and heat. It undergoes autoxidation, 

accelerated by the relatively high temperature, as a quantum of energy from heat or light 

catalyzes the removal of hydrogen atom on a carbon adjacent to a double bond of 

unsaturated fatty acids. The removal of hydrogen atom leads to the formation of unstable 

and very reactive free radicals R * (induction stage). 
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The resulting free radicals R * readily react with atmospheric oxygen to form an activated 

peroxide or peroxy free radical ROO*, which can either break down to form key off

flavor components, principally short-chained aldehydes and ketones, or react with 

another unsaturated fatty acid RH to catalyze the removal of another hydrogen atom 

adjacent to a double bond and form a hydroperoxide ROOH as well as another free 

radical R *. The free radical formed R * will react with atmospheric oxygen to form 

another peroxy free radical ROO* and sustain a self-propagating oxidation mechanism. 

The reactive hydroperoxide ROOH will in tum break down, release a hydroxide OH and 

another free radical RO*, which is the precursor to the formation of many different 

aldehydes, ketones, and alcohols responsible for the actual flavors and odors associated 

with oxidized fats and oils (White, 2000). The removal of hydrogen atom can also 

result from the action of trace metals or enzymes known as lipoxygenases. All materials 

of biological origin contain small amounts of transition metals ( Fe, Cu, Co) which 

cannot be completely removed by any rational food processing. In their lower valency 

states, transition metals possessing two or more valency states and having a suitable 

oxidation-reduction potential react fast with hydroperoxides, acting as one-electron 

donors, to form alkoxy radicals which usually enter the propagation sequence of the 

autoxidation process (Grosch, 1982). The oxidation mechanism in frying oils is 

similar to autoxidation at room temperature 25 °C (77 °F), except that the unstable 

hydroperoxides, primaty products of oxidation, decompose rapidly at 190 °C (374 °F) 

into secondary oxidation products such as aldehydes and ketones. 
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Simultaneously, the triacylglycerol molecules are being hydrolyzed and split at the 

ester linkage by moisture and steam to yield monoglycerides, diglycerides, and 

eventually free fatty acids and glycerol. The free fatty acids released have a distinct 

flavor and odor, which are more disagreeable when the fatty acid chain is shorter than 14 

carbons (O'Brien, 2002). It has also been reported that free fatty acids in any fat can act 

as prooxidants and catalyze additional reactions that lead to flavor changes, apparently by 

the prooxidant effect of its carboxylic group, which accelerates the rate of decomposition 

of hydroperoxides (White, 2000). The rate of free fatty acids development in potato 

chip is significantly increased due to the high moisture content of potatoes (80-82%).The 

impact of free fatty acids on the flavor quality of potato chips is however reduced 

because of the high turnover. The frying oil is changed once a FF A of 0.05% has been 

reached. The rate of autoxidation is depends primarily on the degree of unsaturation of 

the oil. It is however greatly affected by the presence of natural or added antioxidants, the 

rate of depletion of natural antioxidants, the presence of prooxidants, especially copper, 

chlorophyll and heme-containing compounds, the amount of oxygen present, the frying 

temperature (Chang et al., 1977; Nawar, 1996; O'Brien, 2002; Warner, 2002). As the 

heating and frying proceed, dimers are formed from free radicals or triglycerides by 

several reactions, including the Diels-Alder reaction which occurs between a double bond 

and a conjugated diene. Fortunately, oils used in commercial chipping are not as much 

abused as oils in fast-food operations. 
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Consequently, frying does not proceed long enough to enable dimers to continue forming, 

cross-link and form polymers as it does in fast-food operations. 

Chemical Reactions During Storage 

Autoxidation of the absorbed oil occurring at room temperatures (77 °F) proceeds by 

the same self-propagating free radical mechanism as during frying at 377 °F, except that 

the unstable primary products of oxidation, hydroperoxides, decompose less rapidly into 

aldehydes, ketones and ketones (Warner, 2002). 

The unsaturated fatty acids of oils and fats stored under dark ambient conditions are 

subjected to autoxidation, a chemical reaction occurring after exposure to oxygen 

atmospheric. The reaction generates free radicals which are catalyzers of the process 

mechanism. Although even saturated fatty acids may be oxidized, the rate of oxidation 

depends greatly on the degree of unsaturation. It has been reported that the relative rate of 

oxidation between 18:0, 18:1. 18:2, 18:3 is in the ratio of 1:100:1200:2500 (deMan, 

1999). The rate of oxidation is also affected by the amount of oxygen present, the 

presence of antioxidants, the presence of prooxidants, especially copper, heme-containing 

molecules, lipoxidase, light exposure and storage temperature ( deMan, 1999). 

It is accelerated by a rise in temperature, oxygen pressure, prior oxidation metals ions, 

lipoxygenases, chlorophylls, riboflavin and other hematin compounds (Belitz et al., 

2004 ). The primary substrates of the reaction are polyunsaturated fatty acids and oxygen. 

In the initiation stage, hydrogen at a carbon atom adjacent to a double bond is abstracted 

from an unsaturated fatty acid to yield a free radical. 

28 



The removal of hydrogen is initiated by the exposure of allylic functions adjacent to 

double bonds to oxygen and is promoted by heat, light, certain metals such as copper and 

iron, and enzymes known as lipoxygenases (Vaclavik & Christian, 1998). The free 

radical R * formed will combine with oxygen thereafter to form a peroxy-free radical 

ROO*, which can in tum abstract hydrogen from another unsaturated fatty acid to form a 

hydroperoxide and a substrate free radical LOO*, creating a chain reaction that may be 

repeated thousands of times (White, 2000). Hydroperoxides, the primary products of oil 

oxidation, are very unstable. They decompose readily to form a variety of secondary and 

tertiary products with short chains, including volatile aldehydes, ketones, organic acids, 

alcohols (Vaclavik & Christian, 1998). Termination occurs when free radicals interact 

with each other to form nonradicals products (Eskin & Przybylski, 2001 ). 

Another self-propagating oxidation mechanism also occurs during storage, if the oil is 

exposed to light and stored in a packaging material that does not protect from light. 

Most oils contain photosensitizers such as natural pigments (chlorophylls) and their 

degradation products capable of transferring energy from light (hv) to unsaturated fatty 

acids or to the ground state oxygen (Eskin & Przybylski, 2001). Once exposed to light, 

the ground state photosensitizers become activated ( excited state), and as they react with 

fatty acid substrates (photosensitizers type I) or with the ground state oxygen (type II), 

they transfer energy from light to these substrates, converting them into more reactive 

compounds, namely substrate radicals (type I photooxidation), or singlet oxygen (type II 

photooxidation). 
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The singlet oxygen formed will ultimately react with a fatty acid substrate to produce 

substrate radicals. Substrate radicals L * formed will thereafter generate the formation of 

other radicals and cause the oxidation process to become autoctalytic (Eskin & 

Przybylski, 2001). Other sensitizers capable of transferring the energy (hv) from light to 

the stable, ground-state oxygen and converting it to a singlet oxygen include heme and 

related compounds, riboflavin, methylene blue, erythrosine, fluorescein derivatives, and 

polycyclic aromatic hydrocarbons (Belitz et al., 2004; Eskin & Przybylski, 2001 ). 

Sensitizer (Ground state) + hv ~sensitizer (Excited state) 

Sensitizer (Excited state) + LH ~sensitizer H + L * 

Sensitizer (Excited state)+ 0 (Ground state) ~sensitizer Ground+ 0 (Singlet) 

0 (Singlet)+ LH ~LOO*+ 0 (Ground state) 

The oxidation of unsaturated fatty acids by singlet oxygen can be inhibited by 

compounds that react faster with this initiator, such as quenchers which deactivate singlet 

oxygen to the ground state form. The most efficient singlet oxygen quenchers naturally 

occurring are tocopherols and~ carotene. Tocopherols work by donating a hydrogen 

atom from the hydroxyl on the ring to a free radical and by quenching or scavenging 

singlet oxygen, a very reactive oxygen species(Eskin & Przybylski, 2001 ). They are 

natural antioxidants when present at levels below 2000 ppm (mg/kg). At higher levels, 

they act as pro-oxidants (O'Brien et al, 1999). Other natural quenchers include amino 

acids, sulfides, phenols, and metal chelators (Eskin & Przybylski, 2001 ). 
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The amount of tocopherols in plants is governed by the level of unsaturated acids, 

the higher the unsaturation, the higher the amount of tocopherols present in the oil 

(Kell ens & De Greyt, 2000). Most of the tocopherols are removed by distillation 

mechanism during deodorization or lost as a consequence of thermal degradation. 

The removal of tocopherol is maximized in the United States because most soft oils are 

chemically refined in the U.S., while in Europe where physical refining is more popular, 

tocopherol retention in refined oil is instead maximized (Kellens & De Greyt, 2000). 

High Oleic Low Linolenic canola oil contains about 285.8 ppm a.-tocopherol, 

607 .2 ppm i -tocopherols, while the regular canola oil contains only 272.1 ppm a.

tocopherol and 423.2 ppm i -tocopherols (Przylbylski, 2008). 

Chlorophylls occurring naturally in canola oil soybean oils are serious photosentitizers 

that promote photooxidation. in the presence of light. Chorophylls are removed during 

the bleaching process and maintained at <30-50 ppb in soybean and canola oils to 

reduced the photosensitivity of these oils as well as processed foods packaged and stored 

in clear bags or containers (Eskin et al., 1996; Gupta 2000). The presence of chlorophyll 

in canola and soybean oils is reported as common to immature seeds. Thus, growing 

conditions and harvest time greatly affect the quality of canola and other vegetable oils 

(White, 2000). Regular canola oil contains about 5-35 ppm of chlorophylls (Przybylski, 

2008). 
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It has been reported that chlorophylls undergo decomposition under acidic 

conditions and in the presence of oxygen and that the breakdown products of 

chlorophylls, which are 10 times stronger photosensitizers than their parent compounds, 

are much harder to remove during bleaching (Eskin et al., 1996; Gupta, 2000). 

Photoxidation is more detrimental to oil quality than regular autoxidation, considering 

the fact that it is a more rapid reaction than autoxidation and only a trace of amount of 

sensitizers are sufficient to initiate autoxidation (Tatun & Chow, 2007). 

The reaction of singlet oxygen is repotiedly 1,500 greater than that of ground-state 

oxygen ( deMan, 1999). 

Flavor Quality and Stability of-Fried Products 

Most . freshly deodorized oils such as cottonseed, canola, soy and sunflower are 

initially bland, they have little or no flavor or odor, if the original crude oil quality was 

satisfactory and the processing steps were all conducted properly. After they have been 

bottled, stored on a shelf for a few months, and exposed to air, they undergo oxidation 

. and begin to develop trace levels of flavors and off-flavors, as unsaturated fatty acids 

react withatmospheric oxygen to fom1 peroxides and hydroperoxides. Oxidation can be 

auto-oxidation, photo-oxidation, and enzymatic (Baur, 1994 ). After oil is exposed to high 

frying temperatures and subsequently stored, the oxidation process continues more or less 

depending on the level of unsaturation, the amount of antioxidants present, the amount of 

prooxidants, the stress level during storage. 
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Peroxides and hydroperoxides themselves have no flavor but are intermediate to the 

formation of volatile compounds responsible for flavor associated with oxidation (White, 

2000). Oxidation can be auto-oxidation, photo-oxidation, and enzymatic (Baur, 1994). 

After oil is exposed to high frying temperatures and subsequently stored, the oxidation 

process continues more or less depending on the level of unsaturation, the amount of 

antioxidants present, the amount of prooxidants, the stress level during storage. Peroxides 

and hydroperoxides themselves have no flavor but are intermediate to the formation of 

volatile compounds responsible for flavor associated with oxidation (White, 2000). 

They break down readily to produce volatile carbonyl compounds which are associated 

with desirable as well as undesirable flavors. As the oil continues to oxidize, the flavor 

intensity not only increases, but the type of flavors detected progressively changes. 

The flavors of oil and fat products are generally ascribed to the component fatty acids, to 

the unsaturated fatty acids, and to the carbonyl compounds produced by the degradation 

of peroxides and hydroperoxides, particularly aldehydes, and ketones, which have a low 

flavor thresholds. Other compounds resulting from the degradation of hydroperoxides 

such as alcohols, alkanes, alkenes, and alkynes have high flavor thresholds and cannot 

therefore be considered important to the flavors of fats, oils, and lipid-containing foods 

(White, 2000). More specifically, the flavors-related volatiles mostly come primarily 

from degradation of hydroperoxides formed by oxidation of unsaturated fatty acids, 

particularly linoleic acid. It has been reported that oleic acid contributes to a waxy 

off-flavor that negatively affects the quality of the product (Warner et al., 1994). 
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Secondary products of oil oxidation that are volatile significantly contribute to the 

odor and flavor of the fried food. Some of these breakdown products have very low odor 

and flavor thresholds, and the presence of very small amounts of these compounds, levels 

as low as parts per million or parts per billion, can make a food product rancid ( Coppen, 

1989). Aldehydes are most abundantly formed and have a very important impact on the 

flavor since the threshold levels are extremely low, in the range of a few parts per billion 

(Baur, 1994). If the secondary oxidation products are unsaturated aldehydes such as 2, 4-

decadienal, 2,4-nonadienal, 2,4-octadienal, 2-heptenal or 2-octenal, they contribute to the 

characteristic fried flavor in oils that are not deteriorated and can be considered as 

desirable. Volatile compounds originating from the breakdown of oleic acid include 

decanal, 2-decenal, heptanal, nonanal and octanal (Ho & Chen, 1994; Raghavan et al, 

1994). These compounds, particularly heptane, octanal, nonanal, and 2-decenal, have 

been found to have distinctive off-odors in olfactometry analyses of heated oils. The 

predominant off-odors of heated high-oleic oils, namely fruity and plastic odors, have 

been attributed primarily to heptanal, octanal, nonanal, and 2-decenal (Warner, 2002). 

Volatile compounds resulting from linoleic acid include hexanal, t-2-heptenal, t-2-

octenal,c,t-2,4-decadienal, and t,t-2,4-decadienal (Raghavan et al., 1994). Hexanal has 

also been found to have distinctive off-odors in olfactometric analyses of heated oils. It 

has also been mentioned as one of the compounds mostly responsible for the fruity and 

plastic off-odors in heated high oleic oils (Warner, 2002). 
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T,t- 2,4-decadienal has been mentioned by several authors as the compound most 

responsible for the desired fried flavor of fried foods (Melton, et al., 1993; Pangloli et 

al., 2002; Warner et al., 1994; Warner, 2002). 

Table 1 

Major Volatile Compounds From Edible Oils (Raghavan et al., 1994) 

Compound Origin Amount (ppb) 

Canola So~bean Com Olive 
heptanal C18:1 10.4 12.5 24.7 74.2 
octanal C18:1 20.6 22.3 24.1 32.0 
nonanal C18.1 48.9 83.2 58.9 578.0 

hexanal C:18.2 28.7 36.0 146.4 455.9 
t-2 heptenal C:18.2 44.4 54.0 164.0 214.3 
t-2 octenal C:18.2 99.9 89.7 91.4 239.2 
2,4-nonadienal C:18.2 11.0 4.4 7.6 17.7 
c, t-2, 4-decadienal C:18.2 30.9 28.8 47.3 66.6 
t, t-3, 4-decadi enal C:18.2 49.0 55.8 83.0 178.1 

2-pentenal C:18.3 15.3 6.1 1.1 12.1 
c,t-2,4-heptadienal C:18.3 99.9 43.7 21.2 16.5 
t,t-2,4-heptadienal C:18.3 115.8 32.1 10.4 54.3 

The volatile compounds originating from linolenic acid include t,t-2,4-heptadienal and 

2-pentenal. Several authors have reported that 2,4-heptadienal causes unpleasant flavor to 

food when present at high enough concentration to lower flavor quality (Melton et al., 

1993). 
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However, studies conducted by Raghavan and coworkers have demonstrated that 

c,t-2,4-heptadienal and t,t-2,4-heptadienal, the major volatlile emissions from fresh and 

aged canola oil, have odors generally described as fatty, putty and deep fried (Raghavan 

et al., 1994). Other compounds that have an impact on the flavor of oils and oil

containing foods include vinyl ketones, which have particularly low threshold values, 2-

pentylfuran, alcohols, alkanes, alkenes and alkynes such as 1-decyne (White, 2000). 

It has been reported that 1-decyne, which originates from the degradation of 

cyclopropenoid fatty acid (CPFA) naturally present in cottonseed oil, is responsible of 

intense off-flavor in products fried in cottonseed oil and exposed to light (Fan et al., 

1982; Pangoli et al., 2002). 

The flavor stability of a fat, oil, or fat-containing foods is principally related to the 

presence of unsaturated fatty acids, prooxidants such as trace elements, chlorophylls and 

derivative products, antioxidants, naturally occurring such as tocopherols or added, the 

nature and stresses of the storage as well as the use conditions that are imposed on the fat 

(Eskin et al., 1996). The level of moisture in the food as well as the application of heat 

can also affect the flavor stability of the food, considering that moisture and heat can 

initiate the hydrolysis of triacylglycerides. The resulting free fatty acids can produce off

flavors that negatively impact the quality of the product. Short-chained fatty acids in 

particular produce strong, usually undesirable rancid flavors. Furthermore, free fatty 

acids in any fat can catalyze additional reactions that lead to flavor changes by acting as 

prooxidants, apparently by action of carboxylic molecular group (White, 2000). 
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Studies conducted on the stability of snack foods fried in canola, soybean and low 

linolenic acid soybean oils before and after 7 days of storage at 60°C found that freshly 

fried bread cubes showed no significant differences among oils with regard to flavor 

quality and intensity (Eskin et al., 1996). However, bread cubes fried in canola and 

soybean oils had poor flavor quality scores after storage, compared to cubes fried in low 

linolenic soybean oil (Eskin et al., 1996). A study comparing the storage stability of 

tortilla chips fried in canola (9.9% C18:3), partially hydrogenated canola (PHC) (1.2% 

C18:3), low linolenic canola (LLC) (3.4% Cl8:3), corn and soybean (PHS) oils found 

that all freshly fried tortilla chips had similar flavor scores, except the chips fried in PHC, 

which had lower flavor scores (Eskin et al., 1996). The flavor scores decreased only for 

chips fried in canola and corn oils after 8 weeks of storage at 60°C. The flavor scores 

were slightly lower after 24 weeks of storage at 23 °C for all the chips, except those fried 

in PHC and PHS. 

Factors Affecting Shelf Life of Fried Products 

The shelf life of fried snack foods, potato chips included, depends to a great extent on 

the quality of the frying medium absorbed considering that significant amounts of oil 

are absorbed by the food during frying. Potato chips for instance increase their fat content 

during frying from less than 1 % to over 30-40% (Malcomson & Vaisey-Genser, 2008; 

Gebhardt, 1996). Lipids are the least stable macro-organisms in foods. 
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Unsaturated fatty acids are the only substances that, even at physiological conditions, are 

rapidly degraded by non-enzymatic reaction to a great number of volatile compounds 

which, in part, exhibit very low odor and taste threshold. They are highly susceptible to 

oxidation resulting in the development of off-odors and off-flavors. When this occurs, the 

food becomes unacceptable and is rejected by the consumers (Eskin, & Przybylski, 2001; 

Grosch, 1982). The shelf life of fried products depends also on the rate of depletion of 

antioxidants such as tocopherols during frying and storage, the rate of depletion of 

prooxidants, chlorophylls, in particular, during frying and storage, the type of storage, 

and the packaging. Several studies, including one conducted by De Plessis and 

coworkers, have found that potato chips fried in cottonseed oil retain more tocopherols 

and TBHQ during storage than other edible oils and that cottonseed oil extracted from 

potato chips during storage shows less drop from the original values than the extracted 

peanut oil (King et al., 2003). 

Rancidity in of snacks is primarily caused by oxidation of unsaturated fatty acids 

during storage. Oil oxidation is decreased in commercial chipping by packaging in a 

nitrogen flushed atmosphere to reduce oxygen availability, and by selecting packaging 

materials that decrease the exposure to light (Waniska, 2001). Foil-laminated bags 

for instance off er greater protection from light and their use in snack food packaging has 

increased (King et al., 2003). 
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Evaluation Methods For Fried Products 

Flavor Quality and Stability of Fried Products 

The most prevalent causes of poor flavor in oils and fats is oxidation, which leads to 

the formation of various carbonyl compounds that affect the flavor, particularly 

aldehydes and ketones, which have a low flavor thresholds. Any method used to evaluate 

lipid oxidation in foods and edible oils can be also used to assess the actual flavor of the 

oxidizing product. 

Chemical and Instrumental Methods of Analysis 

Thiobarbituric Acid (TBA) test is said to correlate better with sensory evaluation of 

rancidity than other methods measuring lipid oxidation, including peroxide value 

(Pike, 1998). TBA-reactive oxidation products are reportedly assumed particularly 

responsible for sensorial rancidity because of their volatility (Marcuse & Johansson, 

1973). It has been reported however that TBA values correlate well with sensory 

evaluation of rancidity when judges are only asked to indicate whether the sample taste 

rancid or not, not when they are required to rank samples or assign a numerical value. 

Several studies have found that under those circumstances, the flavor threshold values 

correlate well with TBA results of vegetable oils such as soybean, cottonseed, com, 

safflower and canola oils (Gray, 1978). The TBA test measures the amount of 

malonaldehyde or malonaldehyde-type products formed during lipid oxidation 

Malonaldehyde is a minor secondary product of lipid oxidation that is mainly bound in 

fatty foods to other food constituents and is rarely found in the free form. 
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The test involves a condensation reaction of one molecule of malonaldehyde with two 

molecules of 2-thiobarbituric acid to form a red-pink colored complex molecule that 

absorbs mainly at 530 nm. It is now established that other products of lipid oxidation, 

particularly aldehydes such as 2-alkenals and 2,4-alkadienals, can also react with TBA 

reagent to form red complexes with an identical absorption maximum at 530 nm as the 

complex between malonaldehyde and 2-thiobarbituric acid, although aldehydes in general 

produce a yellow chromogen absorbing at 450 nm (Rossell, 1989; Shahidi, & 

Wanasundara, 2002). Unlike other tests, the food sample can be reacted directly with 

TBA. It is however often mixed with water and distilled to eliminate interfering 

substances, before reacting with TBA. Acid is also often added (pH 0.9-1.5) when 

analyzing fatty foods to liberate malonaldehyde bound to other food constituents, and 

catalyze the condensation of malonaldehyde with TBA reagent (Kakudi et al., 1981 ). 

The AOCS Official method (Cd 19-90) requires weighing 50-200 mg of the sample into 

a 25 ml volumetric flask, dissolving to volume with 1-butanol, mixing 5.0 ml of the 

sample solution with 5.0 ml of a reagent solution prepared by mixing 200 mg of 2-

thiobarbituric acid with 100 ml of 1-butanol, heating the mixture for 2 hours in a 

thermostated bath set at 95 °C (203 °F), and measuring the absorbance of the mixture at 

530 nm using the reference cell filled with distilled water as a blank (Firestone, 1993). 

Another method requiring a much shorter assay time is used more often. Typically, a 

weighed sample is combined with distilled water and mixed. The pH is adjusted to 1.2 

and the sample is transferred to a distillation flask. 
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The sample is distilled rapidly, after addition of BHT, antifoam agent and boiling beads, 

and the first 50 ml of the distillate collected. An aliquot of the distillate is combined with 

TBA reagent and heated in a boiling water for 35 minutes. Absorbance of the solution is 

determined at 530 nm and, using a standard curve, absorbance readings are converted to 

milligrams of malonaldehyde per kilogram of sample (Pike, 1998). 

Peroxide Value (PV) is the major chemical method used to evaluate the flavor quality 

and stability of oil and fried products. The determination of the PV is believed to be a 

sure method for predicting subsequent deterioration of organoleptic quality of the oil, 

although a fat can be rancid or have a mediocre organoleptic quality without having a 

high peroxide value. The test measures the amount of hydroperoxides and peroxides, the 

primary products of oil oxidation, contained in 1000 g of sample. It determines the 

number of micrograms of active oxygen of peroxides and hydroperoxides in gram of fat 

capable of oxidizing potassium iodide into iodine, and is expressed as milliequivalents 

(mEq/kg) of sample. Peroxides and hydroperoxides themselves have no flavor but are 

intermediate to the formation of volatile carbonyl compounds responsible for flavor 

associated with oxidation (White, 2000). They break down readily to produce volatile 

compounds associated with the fried flavor of foods as well as with several off-flavors 

Most freshly deodorized oils have initially little or no flavor or odor, and an oil intensity 

score of 10, if the original crude oil quality was satisfactory and the processing steps were 

all conducted properly. 

41 



Soon after processing, the intensity score drops to 8, indicating faint but detectable flavor 

or flavors, such as nutty or buttery. After they have been bottled and stored on a grocery 

shelf for a few months, the flavor score drops to 7, indicating a low level of oxidation. 

Typical flavors may be buttery, grassy, beany. As the oil oxidizes, the flavor intensity not 

only increases, but the type of flavors detected progressively changes. Oils that are scored 

a 6 usually have a peroxide values between 1 and 5, although off-flavors from processing, 

such as hydrogenation, may cause the intensity of the flavor to increase. Oils that are 

scored a 5 or below are usually oxidized with a PV above 5 (Warner, 1996). Flavors such 

as grassy or beany precede the development of rancid flavor, so by the time the oil 

reaches the peroxide level necessary for a rancid or painty flavor, other flavors are 

present (Warner, 1996). Although the PV measurement cannot predict the flavor quality 

of an oil completely, good correlation values (R) of 0.80 and 0.97 have been reported for 

PV and sensory evaluation scores (White, 2000). The official method recommended 

for the determination of peroxide value is the AOCS Official method Cd 8b-90 

(Firestone, 1993 ). 

Anisidine Value (AOCS method Cd 18-90) measures the amount of aldehydes, 

the secondary products of oil oxidation in a sample, particularly 2-alkenals and 2,4-

dienals. Aldehydes formed during oil oxidation react with para-anisidine in the presence 

of acetic acid to form a chromogen that is measured spectrophotometrically at 350 nm 

(Firestone, 1993; Pike, 1998). The molar absorbance increases if the aldehydes contain a 

double bond (Nawar, 1996). 
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It is reported that McMullen found a good correlation between AV and sensory scores of 

canola oil subjected to shallow pan and deep-fat frying. Hawrysh also found good 

correlation between sensory scores and AV of stored tortilla chips, but poor correlation 

between sensory scores and AV of potato chips stored under accelerated heat conditions 

(Warner, 1996). It is worth mentioning however that not all 2-alkenals and 2,4-dienals 

contribute to oxidation off-flavor (White, 2000). 

Conjugated dienes and trienes (CD) (AOCS method Ti la-64 ), is based on the fact 

that double bonds of linoleic, linolenic and more unsaturated fatty acids become 

conjugated during oxidation after these fatty acids react with oxygen to form 

hydroperoxides (Firestone, 1993; Pike, 1998; Rossell, 1989; Warner, 1996; White, 2000). 

The conjugated dienes formed absorb ultraviolet light at 233nm, whereas conjugated 

trienes show a peak at 268 nm (Pike, 1998). Basically, the liquid sample is dissolved in 

isooctane and diluted to about 0.01 mg of sample per ml solvent. Absorbance is measured 

using an ultraviolet spectrophotometer. Good correlations have been reported between 

sensory scores and CD for stored canola oil by McMullin and coworkers, as well as by 

Hawrysh for stored potato chips (Warner, 1996). 

Carbonyl Value (CV) measures by colorimetric method the amount of carbonyl 

compounds formed from the degradation of hydroperoxides. The test has the advantage 

of measuring products that contribute directly to off-flavor development and unlike 

peroxide value, it is not limited to initial stages of oxidation (Warner, 1996). 
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High correlations were found by Przybylski and coworkers for saturated and unsaturated 

carbonyls of canola oils and canola blends with odors scores (Warner, 1996). 

Headspace Oxygen Analysis, also called Oxygen bomb method or Oxygen Absorption 

test, is based on the fact that fats and oils absorb oxygen from the surrounding 

environment as they oxidize. Consequently, if a fat or oil is placed in a closed system 

such as a closed container, oxygen level in the headspace of the oil will begin to decrease, 

indicating that the lipid is oxidizing. Typically, the sample is placed in a heavy-walled 

container that has a pressure recorder attached. Oxygen is used to pressure the container 

to 100 psi, after which tine the container is placed in a boiling water bath. A rapid 

absorption of oxygen by the sample is indicated by a sharp drop in pressure oxygen, 

and the time until it occurs corresponds to the induction period (Pike, 1998). 

Volatile Compounds Analysis, which measures the amount of volatile carbonyl 

compounds formed during oil oxidation. The method has been described as the most 

suitable method for comparison with sensory results, considering the fact that volatile 

carbonyl compounds are major contributors to off-flavor development during oil 

oxidation (White, 2000). Volatile compounds frequently used to correlate with flavor 

include propanal, pentane, pentenal, pentanol, hexanal, 2-pentenol, 3-hexenal, 2-heptenal 

octen-3-ol, 2,4-heptadienal, nonanal, and 2,4-decadienal (White, 2000). Analysis of 

volatile compounds is done by gas chromatography, using static headspace, dynamic 

headspace or direct injection techniques to separate and quantify the various compounds. 
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Static headspace involves placing a liquid sample in a closed container until 

equilibration is reached, and then injecting a set volume of gas above the sample into a 

GC column (Warner, 1996; White, 2000). Multiple sample injection is often needed to 

improve the accuracy of measurement. Dynamic headspace or purge and trap methods, 

use a sorbent to collect volatiles from a liquid sample. Volatiles are swept with nitrogen 

from the heated sample and trapped in a precolumn packed with a porous polymeric 

sorbent. The trapped volatiles are then transferred from the precolumn onto the GC 

column by thermal desorption or solvent extraction. The time required for flavor 

compounds to be transferred onto the GC column depends on the temperature at which 

the liquid sample is heated at as well as the concentration of volatiles, with longer times 

needed for low sample temperatures and for samples with low concentrations of volatiles 

(Warner, 1996). The headspace method is selective toward medium and higher 

molecular weight compounds such as 2,4-decadieanal, whereas static headspace method 

is selective toward the low molecular weight compounds such as pentane and hexane 

(Warner, 1996). It has been reported that a study by McMullen and co-workers found 

high correlations between sensory scores and GC indices of total volatiles, 

pentane/butane, and 2,4-decadienal, which were later identified as major off-flavor 

volatiles in stored canola oils (Warner, 1996). Direct injection method involve placing the 

sample on a purified glass wool plug insert that is into the GC injector or external 

apparatus, heating the sample, and transferring the volatiles from the sample directly into 

the GC column with the help of the carrier gas. 

45 



The column is held at ambient temperatures when a porous packing material is used or 

cooled with nitrogen or solid carbon dioxide when a capillary column is used. Low 

temperatures are often used in both cases in order to concentrate volatiles and improve 

separation. Thus, the decomposition of hydroperoxides and alteration of volatile 

compounds is less likely to occur (Warner, 1996). It has been reported that good 

correlations between sensory scores and GC indices were fow1d for canola oil by 

Przybylski and co-workers, using a combination of dynamic headspace and direct 

injection techniques (Warner, 1996). 

Senso,y A1ethods ofAnalysis 

Sensory evaluation remains the ultimate method to assess oil quality and stability 

because chemical test methods lack the acuity of human senses and the ability to integrate 

integrate perceptions, although of these methods can correlate fairly well with sensory 

scores (Rousseau, 2004; Warner, 1996). Defects in flavor and odor can be detected by 

trained panelists before being recognized by chemical or instrumental means 

(Rousseau, 2004). Rancid, fishy and beany flavors can occur at very low levels of 

oxidation not detectable by regular analysis methods, but easily detected by trained 

panelists (Rousseau, 2004).The weakness of sensory methods include high subjectivity of 

the results, poor reproducibility, lack ·of practicality, high costs associated with panelist 

training and facilities (Rousseau, 2004). 
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Sensory evaluation of fats or fat-containing products is mostly limited to the 

characteristics of the product perceived by the senses of taste, smell, and sight. 

The most sensitive sensory analysis of oils is done by sniffing the volatiles in the 

headspace of the oil or tasting the oils in their liquid form without dilution or 

combination with any other foods, except for crude or partially processed oils which must 

be diluted before being analyzed (Warner, 1996). Sensory tests can be classified into 

two basic types: affective (or subjective, consumer) and analytical (or objective). 

Affective tests measure acceptance, preference or like-dislike responses, usually by 

having panelists rate their preference or acceptance, like or dislike of a product 

(Malcomson, 1996; Warner, 1996). They question 50 to 100 people or more as to which 

of two or more products they prefer, or how much they like or dislike the sample. Tasters 

are usually untrained and randomly selected. Affective tests are important in market 

development studies but have little application in flavor research investigations 

(Malcomson, 1996). 

Analytical tests evaluate differences between products and rate the quality or intensity 

of odor or flavor characteristics (Warner, 1996). They represent the sensory evaluation 

methods commonly used by oil processors and researchers. Analytical tests can be either 

discriminative or descriptive. The discriminative tests include difference tests (triangle, 

duo-trio, ranking, paired comparison) which measure whether or not two or more samples 

are alike, and sensitivity tests, which measure the taster's ability to detect odors or flavors 

(Warner, 1996). 
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A difference test is invalid if panelists can determine differences by color, texture, 

temperature or sensory characteristics other than flavor (Warner, 1996). 

Triangle test. The triangle test is one of the most frequently used discrimination or 

difference tests. This test allows the researcher to determ'ine whether two samples treated 

differently are also perceived differently without indicating the direction of the 

difference. Panelists are given three samples, two of which are alike, and asked to 

indicate the odd sample. The triangle test is recommended for oil processors/researchers 

who are initiating a panel because only a small amount of training is required to 

familiarize the panelists with the testing procedures. It was used by Fuller et al to 

determine the time required to cause significant changes in potato chips fried in different 

oils and held under light intensities of 13 and 100 foot candles. After only 3 days of 

storage at 13 foot-candles of light, the panel was able to differentiate between chips fried 

in cottonseed oil and stored in the dark under nitrogen. By 12 days, the panel 

differentiated between chips fried in hydrogenated vegetable oil or high oleic sunflower 

oil and stored in light and chips fried in the same oils but stored in the dark (Melton, 

1996). The triangle test was also used by Maga to determine whether blindfolded 

experienced panelists could differentiate between the flavors of light and dark colored 

potato chips during storage (Melton, 1996). 
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Paired preference tests. Paired preference testing is used to determine the preference 

of one product over another, as when determining parity among competitive brands. 

Panelists are asked to answer to one question, and one question only, regarding two 

products, each taken as a whole, without analyzing its individual attributes. Unlike 

panelists participating in a triangle test, participants in a paired preference test are users 

of the product and are representative of a consumer sample (Lawless & Heymann, 1998). 

Hedonic scaling tests. Hedonic scaling is a likeability or acceptability test often used 

to quantify the sensory evaluation by rating the different sensory attributes tested. The 

longstanding track record of the nine-point scale demonstrates its utility and wide 

applicability in consumer testing. One concern is the degree to which the terms used in 

the test have consensual meaning in the population (Lawless & Heymann, 1998). Fried 

foods are evaluated using AOCS quality scale, since blandness is not a desired 

characteristic of these foods. Potato chips considered good quality products with a 

characteristic potato-chip flavor and no off-flavor would be crated as 8. As they age and 

deteriorate during storage, a loss of typical potato-chip flavor is noted, and the flavor 

quality score decreases. As off-flavors begin to develop, the score continues to decrease 

with increasing amounts of off-flavors (Warner, 1996). 

Data analysis is required in order for the researcher to determine whether the 

differences perceived by the judges are statistically significant or not. 
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For triangle and duo-trio tests, appropriate tables are often used to determine the number 

of correct answers needed to establish significance at 95, 99, or 99.9% confidence level. 

For sensory methods using scoring scales, the mean scores of the samples are usually 

analyzed by a two-way ANOVA test. Significance is often determined by calculating 

the F Ratio (Warner, 1996). 

Oxidative Stability 

Chemical and Instrumental Analysis Methods 

Fried foods absorb appreciable amounts of the frying oil which is susceptible to 

oxidative changes during storage (Eskin et al., 1996). The oxidation of unsaturated 

fatty acids leads to the formation of hydroperoxides, and ultimately to the production of 

aldehydes, ketones, organic acids as well as hydrocarbons. 

Measuring the current status of oil and fried products in regard to lipid oxidation is 

achieved using a titration method (peroxide value), as well as some of the numerous 

instrumental analysis methods (Pike 1998). 

Peroxide Value (PV) measures the amount of active oxygen of peroxides and 

hydroperoxides, the primary products of oil oxidation, in one gram of fat capable of 

oxidizing potassium iodide into iodine, and is expressed as milliequivalents of peroxide 

per kg (mEq/kg) of sample. A freshly deodorized oil or fat should have a peroxide value 

of zero to be considered good quality. For soy oil, peroxide levels range from 1.0-5.0 for 

low oxidation, and 10.0 and above for high levels of oxidation. A peroxide value above 

20 is usually only of academic interest since the oil flavor quality is very poor (Firestone, 

1993). 
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These quality estimates are however oil specific and higher PV may be acceptable 

in other oils such as com and peanut oils (White, 2000). It is generally accepted that 

the peroxide value of an edible oil increases only slightly during the induction period as 

free radicals are being produced, after a quantum of energy from heat or light catalyzes 

the removal of hydrogen on a carbon atom adjacent to a double bond of unsaturated fatty 

acids, or following the action of trace metals or enzymes known as lipoxygenases. 

As the concentration of free radicals reaches a critical level and a self-sustaining 

oxidation mechanism takes place, peroxides and hydroperoxides are forming at a higher 

rate than they are decomposing, and as a result, a very rapid increase in peroxide value 

occurs until a maximum is reached. Afterwards, the rate of decomposition of peroxides 

and hydroperoxydes into volatile compounds outstrips their rate of formation, and the 

peroxide value begins to decline (Coppen, 1989). A limitation of this method relies 

therefore on the fact that peroxides and hydroperoxides are unstable products that 

inevitably break down, even at ambient temperatures, to form a variety of smaller size 

carbonyl compounds which are responsible for desirable and undesirable flavors 

(Hudson, 1989). The decomposition of peroxides and hydroperoxides accelerates as 

the oil is heated and the temperature is raised (Rossell, 1989). A low value can therefore 

represent either the beginning of oxidation or an advanced stage of oxidation. In no case 

can the PV be used for heated fats because under these conditions, the decomposition of 

peroxides is faster than their formation. 
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Other drawbacks of this method are the absorption of iodine at unsaturation sites of 

fatty acids and the liberation of iodine from potassium iodide by any oxygen present in 

the solution to be titrated (Shahidi & Wanasundara, 2002). The official method 

I 

recommended for the determination of peroxide value is the AOCS Official method Cd 

8b-90 (Firestone, 1993). 

Anisidine Value (AOCS method Cd 18-90) determines the amount of aldehydes, the 

secondary products of oil oxidation in a sample, particularly 2-alkenes and 2,4-dienals. 

Aldehydes formed during oil oxidation react with para-anisidine in the presence of acetic 

acid to form a chromogen that is measured spectrophotometrically at 350 nm (Pike, 

1998). The molar absorbance increases if the aldehydes contain a double bond 

(Nawar, 1996). 

Thiobarbituric Acid (TBA) test measures the amount ofmalonaldehyde, another 

secondary product of oil oxidation, formed during lipid oxidation. It involves the reaction 

of malonaldehyde formed with thiobarbituric Acid to yield a colored compound that is 

then measured spectrophotometrically at 530 nm. Unlike other tests, the food sample can 

be reacted directly with TBA. It is however often mixed with water and distilled to 

eliminate interfering substances, before reacting with TBA. Absorbance of the solution is 

determined at 530 nm and, using a standard curve, absorbance readings are converted to 

milligrams of malonaldehyde per kilogram of sample (Pike, 1998). Headspace hexanal 

method measures the amount of hexanal, a common aldehyde formed during oil 

oxidation, using direct headspace analysis. 
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A set volume of vapor obtained from the headspace above the sample held in a closed 

container is analyzed chromatographically. Typically, a small sample of commodity is 

placed in a container, the container is sealed with a septum cap and heated for a given 

time to increase the concentration of headspace volatiles. An aliquot of the vapors in the 

container headspace is then removed using a syringe, and injected into a GC with a flame 

ionization detector. The amount of hexanal is calculated from the peak area (Pike, 1998). 

New instrumental methods recently developed for quantification of lipid oxidation 

include Electron Spin Resonance (ESR) Spectroscopy, Chemiluminescence 

Spectroscopy, NMR Spectroscopy, and GC-Mass Spectrometry often combined with 

solid phase microextraction (SPME) to save sample preparation time (Shahidi & 

Wanasundara, 2002). 

Determining the oxidative stability or the resistance to oxidation of the absorbed oil 

using shelf life determination at ambient conditions of storage, usually room temperature, 

requires months or even years. For that reason, accelerated tests have been developed to 

evaluate the susceptibility of oil and fried products to oxidation. These tests artificially 

hasten lipid oxidation by exposing samples to heat, oxygen, metal catalysts, light or 

enzymes (Pike, 1998). They include Schaal Oven test, oil Stability Index (OSI), Active 

Oxygen Method (AOM), Oxygen Bomb, Sylvester test, Swift test, and the Rancimat 

(Pike, 1998; Rossell, 1989). 
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Sensory Analysis Methods 

Sensory evaluation of odor and flavor quality of cooking oils is the ultimate method to 

assess oil quality and stability, even tough some of these methods can correlate fairly 

well with sensory scores (Rousseau, 2004; Warner, 1996). Defects in flavor and 

odor can be detected by trained panelists before being recognized by chemical or 

instrumental means (Rousseau, 2004). Rancid, fishy and beany flavors can occur at 

very low levels of oxidation not detectable by regular analysis methods, but easily 

detected by trained panelists (Rousseau, 2004 ). The weakness of sensory methods include 

high subjectivity of the results, poor reproducibility, lack of practicality, high costs 

associated with panelist training and facilities (Rousseau, 2004 ). Data analysis is indeed 

required in order to assess statically the significance of the differences perceived by the 

judges 

Potato Chip Processing 

Overview of Potato Chip Processing 

The processing procedure most widely used in chipping industry includes destoning, 

washing, peeling, slicing, potato slices washing, frying, salting, inspecting and packaging 

(Gebhardt, 1996; Gould, 2001; Smith, 1975). Potatoes coming directly from the fields 

and often covered with dirt or sand are dumped into hoppers from which stones and other 

debris that found their way in the potato shipment are removed. Potatoes are then washed 

to remove the excess of dirt or sand, peeled, washed, inspected to remove visible defects 

such as rotting, bruising, and black spots (Gebhardt, 1996). 
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Peeled potatoes slide over a series of eight knives in the head of a centrifugal slicer 

and are cut into several slices that are then discharged against a conic ring and dropped 

into a rinser (Smith, 1975). Freshly dug tubers, and in particular immature tubers, 

need only a light brushing to remove peels (Gould, 2001). Unpeeled potatoes are 

sometimes used because peeled potatoes tend to become overly dried and form 

undesirable white edges indicating a loss of moisture on the edges of the slices 

(Wicklund & Ivers, 1981). Thickness of potato slices vary from 0.05 (1/20) in. or 

18 slices/in. to 0.07 (2.1/30) in. or 13 slices/in. (Gebhardt, 1996). Potato slices are 

washed in a perforated tumbler with spray nozzles to remove excess of starch, dried with 

pressure air to remove as much surface starch and water as possible, fried at 350-375°F 

for 1-2 minutes, cooled on a conveyor, sorted by size, salted by uniformly applying 1.5-2 

lbs. of salt to each 200 lbs. of chips, and packaged (Gebhardt, 1996; Smith, 1975). 

Specification of Chipping Potatoes 

Approximate analyses of white potato have determined that potato tubers contain 

between 63.0-87.0% of water and 13.0-37.0% of dry matter or total solids, which include 

carbohydrates (13.0-30.5%), proteins (0.7-4.6%), ash or mineral, particularly potassium, 

and phosphorous (0.44-1.99%), and fat (0.02-0.96%). Starch and non-starch 

polysaccharides, including sugars, cellulose, crude fiber, and pectic substances, account 

for 99.5% of the dry matter, whereas sugars make up 33% to 50% of the non-starch solids 

in potato granules (Thompson, 1975). 
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Nitrogenous compounds identified include proteoses, peptones, glutathione, choline and 

acetylcholine. The fat fraction of the potato granule, mostly found in the periderm, 

contains myristic, pentadecanoic, stearic, arachidic, heptadecanoic, palmitic, oleic, 

linoleic, and linolenic acids. Early potatoes contain more lipids than late varieties 

(Thompson, 1975). 

Other components include aroma-bearing compounds such as methanol, ethanol, 

acetaldehyde, propanol, butanol, acetone, phenolic and related substances, anthocyanins, 

flavones, tannins, lignin, coumarins, monohydric phenols and polyphenols, which are 

associated with the color of the raw potatoes, and are in part responsible for certain types 

of discoloration of processed potato products. The amount of chlorophyll formed rarely 

exceeds 1mg/100 cm 2 (Thompson, 1975). A small amount of solanine, an alkaloid 

with toxic properties in concentrations exceeding 0.1 %, is also found in potato granules 

(Talburt et al., 1975). 

Potatoes needed for chipping are required to have high specific gravity, high dry 

matter, low moisture content, and low level of reducing sugars (glucose, fructose). 

Ideally, they have to have a specific gravity SG= 1.085, which equals 21 % dry matter, 

and a reducing sugars level below 0.25%, preferably below 0.10%, in order to obtain 

a superior yield of chips and produce potato chips of low oil content with the desired 

golden brown color (Moreira et al., 1999). Studies have found that potatoes with high 

dry matter (specific gravity) produce more chips per pound. It has been determined that 

for every increase of 0.005 in the specific gravity, there is approximately an increase of 

1 % in yield of chips (Smith, 1975). 
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Other factors being constant, chips produced from potatoes with high specific gravity 

will have lower oil content and better flavor (Gould, 2001). Studies have also shown that 

the weight of chips made from Russet Burbank, Warba and Chippews varieties increased 

with the percentage increase in dry matter of the slices (Smith, 1975). The specific 

gravity of potatoes varies considerably between varieties grown under similar conditions 

and within the variety when grown under different soil, cultural and environmental 

conditions (Smith, 1975). 

Reducing sugars can combine with amino acids in protein-containing foods to cause 

nonenzymatic browning (Vaclavik & Christian, 1998). The free carbonyl group of 

reducing sugars reacts with an amino acid with free amino group (lysine, arginine, 

tryptophan, histidine) when heated to form glycosylamine and confer a reddish brown or 

even a dark brown color to the food product (Vaclavik & Christian, 1998). The 

nonbrowning or Maillard reaction is accelerated by heat and proceeds quickly at elevated 

temperatures, but it can also occur at room temperature during extended period of 

storage (Mc Williams, 2001 ). It is also favored by high sugar content, high protein 

concentration, high pH and low water content (Vaclavik & Christian, 1998). It has been 

reported that potatoes low in reducing sugars produce chips of more acceptable color than 

potatoes high in reducing sugars (Gould, 2001 ). Tubers with high amounts of reducing 

sugars produce dark brown. Up to a certain level, the higher the concentration of reducing 

sugars, the darker the color formed. A study by Smith found that only one of 156 samples 

with reducing sugars above 0.25 % produces acceptably colored chips. 
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Another study found that potatoes with 1.22% reducing sugar content produce chips 

much too dark, those with 0.25% had good light color (Smith, 1975). It has been 

determined that reducing and non-reducing sugars accumulate when potatoes are 

held at 46°F after having been at room temperature (Smith, 1975). Preferably, tubers 

should only be handled when the temperature is above 55°F (Gould, 2001). The activity 

of invertase, the enzyme that catalyzes the breakdown of sucrose into invert sugars 

(fructose and glucose), increases in cold-stored potatoes, resulting in the formation of 

reducing sugars (Smith, 197 5). Temperatures below 40°F ( 4.45 °C) convert potatoes' 

starch into reducing sugars, which leads to the browning of the products during frying 

and alters their taste (Potatoes, n.d. ). Potatoes most satisfactory for chips are those 

stored at 50 to 60°F (Smith, 1975). 

Other factors that potato chip manufacturers take into account when selecting potatoes 

for processing into chips include potato varieties, maturity, growth and storage 

conditions, the extent of peeling waste (Gebhardt, 1996; Gould, 2001; Smith, 1975). Not 

all potato varieties are suitable for chipping. Varieties intended for chip processing must 

have high starch content (60-80% of dry matter), high specific gravity (above 1.80), and 

low reducing sugar levels (less than 3% of dry matter; Sieczka & Thornton, 1993). 

Potato varieties commonly used in the chipping industry have high percentage of dry 

matter, very high specific gravity, low moisture content , and are invariably round, white 

(Bohl, 2001). They include Atlantic, Chipeta, Gemchip, Norvalley, Norchip, Snowden, 

Dakota Pearl, Ivory Crisp, Superior, and Willamette (Sieczka & Thornton, 1993). 
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Some small kettle-chipping operations use Russet Burbank and other russet potatoes 

whose starch and sugar contents are medium compared to other processing varieties and 

are best suited for French fries processing as well as for baking, because of taste and 

ready availability (Sieczka & Thornton, 1993). 

Potatoes processed into chips require much higher temperatures during the curing and 

holding periods of the storage than potato processed into French fries, in part because a 

lower maximum allowance of reducing sugars (Sieczka & Thornton, 1993 ). 

Potatoes intended for processing into frozen French fries or for sale to the fresh market 

have to be stored at curing temperatures of approximately 50 °F (10°C), and holding 

temperatures of 40-45°F (4.4-7.3 °C), whereas those intended for chip processing must 

be stored at curing temperatures of 50-60 °F and holding temperatures of at least 50 °F. 

When potatoes have been kept at low temperatures and excessive reducing sugars have 

accumulated during storage, the amounts of sugar can be reduced by reconditioning the 

potatoes. The process involves holding the tubers at a higher temperature of about 70°F 

for 1-3 weeks or longer, and is based on the fact that during the holding period at stated 

temperature, invertase is deactivated and sugar is converted back to starch. The only 

drawback of this technique is the loss of weight due to evaporation of water, the loss of 

solids due to respiration, spoilage, and sprouting. Another method used in the potato 

processing industry involves leaching the raw potato slices into hot water prior to frying, 

whereby reducing their content of reducing sugars. 
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This method is simply not used in the chipping industry because the texture and 

flavor are almost completely impaired under the conditions required to adequately 

prevent darkening (Weaver & Nonaka, 1976). Maturity of potatoes affects yields and 

quality of chips, as well as the keeping quality and conditioning of the tubers (Smith, 

1975). As potatoes become more mature, their specific gravity increases, and the yields 

of chips also increases. Mature tubers are usually higher in dry matter which makes them 

of better quality for most processing uses, including chip processing. They have also 

tougher skins which are more resistant to skinning and bruising during the harvesting 

operation (Sieczka & Thornton, 1993). Mature tubers that come from fields 

where the vines have either died or been killed before digging (Gould, 2001 ). 

Maturity is measured by determining the sucrose content of the tubers. The chemical 

maturity monitoring (CMM) essay or sucrose content should be 1 % or less if the tubers 

are to be stored for the chip market (Gould, 2001 ). Immature tubers must be kept at 

curing temperatures for longer periods to ensure maturation of the skin for minimum 

weight loss (Sieczka & Thornton, 1993 ). Maturity is obtained by planting early, 

harvesting late and killing wines slowly (Smith, 1975). 

Excess of rainfall or irrigation has a depressing effect on dry matter content of the 

tubers. It has been reported that potatoes grown in dry season were as much as 8% higher 

in dry matter than those grown during wet season, and that potatoes grown in irrigated 

areas were lower in specific gravity than those not irrigated. Fertilizers and insecticides 

also have a negative effect on maturity of potatoes and often influence the specific 

gravity of tubers (Smith, 1975). 
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Potatoes that have been heavily fertilized, particularly with nitrogen, usually have lower 

specific gravity than those receiving smaller amounts of these nutrients (Smith, 1975). 

Some insecticides control insect growth so well that maturity of the plants and tubers is 

greatly delayed, thus affecting the specific gravity of tubers and consequently, the yield 

and quality of chips (Smith, 1975). 

Frying Process 

Deep fat frying is a complex process involving high temperatures, significant 

microstructural changes of the food, both on its surface and on in its body, and 

simultaneous heat and mass transfer resulting in flows of water (bubbles) and oil in 

opposite directions. As heat is being transferred from the hot oil to the food surface, 

water in form of steam is driven off into the frying medium. The void left by the 

departing water is subsequently filled by the frying medium, creating a flow of mass 

headed in both directions. Other food components, particularly food lipids and pigments, 

are also driven off the food along with the food moisture and leached into the frying 

medium, alternating its nutritional profile (Podmore, 2000). Subsequently, the outer 

surface of the food becomes dry, and a crust forms, sealing in the water, keeping the 

center moist and tender. The inner center is further kept moist by the reduced contact 

time between the frying oil and the food, as the heated oil is pushed away much faster by 

the steam escaping from the food surface (Stier, 1988). The product changes in size and 

in density when the amount of oil absorbed by the food is not proportional to the amount 

of moisture removed (Blumenthal, 1996). 
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Moisture loss by the food is driven by the moisture gradient between the water content 

of the food and the equilibrium moisture at the frying temperature. The rate of moisture 

transfer is directly proportional to the driving force for moisture removal, the partial 

pressure of moisture in the fryer, and the diffusivity of moisture within the immersed 

food (Levine, 1990). The temperature of the frying medium does not appear to have a 

significant impact on moisture removal, due to the fact that the relative humidity in the 

fryer, which is in the order of 10%, does not change much over a limited temperature 

range (Levine, 1990). 

The amount of oil entering the food is directly proportional to the amount of moisture 

lost, which keeps the food from shrinking or collapsing (Mackay, 1999). Oil uptake 

during frying depends on a variety of factors, including oil quality and composition, 

moisture content, composition, shape and size of the food, prefrying treatments, surface 

treatments, initial porosity, interfacial tension, frying temperature and duration (Pokorny, 

1999; Saguy & Pinthus, 1995). The amount of oil absorbed by the food during frying is 

reportedly linear function of the square root of the frying time, as is the amount of 

moisture lost by the food. It is independent of the frying temperature in the range of 

311-392 °F. Most studies have determined that a higher initial moisture content results in 

an increased oil uptake during deep-fat frying (Saguy & Pinthus, 1995). Other factors 

affecting oil content of chips include the specific gravity or dry matter content of 

potatoes, the moisture content of potato slices before frying, the amount of reducing 

sugars in the slices before frying, the thickness of the slices, frying temperature, and 

length of frying time (Smith, 1975). 
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Several studies have found that the oil content of chips decreases as specific gravity or 

dry matter content of potatoes increases (Smith, 1975). The different constituents of the 

dry matter of potatoes, including starch, sugars, pectic substances, cellulose, minerals, 

proteins and others, absorb oil at different rates. It has been reported that as amylopectin 

content of potatoes increases, the amount of fat absorbed by potato slices during frying 

also increases (Smith, 1975). On the other hand, drying potato slices before frying lowers 

the oil content of chips. Several studies, including one conducted by Smith, have shown 

that chips processed from potatoes with low moisture content have low oil content 

(Smith, 1975). When potato slices are dried for 10 minutes or more and lose 

approximately 25% of moisture, the oil content of chips decreases by 6-8% (Smith, 

1975). Potato slices dried in oven at 145 °F for 15 minutes lose approximately 35.8% of 

weight and contain about 34.8% oil when fried in cottonseed oil, peanut oil or com oil, 

whereas potato slices fried in the same oils without being dried in the oven contain 

approximately 37.6% oil (Smith, 1975). Dipping raw slices in hot water or hot solutions 

of various chemicals such as sodium bisulfite at 0.25% concentration in order to remove 

reducing sugars results in increased uptake of oil during subsequent frying (Smith, 1975). 

A study by Smith found that treating potato slices for one minute in 5% sodium chloride 

solution heated at 180 °F resulted in the production of chips with 93% as much oil as 

those rinsed in cold water, when they were fried in cottonseed, peanut or com oil, and 

88% as much oil when they were fried in shortening (Smith, 1975). 
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Decreasing slices thickness from 1/12 in. to 1/15, 1/18, 1/21, or 1/24 in. increases oil 

content of chips from 43.85 to 44.68, 46.81, 47.61 and 49.93% (Smith, 1975). It has also 

been reported that oil uptake decreases when the frying temperature increases or when 

the length of frying time decreases. As temperature increases, the frying oil becomes less 

dense and consequently, a smaller proportion of oil is absorbed (Smith, 1975). Ordinarily, 

a decrease in frying temperature is compensated for by an increase in frying time. As 

chips remain in the frying oil for an extended period of time, oil absorption increases. 

The best frying temperature for potato chips vary with the variety, the specific gravity 

and the reducing sugars content of the tubers. The range of frying temperature becomes 

narrower when reducing sugars content increases (Smith, 1975). High oil absorption 

during potato chip frying can result from low oil temperature frying, overloaded fryers, 

broken-down or abused oil, extended dwell time, worn down or damaged slicer blades, 

low specific gravity, and high moisture potato (Gebhardt, 1996). Low oil temperature 

during frying produce potato chips that are oil sucked and raw, the potato slices 

absorbing oil from a soaking effect into the potato slices and not from cooking. 

Overloading fryers with room temperature, or cooler potato leads to an extreme drop in 

the temperature of the hot oil and subjects the potato slices to lower frying temperature, 

which results also in raw, oil-soaked potato slices (Gebhardt, 1996). Broken-down or 

abused oils tend to increase the heat recovery time during frying, exposing the potato 

slices to lower frying temperature and producing potato chips with a higher oil content 

and raw texture (Gebhardt, 1996). 

64 



Exceeding the required frying time also leads to excessive amount of oil in the finished 

products. Slicer blades not properly maintained, worn down or damaged produce rough, 

uneven and more porous potato slices that consequently absorb more oil during frying 

than needed. Waxy potatoes with a lower potato solid (less than 25% ), lower specific 

gravity, and higher moisture will produce finished potato chips with a lower yield and 

higher oil content (Gebhardt, 1996). Low oil absorption can result from higher oil 

temperature, short dwell time, and high specific gravity, low moisture containing potatoes 

(Gebhardt, 1996). Potato chips fried in oil excessively heated often have a raw texture in 

the center, although they look fully cooked on the outside, because high temperature tend 

to seal the exterior of the potato slices and prevent adequate cooking of the inner portion 

of the potato slices (Gebhardt, 1996). 

Potato slices rushed through the fryers are not given enough time to cook properly, 

which results in raw, undercooked potato chips with high moisture content (Gebhardt, 

1996). Non waxy potatoes with high specific gravity ( over 25% solid content) are ideal 

for commercial chipping, because they contain more solid, less moisture, and absorb less 

oil during frying. In addition, chip manufacturers prefer paying for more potato solid and 

less moisture than for more moisture potato with less solid (Gebhardt, 1996). Potato chips 

fried in oil excessively heated often have a raw texture in the center, although they look 

fully cooked on the outside, because high temperature tend to seal the exterior of the 

potato slices and prevent adequate cooking of the inner portion of the potato slices 

(Gebhardt, 1996). 
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Potato slices rushed through the fryers are not given enough time to cook properly, which 

results in raw, undercooked potato chips with high moisture content (Gebhardt, 1996). 

Non waxy potatoes with high specific gravity ( over 25% solid content) are ideal for 

commercial chipping, because they contain more solid, less moisture, and absorb less oil 

during frying. 

The selection of frying oils in commercial chipping is a costly driven operation. 

However, oils are also selected on the basis of the impact that they will have on the 

flavor, texture, appearance of the finished product, its stability during storage, and 

its shelf-life. The nutritional quality of the oil is more and more being considered, 

considering the fact that consumers are increasingly aware of the health effects of fatty 

acids, particularly saturated and trans fatty acids (Gebhardt, 1996). Common oils 

used in the production of potato chips are liquid cottonseed oil, partially hydrogenated 

soybean/cottonseed blends, peanut and com oils (Gebhardt, 1996). The finished 

potato chip should meet the following quality control points: moisture: 1 %; oil: 30-40%; 

salt: 15%; seasoning: 6-8% (Gebhardt, 1996). 
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CHAPTER III 

MATERIALS AND METHODS 

Materials 

High Oleic Low Linolenic Canola oil (HOLLCA), developed by Dow AgroSciences 

LLC (Indianapolis, IN), and sold under the commercial name of Nutra-Clear Elite Deep 

Frying Oil, was purchased from Bunge North America, Inc (St. Louis, MO). Non 

hydrogenated cottonseed Oil (CSO), which is sold by the manufacturer under the name 

of Plainsman Cotton Oil, was obtained from Pyco Industries, Inc. (Lubbock, TX). The 

two oils, namely HOLLCO and CSO, were blended in a ratio of 3: 1 and 1: 1 3-7 days 

before the start of each trial. Fresh Russet Burbank potatoes USDA ID-34 grown in Idaho 

were brought from Hardie's Fruit & Vegetables, Co., LP. (Dallas, TX), and stored at 

70°F for 1-2 weeks before being used. Potato slicer/Food processor CL 30 Series A was 

purchased from Robot Coupe USA, Jackson, MS. Countertop fryers Wells Model F-49 

with an oil capacity of 15 pounds were obtained from Wells Manufacturing (Woodstock, 

IL). Food oil monitor FOM 310 developed by Ebro Electronic GmbH & Co. (lngolstadt, 

Gennany), was purchased from Dresser Instruments (Stratford, CT). Foil laminated bags 

were purchased from U.S. Box Corp. (Newark, NJ). Sodium bisulfite and chemicals used 

for analysis of oil during frying and after storage were ordered from Fisher Scientific, 

(Hampton, NH) 
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Sodium bisulfite used for the last trial was purchased from Sigma-Aldrich (St. Louis, 

MO). The spectrophotometer Genesys TM 10 Series used for oil and flavor analyses was 

purchased from Thermo Electron Corporation (Madison, WI). All chemical reagents used 

were of analytical reagent grade. 

Potato Chip Production and Storage 

Two gallons oil/blend was initially placed in one of four electric countertop fryers. 

Raw potatoes were first washed, then peeled manually, and sliced into 1 mm thick slices 

using a food processor Robot Coupe CL 30 series A were washed afterwards in warm 

water (95°P) several times to remove surface starch, dipped for 2 minutes in 0.50% 

solution of sodium bisulfite at 210 °P, blotted with paper towels, and fried (230g/batch) 

for 2 minutes at temperatures ranging from 374 °P (inlet) to 367 °F (outlet). The baskets 

of fried potato chips were shaken for 1.5 minutes at the completion of the frying process 

to remove the excess oil remaining on the surface of potato chips. Make-up oil was added 

to each fryer after 5 and 10 hours of frying. Potato chips were collected for each 

treatment at the start of the frying process and after 5, 10, 15 of frying, before the 

addition of makeup oil or blend. The chips were allowed to drain afterwards for 2-3 

minutes, and then transferred into a stainless food container. Potato chips that had still 

visible excess oil on the surface were blotted again with paper towels before being 

transferred into the food container. One portion of potato chips was packed into 1-2 

gallon size storage bags. 
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The bags were then zipper sealed, and stored in a freezer (-10 °F) until used as fresh 

samples during sensory evaluation sessions. Another portion of potato chips was placed 

in metalized foil bags (U.S. Corp. Newark, NJ), zipper sealed, stored at ambient 

conditions (71 °F) for 4 months, which included 2 months of simulated household 

storage with minimal light exposure and 2 months of storage in simulated grocery store 

conditions with continuous light exposure. The process was conducted in the Product 

Development Laboratory at Texas Woman's University, Denton, TX. Potato chips were 

fried intermittently, one batch every 10 minutes for 3 consecutive days and a total frying 

time of 15 hours. 

Chemical and Instrumental Analyses 

Fatty acid profiles of the initial oils and blends were determined by gas 

chromatography analysis (AOCS method Ce 1-62) of methylated samples, using a 

Hewlett-Packard HP 6890 GC (Wilmington, DE) equipped with a fused silica capillary 

column 50.0 m x i.d. 220.00 µm (Sulpelco Inc, Bellefonte, PA), HP 7683 autosampler, a 

front flame-ionization detector (FID) operating at 225 °C, and a back electron-capture 

detector (ECD) set at 250 °C. Samples were run in triplicate. Fatty acids were methylated 

according to AOCS method Ce-66. Column temperature was programmed from 180 to 

280 °Cat a rate of 1 °C/min. The injection and detection port temperatures were both 

250 °C. Nitrogen was used as the carrier gas, it was flowing at a rate of 1.0 mL/mm at 

34.96 psi. Fatty acids were identified by matching their retention times with those of 

standard methlated fatty acids. 
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The quality of each oil and blend was monitored during the frying process by 

measuring Free fatty Acids (AOCS method Cd 3a-94), p-Anisidine values (AOCS 

method Cd 18-90) and Polar Materials. Polar materials were measured using the Food Oil 

Monitor FOM 310 ( ebro Electronic, Ingolstadt, Germany). The extent of oil oxidation 

and flavor quality of each oil and blend were objectively determined by measuring p

Anisidine and thiobarbituric acid (AOCS method Cd 19-90) values of oils extracted from 

potato chips at the end of the storage. Lipid extraction from potato chips was conducted 

by expeller pressing method using Carver press Model 34379 (Fred S. Carver Inc, 

Washabi, IN). 

Sensory Evaluation 

A 12- member untrained but experienced panel consisting of students, faculty and 

staff of Texas Woman's University evaluated the quality of the fried flavor, the intensity 

of off-flavors, as well as the overall likeability of fried potato chips before and after 

storage. A 9-point hedonic scale was be used to score the different sensory attributes 

with 0=no intensity, or dislike extremely, and 9=strong flavor intensity, or like extremely. 

Chip samples were removed from frozen storage (0°F) 2 hours before testing begins and 

allowed to reach ambient temperature before being used. 

Statistical Analysis 

Sensory data were analyzed with Analysis of Variances (ANOVA), Turkey test, 

using SPSS statistical software (SPSS 17.0 for Windows, SPSS Inc, Chicago, IL). 
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The peroxide and anisidine values, as well as free fatty acid and total polar materials 

contents of the frying media and chips will be analyzed as functions of the treatment and 

storage time. Statistical significance was expressed at p value ~ 0.05 level. A p value of 

0.05 or less will be considered significant at 95% confidence level. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Fatty Acid Composition 

The fatty acid profile of the oils used shows that the oleic acid content of High oleic 

Low linolenic canola oil (HOLLCA) ranges from 73.73 % to 73.75 %, which is 

significantly higher than that non hydrogenated cottonseed oil (19.30 % -19.93%; Figures 

1 & 2). The fatty acid profile of the oils also shows that the linoleic acid content of 

HOLLCA ranges from 15.92 % to 16.57 %, which is significantly lower than that of non 

hydrogenated cottonseed oil (55.29%-56.30%). The fatty acid composition of the blends 

shows that adding non hydrogenated cottonseed oil to HOLLCA reduces the level of 

oleic acid from 73.75 % to 61.85%-64.19 % when non hydrogenated cottonseed oil is 

added to HOLLCA in a 1 :3 ratio, and from 73.75% to 47.54-47.59% when non 

hydrogenated cottonseed oil is added to HOLLCA in a 1: 1 ratio (Figures 3, 4 & 4). The 

fatty acid composition of the blends shows that adding non hydrogenated cottonseed oil 

to HOLL reduces the level of oleic acid from 73.75% to 61.85%-64.19 % when non 

hydrogenated cottonseed oil is added to HOLLCA in a 1:3 ratio, and from 73.75 % to 

47.54 %- 47.59 % when non hydrogenated cottonseed oil is added to HOLLCA in a 1 :1 

ratio (Figures 3, 4, 5). 
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Figure 1. Fatty acid profile of fresh high oleic low linolenic canola oil (HOLLCA). 
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Figure 2. Fatty acid profile of fresh non hydrogenated cottonseed oil (CSO). 
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Figure 3. Fatty acid profile of fresh 75-25 HOLLCA-CSO blend. 
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Figure 4. Fatty acid profile of fresh 50-50 HOLLCA-CSO blend. 
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Figure 7. Fatty acid profile of HOLLCA in stored potato chips. 
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Figure 8. Fatty acid profile of CSO in stored potato chips. 
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Figure 9. Fatty acid profile of 75-25 HOLLCA-CSO blend in stored potato chips. 
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Figure 10. Fatty acid profile of 50-50 HOLLCA-CSO blend in stored potato chips. 
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Table 2 

Fatty Acid Profile of Oils and Blends (%) 

16:0 18:0 18: 1 18:2 18:3 Others 

Fresh HOLLCA 3.47 1.60 73.75 16.37 1.51 3.30 
After 4 months storage 3.37 1.61 73.59 16.26 1.52 3.65 
Fresh CSO 18.70 2.79 19.30 56.30 0.14 2.77 
After 4 months storage 18.52 2.78 18.60 56.44 0.16 3.50 
Fresh 75-25 blend 7.94 1.85 63.09 25.75 1.35 0.02 
After 4 months storage 7.11 1.91 60.06 26.43 1.18 3.31 
Fresh 50-50 blend 11.37 2.23 47.54 36.00 0.82 1.95 
After 4 months storage 10.70 2.18 47.06 35.92 0.86 3.28 

Initial Oil Quality 

The different chemical analyses of the oils show that the frying oils were initially of 

good quality. The free fatty acid (FFA) at Oh of frying was 0.030 for non hydrogenated 

cottonseed oil (CSO), 0.033% for High oleic low linolenic canola oil (HOLLCA), 

0.038% for the 50-50 blend of the two oils, 0.045% for the 75-25 blend (Table 3). The p

Anisidine value (p-Av) of the oils at the time was 1.81 for HOLLCA, compared to 3.21 

for CSO 2.26 for the 50-50 blend and 1.86 for the 75-25 blend. Meanwhile, the polar 

material content of the oils after 1 h of frying were 0% for HOLLCA, compared to 8.67% 

for CSO, 3.0% for the 75-25 blend, and 5.0% for the 50-50 blend. After 15 h of frying, 

FFA ofHOLLCA had rose to 1.19%, compared to 1.44% for CSO and the 50-50 blend of 

the two oils, and 1.33% for the 75-25 blend (Table 3). 
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The levels of FFA were significantly higher than those reported by Warner, Orr, Parrot, 

and Glynn, as well as several other authors (Melton et al., 1993; Warner et al., 1994; 

Warner & Gupta, 2005). After 10 hours of frying, the amounts of FF A in the frying oils 

were over 0.5%, the reported point at which oil can no longer be used for chipping 

(Melton et al., 1993). The increase in the levels of FF A may have resulted from high 

high moisture content of potato slices which were only towel blotted before being fried, 

and probably also by higher food to oil ratios. The rate of accumulation of FF A in 

HOLLCA and the 75-25 blend was approximately 0.08% per hour of frying, compared to 

0.09% for CSO and the 50-50 blend. The p-Av ofHOLLCA after 15 h of frying was 

16.15, compared to 23.74 for CSO, 21.97 for the 75-25 blend of the two oils, and 18.92 

for the 50-50 blend (Table 3). The polar material content in the meantime was 11.08% for 

HOLLCA, 25.0 for CSO, 12.8% for the 75-25 blend, and 19.2% for the 50-50 blend. It 

has been determined that unsaturated fatty acids are more susceptible to oxygen attack 

during thermal oxidation than saturated ones (Warner & Mounts, 1993). Therefore, oils 

with significant amounts of unsaturated fatty acids can only be expected to have higher 

polar materials contents during frying than with less unsaturated fatty acids. 
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Table 3. 

Free Fatty Acid, Para-Anisidine Value and Polar Materials of Oils During Frying 

Frying Time (Hr) HOLLCA cso 75-25 blend 50-50 blend 

Free Fatty Acids (% oleic) 

0 0.033 0.030 0.045 0.038 
5 0.360 0.430 0.450 0.430 
10 0.740 1.010 0.860 0.920 
15 1.190 1.430 1.320 1.410 

p-Anisidine value 

0 1.81 3.21 1.86 2.26 
5 11 .55 14.40 12.20 11.46 
10 15.71 22.20 18.98 17.28 
15 16.15 23.74 21.97 18.92 

Total Polar Materials(%) 

1 0.00 8.67 3.00 5.00 
5 2.50 12.50 8.50 10.92 
10 8.08 19.90 11.08 13.42 
15 11.08 25.00 12.80 19.20 

Flavor Quality of Potato Chips 

The evaluation of potato chips by the panel with regard to the color shows that potato 

chips fried in high oleic low linolenic canola Oil (HOLLCA) were initially found to 

have a lighter and more desirable color than those fried in cottonseed oil (CSO) as well as 

75-25 and 50-50 HOLLCA-CSO blends, with a color score of 5.89 (1 =too dark, 9=very 

light), compared to 5.04 for CSO fried chips, 5.18 for 75-25 blend fried chips and 5.30 

for 50-50 blend fried chips (Figure 11 ). 
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However, after 3-4 hours of frying, high olec low linolenic canola oil (HOLLCA 

began to darken rapidly, leading to a decrease in the color lightness of HOLLCA fried 

chips. At 5 h of frying, the color score ofHOLLCA fried chips was 3.89, compared to 

5.00 for potato chips fried in cottonseed oil (CSO), 4.63 for potato chips fried in 

75-25 HOLLCA-CSO blend, and 4.81 for those fried in 50-50 HOLLCA-CSO blend 

(Figure 11). At 10 h of frying, HOOLCA fried chips had a color score of3 .70, compared 

to 4.78 for CSO fried chips, 4.15 for chips fried in 75-25 HOLLCA-CSO blend, and 4.41 

for those fried in 50-50 blend (Figure 11 ). Statistical analysis of color scores shows that 

panelists did not detect any significant difference in the color and appearance of potato 

chips based on oil type at Oh of frying (p.>0.05). However, at 5 h of frying, a significant 

difference was detected between HOLLCA and CSO fried chips (p<0.05), and adding 

CSO to HOLLCA in 1: 1 ratio significantly (p<0.05) increases the color score and 

appearance of potato chips (Appendix F). At 10 h of frying, the accumulation of food 

pigments leached into the frying oils, combined with an advanced stage of oxidative 

deterioration of the frying media leads to a decrease in the color lightness of the various 

oils and their products. A significant difference (p<0.05) in the color of 10 h fried chips 

was detected only between HOLLCA and CSO fried chips (Appendix F). Storage at 

ambient temperatures (71 °F) and under light does not appear to affect the color and 

appearance of potato chips, as only insignificant changes are reported in the rating of the 

color lightness (Figure 12). 
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The results are similar to those reported by Hawrysh and coworkers ( 1996), who 

stated that a 8-member, experienced and intensively trained panel, found no significant 

difference in color intensity of potato chips fried in canola, partially hydrogenated canola, 

soybean and cottonseed oils after storage in modified Schaal Oven ( 60 ° C) for 6 and 12 

days, or in the dark at ambient temperature (23 °C) for 18 weeks. Pangloli and coworkers 

(2002) also report that the color lightness scores of almost all potato chips in their study 

did not change significantly during 6-wk storage in the dark or under fluorescent light. 

The evaluation of potato chips also shows that the fried flavor tended to improve as the 

frying proceeded and that potato chips fried after the oil has already been for several 

hours tended to have higher fried flavor than those fried in fresh oils (Figures 13 & 14). 

The increase in flavor quality of potato chips fried in reused but not abused oils is 

probably due to the low level of 2,4-decadienal and other volatile compounds responsible 

for the fried flavor at the beginning of the frying process, and their increase in the frying 

media as the frying proceed. Similar results were reported by Warner and coworkers 

(1994) who found that chips fried in oil used for 3 or 6 h had higher flavor quality than 

those fried in fresh oil. However, the increase in flavor quality appear to be limited as 

flavor scores begin to decline after reaching a peak (Figures 13 & 14 ). Similar 

fluctuations in the flavor quality were reported by Warner et al. (1994) 

who found that the initial low quality of potato chips fried in fresh oils was followed by 

an increase in quality for 3-h chips and a decrease in scores at the beginning of frying on 

day 2 (Warner et al., 1994). 
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Potato chips fried in cottonseed oil (CSO) were found to have the highest fried flavor 

of all potato chips at 0 and 10 h of frying with a score of 4.81 at Oh of frying, compared 

to 4.41 for potato chips fried in high oleic low linolenic canola oil (HOLLCA), 4.30 

for those fried in the 50-50 HOLLCA-CSO blend and 4.59 for those fried in the 75-25 

HOLLCA-CSO blend (Figure 13). At 5 h of frying, CSO fried chips had a score of 5.15, 

compared to 5.37 for HOLLCA fried chips, 4.85 for 50-50 HOLLCA-CSO fried chips 

and 4.33 for 75-25 HOLLCA-CSO fried chips (Figure 13). At 10 h of frying, CSO fried 

chips had a fried flavor score of 4.89, compared to 4.33 for HOLLCA fried chips, 4.41 

for 50-50 HOLLCA-CSO fried chips and 4.88 for 75-25 HOLLCA-CSO fried chips 

(Figure 16). After 4 months of storage at ambient temperature (71 °F) in packaging 

material similar to the metalized foil bags used in the chipping industry, CSO fried chips 

collected at Oh of frying had a fried flavor score of 5.78, compared to 5.00 for HOLLCA 

fried chips, 4.92 for 50-50 HOLLCA-CSO fried chips and 5.21 for 75-25 HOLLCA-CSO 

fried chips (Figure 13). Potato chips fried in CSO and collected at 5 h of frying had the 

lowest fried flavor score ( 4.89) after 4 months of storage at ambient temperature, 

compared to 5.63 for HOLLCA fried chips, 5.11 for 50-50 HOLLCA-CSO fried chips, 

and 5.37 for 75-25 HOLLCA-CSO fried chips (Figure 14). Potato chips fried in both 

CSO and HOLLCA and collected at 10 h of frying received a fried flavor score of 4.92 

after 4 months of storage at 71 °F, compared to 5.15 for potato chips fried in 50-50 

50-50 HOLLCA-CSO blend, and 4.41 for those fried in 75-25 HOLLCA-CSO blend 

(Figure 14 ). 
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The evaluation of fresh potato chips with regard to the intensity of off-flavors shows 

that Potato chips fried in cottonseed oil (CSO) and collected at Oh of frying had the 

highest off-flavor score (4.74), compared to 4.70 for potato chips fried in high oleic low 

linolenic canola oil (HOLLCA), 4.26 for 50-50 HOLLCA-CSO fried chips and 4.64 

for 75-25 HOLLCA-CSO fried chips (Figure 15). At 5 h of frying, CSO fried chips 

had an ff-flavor score of 4.04, compared to 3.59 for HOLLCA fried chips, 4.33 for 50-50 

HOLLCA-CSO fried chips and 4.22 for 75-25 HOLLCA-CSO fried chips (Figure 15). 

At 10 h of frying, CSO fried chips had an off-flavor score of 4.07, compared to 3.89 for 

HOLLCA fried chips, 4.52 for 50-50 HOLLCA-CSO fried chips and 5.04 for 75-25 

HOLLCA-CSO fried chips (Figure 15). After 4 months of storage at 71 °F, CSO fried 

chips collected at Oh of frying had an off-flavor score of 3.30, compared to 3.33 for 

HOLLCA fried chips, 4.907 for 50-50 HOLLCA-CSO fried chips and 3.96 for 75-25 

HOLLCA-CSO fried chips (Figure 16). Potato chips fried in CSO and collected at 5 h of 

frying had an off-flavor score of 3.92 after 4 months of storage at ambient temperature, 

compared to 3.96 for HOLLCA fried chips, 3.22 for 50-50 HOLLCA-CSO fried chips, 

and 3.92 for 75-25 HOLLCA-CSO fried chips (Figure 16). Potato chips fried in CSO 

collected at 10 h of frying received the highest off-flavor score ( 4.52) after 4 moths of 

storage at 71 °F, compared to 4.37 for HOLLCA fried chips, 4.04 for potato chips fried in 

50-50 HOLLCA-CSO blend, and 4.74 for those fried in 75-25 HOLLCA-CSO blend 

(Figure 16). 
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Statistical analysis of fried flavor and off-flavor scores show however that the 

differences perceived by the panel are not significant at 95% confidence level. 

There was therefore no significant difference (p>0.05) between the fried flavor of potato 

chips collected at 0, 5 or IO h of frying and fried in non hydrogenated cottonseed oil CSO 

( 56.36% linoleic acid), high oleic low linolenic canola oil HOLLCA (16.37% linoleic 

acid), 75-25 HOLLCA-CSO blend (25.75% linoleic acid), 50-50 HOLLCA-CSO blend 

(36.00% linoleic acid), even though CSO fried chips had in most part a higher fried 

flavor score than HOLLCA fried chips (Figure 13). There was no significant (p>0.05) in 

the fried flavor of CSO and HOLLCA fried chips neither after 4 months of storage at 

71 ° F. The results are similar to those reported by Melton, Trigiano, Penfield, and Yang 

(1993) who conducted a study on the sensory flavor of chips fried in CSO ( 35.8% 

linoleic acid), partially hydrogenated canola oil PHCO (6.8% linoleic acid), 85-15 

PHCO:CSO blend (5.8% linoleic acid), and 70-30 PHCO-CSO (10.1 % linoleic acid). 

Sensory data obtained from 119 untrained panelists recruited among faculty, staff and 

students at The University of Tennessee in Knoxville showed no significant differences 

in the flavor and overall likability of potato chips . The authors suggested that the lack of 

significant differences in the flavor of potato chips was due to the lack of difference in 

the concentrations of pyrazines and heterocyclic volatiles such as 2-pentylfuran, 2-

furaldehyde and pyrrole between CSO and PHCO. 
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The study found that the level of dimethylpyrazine, 2,3-Dimethylpyrazine, 2-Ethyl-5-

methyl-pyrazine, 2-Ethyl-6-methyl-pyrazine, 2,3,5-Trimethyl-pyrazine, Pyrrole, 2,6-

Dimethyl-3-ethylpyrazine, 2,Ethyl-5,6-dimethylpyrazine, and 2-Furaldehyde was 

basically the same in CSO and PHCO fried chips (11 .4%, 2.4%, 2.2%, 3.5%, 4.1 %, 3.6%, 

0.6%, 1.2%, and 1.8% of volatile compounds in CSO fried chips, compared to 13.6%, 

1.9%, 2.6%, 3.2%, 3.9%, 3.0%, 0.5%, 1.3%, and 1.8% for PHCO fried chips, while CSO 

fried chips contained significantly higher level of t,t-2, 4-decadienal ( 16.4% of all 

isolated volatile compounds) than PHCO fried chips (7.68%; Melton et al., 1993). 

The results are also similar somehow those reported by Warner and Gupta (2005) after 

a 16-member analytical descriptive sensory panel, trained and experienced in evaluating 

fried foods, found no significant differences in the flavor quality of potato chips fried in 

1-1 HOSBO-LLSBO (28.8% linoleic acid) and those fried in LLSBO (55.4% linoleic 

acid) after 1,3, and 5 week of storage. At 3 and 5 weeks of storage, no significant 

differences were noted between potato chips fried at O time in cottonseed oil CSO ( 17. 7% 

oleic acid, 52.2% linoleic acid), high oleic soybean oil HOSBO (85.1 % oleic acid, 1.3% 

linoleic acid), low linolenic soybean oil LLSBO (26.1 % oleic acid, 55.4% linoleic 

acid), andl-1 HOSBO-LLSBO blend (55.5% oleic acid, 28.8% linoleic acid). After 

7 week of storage, potato chips fried in 1-1 HOSBO-LLSBO (28.8% linoleic acid) had 

even higher flavor quality than LLSBO fried chips (55.4% linoleic acid). Potato chips • 

fried in 5 and 25 h oils showed no significant differences based on oil type. 
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The findings appear to be similar also to those reported by Hawryshi et al. ( 1996) 

after a statistical analysis of sensory data obtained from a 8-member experienced 

and intensively trained panel found no difference in the characteristic potato chip flavor 

of potato chips fried in cottonseed CSO (53.7 linoleic acid), partially hydrogenated 

canola oil PHCO (10.2% linoleic) and hidden reference (canola oil) HR (20.4 % linoleic 

acid) after 18 weeks of storage in the dark at ambient temperature (73 °F). Pangloli and 

cocolleagues (2002) also report that a 26-member, untrained but experienced panel found 

no significant difference in the scores of characteristic potato chip flavor between chips 

fried in sunflower oil (66.47% linoleic acid) and those fried in 40:60 blend of palm olein 

and sunflower oils ( 44.43% linoleic acid). 

Similarly, statistical analysis of off-flavor scores shows no significant difference 

(p>0.05) in the intensity of off-flavor between potato chips collected at 0, 5 or 10 h of 

frying and fried in non hydrogenated cottonseed oil CSO ( 19.30% oleic acid), high oleic 

low linolenic canola oil HOLLCA (73.75% oleic acid), acid), 75-25 HOLLCA-CSO 

blend (64.19% oleic acid) and 50-50 HOLLCA-CSO blend (47.54% oleic acid), before 

and after 4 months of storage at 71 °F. The results are similar to those reported by Melton 

and colleagues (1993) after analyzing sensory data obtained from 119-member panel. 

Statistical analyses of sensory scores showed no significant difference the flavor 

likability of potato chips fried in CSO (31.4% oleic acid), partially hydrogenated canola 

oil PHCO (75.7% oleic acid), 85-15 PHCO-CSO blend (71.6% oleic acid), and 70-30 

PHCO-CSO (66.3% oleic acid). 
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Similar results were reported by Hawryshi et al. ( 1996) after analyzing sensory data 

obtained from a 8-member intensively trained panel. Panelists found that potato chips 

fried in partially hydrogenated canola oil PHCO (75.8% oleic acid), canola oil 

(60.3% oleic acid) and soybean oil (25.1 % oleic acid) had the same off-flavor intensity 

after 6 days of storage in modified Schaal oven (140 °F). In contrast, Warner et al. (1994) 

report that a 15- member trained and experienced analytical panel found a significant 

difference in the intensity of waxy off-flavor between chips fried in unmodified canola 

oil CAO (61.9% oleic acid), hydrogenated canola oil (16.7% oleic acid), modified canola 

oils IMC 01-4.5 (64.2% oleic acid), IMC 01-3 (66.8% oleic acid), IMC129 (78.3% oleic 

acid), and 75:25 IMC 01-4.5: IMC 129 (68.4% oleic acid). The panel found that in chips 

fried in oils other than hydrogenated canola oil, the waxy flavor changed significantly 

along with the increases in oleic acid and that oleic acid contributed to a waxy off-flavor 

that negatively affected potato chip quality. 

The unexpected lack of significant differences in the fried flavor of potato chips may 

be resulting from a subsequent degradation of t,t-2,4-decadienal (Ho & Chen, 1994). 

It has been reported that t,t-2,4-decadienal, considered to be the volatile most responsible 

for the pleasant fried flavor of foods by many authors, can further convert to a number of 

compounds, including 2-octenal and hexanal. The lack of significant differences in the 

fried flavor of potato chips may also be due to the presence of significant amounts of 

t,t-2,4-heptadienal and c,t-2,4-heptadienal in HOOLCA fried chips. 
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These compounds, which are among the major volatiles originating from the oxidation of 

linolenic acid and are often found in fresh and aged canola oil, have been reported as 

having odors described as fatty, putty, and deep-fried (Ho & Chen, 1994). 

The unexpected lack of significant differences in the intensity of off-flavors between 

fried potato chips may be due to the fact that oleic acid is less susceptible to oxygen 

attack during thermal oxidation than linoleic acid. Consequently, the amount of heptanal, 

octanal and nonanal released by the breakdown of oleic acid in High Oleic Low Linolenic 

Canola oil (HOLLCA) is less than that ofhexanal released by the oxidation oflinoleic 

acid. Since cottonseed oil (CSO) used contains much more linoleic acid (56.30%) than 

HOLLCA (16.37%), it is quite possible that heated CSO contained more hexanal than 

heated HOLLCA. It has been reported that hexanal, heptanal, nonanal and 2-decenal have 

distinctive off-odors in olfactometry analyses of heated oils. It may also be resulting from 

the presence of a significant amount of hexanal originating from a subsequent 

degradation oft,t-2,4-decadienal in CSO fried chips (Ho & Chen, 1994). 

Overall, the panel rated fresh O h HOLLCA fried chips as the most liked, with an overall 

likeability score of 5.18, compared to 4.85 for CSO fired chips, 5.07 for those fried in 

50-50 HOLLCA-CSO blend and 4.92 for those fried in 75-25 HOLLCA-CSO blend 

(Figure 19). At 5 h of frying however, potato chips fried in CSO were the most liked 

with an overall likeability score of 5.26, compared to 4.07 for HOLLCA fried chips, 

5.18 for potato chips fried in 50-50 blend and 5.15 for those fried in 75-25 blend 

(Figure 19). 
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At 10 h of frying, potato chips fried in cottonseed oil CSO are still the most liked overall, 

with an overall likeability score of 4.96, compared to 3. 78 for those fried in high oleic 

low linolenic canola oil (HOLLCA), 4.85 for potato chips fried in 50-50 HOLLCA-

CSO blend and 4.92 for those fried in 75-25 blend (Figure 19). After 4 months of storage 

at 71 °F, HOLLCA fried chips sampled at Oh of frying were still the most liked with an 

overall likeability score of 5.11, compared to 4.63 for CSO fried chips, 4.89 for potato 

chips fried in 50-50 blend and 4.85 for those fried in 75-25 blend (Figure 20). Among 

potato chips sampled after 5 and 10 h of frying and stored at 71 °F, those fried in 75-25 

blend were liked the most with an overall likeability score of 5.11 (5 h-frying), compared 

to 3.89 for CSO fried chips, 4.04 for HOLLCA fried chips and 4.96 for potato chips fried 

in 50-50 blend (Figure 20). Similarly, among potato chips sampled after 5 and 10 h of 

frying and stored at 71 °F, those fried in 75-25 had an overall likeability score of 4.70, 

compared to 3.78 for CSO fried chips, 3.67 for HOLLCA fried chips and 4.63 for potato 

chips fried in 50-50 blend (Figure 20). Statistical analysis shows no significant difference 

(p>0.05) in the overall likeability of potato chips sampled at Oh of frying based on the 

fatty acid profile, before and after storage. The addition of cottonseed oil to high oleic 

low linolenic canola oil has no significant effect on the overall likeability of potato 

chips at the start of the frying process, when both oils are still fresh. Statistical analysis 

shows that potato chips fried in HOLLCA and sampled at 5 h of frying are significantly 

different (p<0.05), from the overall likeability standpoint, from those fried in HOLLCA

CSO blends in fresh samples (Appendix F). 
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The addition of cottonseed oil to high oleic low linolenic canola oil (HOLLCA) appears 

to have a significant effect on the overall likeability of potato chips when potato chips 

are sampled after 5 h of frying. After 10 h of frying, the overall likeability of HOLLCA 

fried chips significantly differ from that of potato chips fried in 75-25 HOLLCA-CSO 

blend (p<0.05). After storage at ambient temperature, HOLLCA fried chips sampled at 

5 and 10 h frying significantly differ, from an overall likeability standpoint, from those 

fried in 75-25 blend (p<0.05) (Appendix F). 

The results are similar to those reported by W amer et al. ( 1994) who found that 

potato chips fried in a blend (IMC 01-4.5/129) containing 68.4 % oleic acid and 

19. 7% linoleic acid) had higher overall quality score than those fried in hydrogenated 

canola oil (57.4% oleic acid, 11.3% linoleic acid, canola oil (61.9% oleic acid, 20.6% 

linoleic acid), modified canola oil IMC 01-4.5 (64.25% oleic acid, 23.6% linoleic acid), 

modified canola oil IMC O 1-3 ( 66.8% oleic acid, 21.3 linoleic acid), or modified canola 

oil IMC 129 (78.3% oleic acid, 8.5% linoleic acid). The authors concluded that 

the overall quality scores of potato chips are maximum when the frying oil contains 

moderate levels of oleic acid of approximately 68% and low-moderate levels of linoleic 

acid of approximately 20%, higher level of oleic or linoleic acid leading to a decrease of 

the overall quality of the product. 
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Figure 11. Color score of fresh potato chips. 
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Figure 12. Color score of stored potato chips. 
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Figure 13. Fried flavor scores of fresh potato chips. 
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Figure 14. Fried flavor scores of stored potato chips. 
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Figure 15. Off-flavor scores of fresh potato chips. 

0 Hr 5 Hr 10 Hr 

FrvinQ Time 
Figure 16. Off-flavor scores of stored potato chips. 

95 

~cso 
■ HOLLCA 

D 50-50 
• I ;'□ 75-25 



TBA value 

TBA value 

0.045 

0.04 

0.035 

0.03 

0.025 ,, 

0.02 

0.015 

0.01 

0.005 

0 
0 Hr 5 Hr 10 Hr 15 Hr 

Frying Time 

Figure 17. TBA value of oils in fresh potato chips. 
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Figure 18. TBA value of oils in stored potato chips. 
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Flavor Stability During Storage 

The extend of the decrease in the overall likeability scores as well as the increase in 

TBA values of potato chips after 4 months of storage were used to evaluate the stability 

of potato chip flavor during storage. Sensory data obtained from the panel indicated that 

after 4 months of storage at 71 °F, the overall likeability of potato chips fried in 75-25 

HOLLCA-CSO decreased by 1.42%, 0.78, and 4.47%, when sampled at 0, 5 and 10 h of 

frying, compared to 3.55%, 4.25%, and 4.54% for those fried in 50-50 HOLLCA-CSO 

blend sampled at 0, 5, and 10 h of frying (Table 4). With the exception of potato chips 

sampled at 0 h of frying, TBA value changed during storage less in potato chips fried in 

75-25 HOLLCA-CSO blend than in those fried in 50-50 blend. TBA values of potato 

chips fried in 75-25 blend and sampled at Oh of frying increased by 112% after 4 months 

of storage, compared to 9 .09% for those fried in 50-50 blend (Table 5). TBA values of 

potato chips sampled at 5 h of frying and fried in 75-25 blend increased only by 15.38% 

after 4 months of storage, compared to 82.35% for those fried in 50-50 blend (Table 5). 

Potato chips sampled at 10 h of frying and fried in 75-25 blend had their TBA value 

increased during storage by 4.17%, whereas those sampled at 10 h of frying but fried in 

50-50 blend had their TBA value decreased by 30.0% (Table 5). After 15 h of frying, the 

TBA value of potato chips fried in 75-25 blend decreased by 14.63% during storage, 

compared to 31.82% for those fried in 50-50 blend (Table 5). It appears that adding 

cottonseed oil to high oleic low linolenic canola oil in 1 :3 ratio leads to less 

fluctuations of the overall quality and TBA values than its addition in 1: 1 ratio. 
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Table 4 

Change in Overall Likeability of Potato Chips During Storage 

Frying oil 

0H HOLLCA 
0H CSO 
0 H 75-25 blend 
0 H 50-50 blend 
5 H HOLLCA 
5 HCSO 
5 H 75-25 blend 
5 H 50-50 blend 
10 H HOLLCA 
10 H CSO 
10 H 75-25 
10 H 50-50 

5.3 

5.2 

5.1 
> 5 ~ :.c 4.9 11' 
(1' 
.x 

4.8 :::i 

n, 4.7 ,._ 
(1' 
:> 4.6 0 

4.5 

4.4 

4.3 

OH 

Fresh 

5.15 
4.82 
4.92 
5.07 
4.07 
5.26 
5.15 
5.18 
3.78 
4.98 
4.92 
4.85 

SH 10 H 

Frying Time 

Stored 

5.11 
4.63 
4.85 
4.89 
4.04 
3.89 
5.11 
4.96 
3.67 
3.78 
4.70 
4.63 

--+-50-50 F 

---50-50S 

75-25 F 

- 75-25S 

Change(%) 

- 0.78 
- 4.54 
- 1.42 
- 3.55 
- 0.74 

- 26.04 
- 0.78 
- 4.25 
- 2.91 

- 23.79 
- 4.47 
- 4.54 

Figure 21 . Change in overall likeability of potato chips fried in HOLLCA-CSO 
blends. 

99 



Table 5 

Change in TBA Value of Oils from Potato Chips During Storage 

Frying oil 

0 HHOLLCA 
0HCSO 
0 H 75-25 blend 
0 H 50-50 blend 
5 H HOLLCA 
5 HCSO 
5 H 75-25 blend 
5 H 50-50 blend 
10 H HOLLCA 
10 H CSO 
10 H 75-25 
10 H 50-50 
15 H HOLLCA 
15 H CSO 
15H 75-25 
15 H 50-50 

C1I 
.2 

0.05 

0.045 

0.04 

0 .035 

0.03 
n, 
> 0.025 
<t 
~ 0.02 

0 .015 

0.01 

0.005 

0 

OH SH 

Fresh 

0.022 
0.027 
0.016 
0.022 
0.032 
0.400 
0.026 
0.017 
0.022 
0.028 
0.024 
0.040 
0.035 
0.037 
0.041 
0.044 

l OH 

Frying Time 

15 H 

Stored 

0.051 
0.040 
0.034 
0.024 
0.022 
0.069 
0.030 
0.031 
0.026 
0.044 
0.025 
0.028 
0.030 
0.045 
0.035 
0.030 

--+- 50-50 F 

---50-50S 

75-25 F 

- 75-25 S 

Change(%) 

+ 132.000 
+48.100 

+ 112.000 
+ 9.090 

+ 31.250 
+ 72.000 
+ 15.380 
+ 82.350 
+ 18.180 
+57.140 

+ 4.170 
+ 30.000 
+ 14.280 
+ 21.620 
- 14.630 
- 31.820 

Figure 22. Change in TBA value of potato chips fried in HOLLCA-CSO blends. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

Summary 

The study intended to evaluate the impact of adding non hydrogenated cottonseed oil 

(CSO) to the healthier High Oleic Low Linolenic canola Oil (HOLLCA) on the flavor 

quality and stability of fried potato chips. It has been reported that the compound most 

responsible for the desirable fried flavor of fried products, namely t,t, 2,4-decadienal, 

originates from the oxidation of linoleic acid (Pangloli et al., 2002, Melton et al., 1993; 

•' 

Warner et al., 1994; Warner, 2002). A study on the effects of frying oil composition on 

potato chip stability (Warner et al., 1994) also found that oleic acid contributes to a waxy 

off-flavor that negatively affects potato chip quality and that potato chips with the best 

flavor quality and stability are fried in a medium containing moderate amounts of oleic 

acid of approximately 68% and low-moderate amounts of linoleic acid of approximately 

20%. To reach our goal, we ordered Russet Burbank potatoes from a local vegetable 

distributor ( Hardie's), peeled them manually, sliced them into 1 mm thick potato slices 

with a vegetable food processor CL 30 series (Robot Coupe U.S.A ), and blanched them 

in a 0.50% sodium bisulfite solution heated at 210 °F for 2 minutes to prevent the 

darkening caused by high levels of reducing sugars. 
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Blanched potato slices were then blotted with paper towels, and fried in 4 different oils, 

namely high-oleic low-linolenic canola oil (HOLLCA) (Bunge, St Louis, MO), non 

hydrogenated cottonseed oil (CSO) (Pyco Industries, Lubbock, TX), 75-25 HOLLCA

CSO blend and 50-50 HOLLCA-CSO blend. A chromatographic determination of fatty 

acid profile indicates that HOLLCA used contains approximately 73.75% oleic acid, 

16.37% linoleic acid, compared to 19.30 and 56.30 for CSO, 64.19% and 25.75% for 

75-25 HOLLCA-CSO blend, 47.54%, and 36.00% for 50-50 HOLLCA-CSO blend. 

Potato slices were fried for 2 minutes at temperatures ranging from 374 °F (inlet) 

to 367 °F ( outlet), and a total frying time of 15 hours. Oil and potato chip samples were 

collected at 0, 5, 10 and 15 hour of frying for analysis. One portion of potato chip 

sampled were kept in gallon size freezer bags and used as fresh samples during sensory 

evaluation. The other portion of potato chips sampled were put in zipper sealed aluminum 

foil bags, and stored at ambient temperature (71 °F) for 4 months, which included 2 

months of storage under light. Statistical analysis of data obtained from chemical 

analyses of the frying oils shows that the addition of CSO to HOLLCA did not result 

in any significant change (p>0.05) in FFA, pAV, or total polar material content. 

Statistical analysis of sensory data shows no significant difference (p>0.05) in the fried 

flavor and the intensity of off-flavors of potato chips fried in HOLLCA before and after 

the addition of CSO. No significant difference (p>0.005) was found in the fried flavor 

and the intensity of off-flavors of potato chips fried in HOLLCA and those fried in 

HOLLCA-CSO blends after 4 months of storage at ambient temperature (71 °F). 
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However, statistical analysis of color and overall likeability scores shows that adding 

CSO to HOLLCA significantly (p<0.05) improves the color off potato chips after few 

hours of frying, as HOLLCA begins to darken and linoleic acid begins to oxidize, 

releasing more and more t,t, 2,4-decadienal (Appendix F). There was a significant 

difference (p<0.05) in the color score of potato chips sampled at 5 h of frying and fried in 

HOLLCA before and after the addition of cottonseed oil CSO in 1: 1 ratio. The addition 

of CSO in 1 :3 ratio did not result in a significance difference in color of fresh potato 

chips after 5 h of frying. The addition of CSO to HOLLCA shows no significant 

difference (p>0.05) in the color score of potato chips fried in HOLLCA and those fried in 

HOLLCA-CSO blends after 10 h of frying, although potato chips fried in CSO had 

significantly higher color score (p>0.05) after 10 h of frying than those fried in HOLLCA 

and sampled at the same time. After 4 months of storage at 71 ° F, the color score of 

potato chips sampled at 5 h of frying and fried in 50-50 HOLLCA-CSO blend was still 

significantly higher (p<0.05) than that of potato chips fried in HOLLCA alone. 

There was no significant change (p>0.05) in color score of potato chips sampled at 5 h of 

frying and fried in 75-25 HOLLCA-CSO blend after 4 months of storage. Similarly, 

statistical analysis did not show a significant difference (p<0.05) after 4 months of 

storage between the color score of potato chips sampled at 10 h of frying and fried in 

HOLLCA and those fried in HOLLCA-CSO blends. 

103 



Statistical analysis shows that potato chips fried in HOLLCA and sampled at 5 h of 

frying are significantly less liked (p<0.05) than those fried in HOLLCA-CSO blends in 

fresh samples (Appendix F). After 10 h of frying, the overall likeability of HOLLCA 

fried chips significantly lower (p<0.05) than that of potato chips fried in 75-25 

HOLLCA-CSO blend. After storage at ambient temperature, HOLLCA fried chips 

sampled at 5 and 10 h frying were still significantly less liked than those fried in 75-25 

blend (p<0.05) (Appendix F). The addition of cottonseed oil to High Oleic Low 

Linolenic Canola oil does not appear to have a significant effect on the overall likeability 

of potato chips at the start of the frying process, when HOLLCA still has an appealing 

golden brown color and linoleic acid has not began to oxidize and release t,t, 2,4-

decadienal. The study also shows that the addition of cottonseed oil in a 25:75 ratio leads 

to less fluctuations in the overall likeability scores potato chips and TBA values of oil in 

these potato chips than the addition of CSO in 1: 1 ratio (Figure 23). The results are 

similar to those reported by Warner and coworkers ( 1994) who concluded, after 

conducting a study on the effects of frying oil composition on potato chip stability, that 

the overall quality scores of potato chips are maximum when the frying oil contains 

moderate levels of oleic acid of approximately 68% and low-moderate levels of linoleic 

acid of approximately 20%, higher level of oleic or linoleic acid leading to a decrease of 

the overall quality of the product. 
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Conclusion 

The results of the study show that adding non hydrogenated cottonseed oil (CSO) to 

the healthy High Oleic Low Linolenic Canola Oil (HOLLCA) significantly improve 

(p<0.05) the appearance and overall likeability of potato chips without significantly 

increasing or decreasing the major parameters of oil degradation during frying and 

storage (p>0.05) (Appendix E). The addition of CSO to HOLLCA in 1: 1 ratio 

significantly increase the color lightness and the overall likeability of potato chips after a 

few hours of frying, before the frying medium begins to deteriorate. The increase in 

likeability is less significant however after storage at ambient temperatures, probably due 

to the high linoleic acid contents and the subsequent oxidation of linoleic acid during 

storage, leading to the release ofhexanal. The addition of CSO to HOLLCA in 1 :3 ratio 

results significantly improve the overall likeability of potato chips (p<0.05), without 

increasing significantly the color lightness of potato chips. However, the increase in 

likeability remains significant during storage, probably due to the low-moderate levels of 

linoleic acid, which leads to the release of less hexanal during storage. 
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Snack food processors who are searching for a trans fat free frying medium that can 

help them extend the shelf life of their products and are interested in using high oleic low 

linolenic canola oil should consider adding non hydrogenated cottonseed oil to improve 

the appearance and overall likeability of their products. The study shows that TBA value 

of HOLLCA remains extremely low for the most part after 4 months of storage (0.022 

and 0.026 compared to 0.069 and 0.044 for CSO), indicating that HOLLCA fried chips 

can sustain longer storage time without showing signs of flavor deterioration. 

Additionally, High Oleic Low Linolenic Canola Oil will provide consumers with 

numerous nutritional benefits related to its low saturated fat contents and high oleic acid 

levels. Several studies have found canola oil (61.9% MUFA) as effective in lowering 

total cholesterol, LDL cholesterol, and apolipoprotein B in normolidemic individuals as 

com oil (60.7% PUFA), soybean oil (60.4% PUFA), sunflower oil (68.8% PUFA), and 

other oils containing high levels of polyunsaturated fatty acids. Cano la oil has also been 

found to be effective in reducing total and LDL cholesterol in individuals with high blood 

lipid levels. It has also been reported that oleic acid has an hypocholesterolemic effect as 

strong as linoleic acid and that oleic acid actually increases HDL while lowering LDL 

(Bruckner, 2008). There is evidence also that canola oil may impede platelet aggregation 

and therefore reduce the incidence of coronary attack or stroke in many individuals. 

The addition of cottonseed oil in I :3 ratio may improve slightly only the appearance of 

the product, but it will significantly improve the overall likeability of the product even 

after extended storage, with low TBA values and rancidity scores. 
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RESPONDENT SCREENING 

Test No --------

Questions: 

Do you like POTATO CHIPS? 

About how often do you eat potato chips? 
[ ] More than once a week 
( ] Less than once a month 

Yes 

[ ] More than once a month but less than once a week 

Would you be willing to taste 
and evaluate POT A TO CHIPS? 

Yes 

Panelist No -----

No 

No 

lfyou have answered "No", please STOP here and inform the screener that you would 
prefer NOT to participate in the current test. 

Please check the appropriate line( s) which pertain to you. 

SEX: Male Female ---- ----

AGE: UNDER 18 18-29 --- ---
30-44 __ _ 45-65 --- OVER65 ---
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Test No 

Product: Potato chips 

Instructions: 

Panelist No ------

LIKEABILITY RATING 

Evaluate each sample for the attributes listed below, one attribute at a time. 
For each sample, taste and/or analyze enough potato chips to form an opinion on the 
attribute under study, then CIRCLE the number which best expresses your opinion, and 
take a sip of water to rinse your mouth before tasting the next sample. 
Proceed when you are ready. (Quietly so as to not distract others) 

FRIED FLAVOR 

Sample Code Dislike 
Extremely 

2 

1 
Sample Code Dislike 

Extremely 

2 

1 2 
Sample Code Dislike 

Extremely 

Comments: 

3 

3 

3 

4 

4 

4 

5 6 
Neither dislike 
nor like 

5 6 
Neither dislike 
nor like 

5 6 
Neither dislike 
nor like 

7 8 9 
Like 
Extremely 

7 8 9 
Like 
Extremely 

7 8 9 
Like 
Extremely 

----------------------------
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COLOR 

1 
Sample Code Too dark 

1 
Sample Code Too dark 

1 
Sample Code Too dark 

Comments: 

2 

2 

2 

3 4 

3 4 

3 4 

5 
Medium 

5 
Medium 

5 
Medium 

6 

6 

6 

Panelist No 

7 

7 

7 

-----

8 

8 

8 

9 
Very Light 

9 
Very Light 

9 
Very Light 

--------------------------

OFF-FLAVORS 

1 2 3 4 5 6 7 8 9 
Sample Code None Medium Very Intense 

1 2 3 4 5 6 7 8 9 
Sample Code None Medium Very Intense 

1 2 3 4 5 6 7 8 9 
Sample Code None Medium Very Intense 

Comments: --------------------------
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Panelist No ------

OVERALL LIKEABILITY 

1 2 3 4 5 6 7 8 9 
Sample Code Dislike Neither dislike Like 

Extremely nor like Extremely 

1 2 3 4 5 6 7 8 9 
Sample Code Dislike Neither dislike Like 

Extremely nor like Extremely 

1 2 3 4 5 6 7 8 9 
Sample Code Dislike Neither dislike Like 

Extremely nor like Extremely 

Comments: 

THANK YOU FOR YOUR PARTICIPATION IN OUR RESEARCH 
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APPENDIXB 

Master Sheet Design 
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Panelist 6 4 
l a/286 b/374 
2 a/736 c/924 
3 b/286 a/374 
4 b/736 c/924 
5 c/286 a/374 
6 c/736 b/924 
7 b/286 
8 a/736 
9 c/286 
10 a/374 
11 c/924 
12 b/374 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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2 3 
c/482 
b/672 
c/482 

a/593 
b/453 
a/593 

a/672 b/453 
b/482 c/593 
a/672 b/453 
b/482 c/593 
a/482 b/453 
c/672 a/593 



APPENDIXC 

Raw Chemical Analysis Data 
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Free Fatty Acids of Oils and Blends During Frying 

Frying Time Oil Trial 1 Trial 2 Trial 3 Average 
0 Hr cso 0.040 0.020 0.030 0.030 
0 Hr HOLLCA 0.040 0.030 0.030 0.033 
0Hr 50-50 Blend 0.045 0.030 0.040 0.038 
0 Hr 75-25 Blend 0.045 0.050 0.040 0.045 
5 Hr cso 0.200 0.540 0.540 0.430 
5 Hr HOLLCA 0.220 0.440 0.420 0.360 
5 Hr 50-50 Blend 0.230 0.480 0.580 0.430 
5 Hr 75-25 Blend 0.230 0.520 0.600 0.450 
10 Hr cso 0.400 1.520 1.110 1.010 
10 Hr HOLLCA 0.420 1.030 0.780 0.740 
10 Hr 50-50 Blend 0.620 1.090 1.050 0.920 
10 Hr 75-25 Blend 0.360 1.090 1.130 0.860 
15 Hr cso 0.980 1.920 1.390 1.430 
15 Hr HOLLCA 0.900 1.560 1.100 1.190 
15 Hr 50-50 Blend 1.530 1.180 1.510 1.410 
15 Hr 75-25 Blend 0.640 1.670 1.650 1.320 

Para-Anisidine Value of Oils and Blends During frying 

Frying Time Oil Trial 1 Trial 2 Trial 3 Average 
0Hr cso 3.62 2.02 3.99 3.21 
0 Hr HOLLCA 1.84 1.58 2.01 1.81 
0 Hr 50-50 Blend 2.79 1.18 2.81 2.26 
0Hr 75-25 Blend 2.21 1.48 1.89 1.86 
5 Hr cso 18.11 12.68 12.40 14.40 
5 Hr HOLLCA 10.45 15.45 8.76 11.55 
5 Hr 50-50 Blend 13.82 11.47 9.01 11.46 
5 Hr 75-25 Blend 15.51 12.20 8.88 12.20 
10 Hr cso 31.85 19.52 15.24 22.20 
10 Hr HOLLCA 18.20 15.68 13.24 15.71 
10 Hr 50-50 Blend 18.04 21.24 12.55 17.28 
10 Hr 75-25 Blend 24.60 19.78 12.56 18.98 
15 Hr cso 33.92 21.63 15.68 23.74 
15 Hr HOLLCA 21.42 15.19 11.85 16.15 
15 Hr 50-50 Blend 21.02 . 21.07 14.68 18.92 
15 Hr 75-25 Blend 32.87 17.90 15.15 21.97 
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Para-Anisidine Value of Oil Extracted From Stored Potato Chips 

Frying Time Oil Trial 1 Trial 2 Trial 3 Average 
0 Hr cso 10.09 8.55 7.00 8.55 
0 Hr HOLLCA 5.97 5.46 4.93 5.45 
0Hr 50-50 Blend 7.16 5.80 4.46 5.81 
0 Hr 75-25 Blend 7.69 5.82 3.92 5.81 
5 Hr cso 11.98 11.10 11.01 11.36 
5 Hr HOLLCA 7.68 7.99 8.28 7.98 
5 Hr 50-50 Blend 12.96 11.08 9.22 11.09 
5 Hr 75-25 Blend 9.55 7.97 6.38 7.97 
10 Hr cso 24.08 17.92 11.74 17.91 
10 Hr HOLLCA 14.26 12.41 10.52 12.40 
10 Hr 50-50 Blend 15.07 13.13 11.20 13.13 
10 Hr 75-25 Blend 27.94 18.22 8.50 18.22 
15 Hr cso 22.18 16.21 10.20 16.20 
15 Hr HOLLCA 13.56 11.62 9.65 11.61 
15 Hr 50-50 Blend 15.42 11.82 8.21 11.82 
15 Hr 75-25 Blend 28.99 18.45 7.91 18.45 

Polar material Content of Oils and Blends During Frying 

Frying Time Oil Trial 1 Trial 2 Trial 3 Average 
0 Hr cso 8.00 5.40 13.50 8.97 
0Hr HOLLCA 0.00 0.00 0.00 0.00 
0Hr 50-50 Blend 2.50 7.00 5.50 5.00 
0Hr 75-25 Blend 0.50 6.00 2.50 3.00 
5 Hr cso 10.50 7.25 19.00 12.25 
5 Hr HOLLCA 0.00 2.00 5.50 2.50 
5 Hr 50-50 Blend 4.50 14.25 14.00 10.92 
5 Hr 75-25 Blend 2.50 11.50 11.50 8.50 
10 Hr cso 12.20 21.00 26.50 19.90 
10 Hr HOLLCA 1.25 8.50 14.50 8.08 
10 Hr 50-50 Blend 5.25 17.50 17.50 13.42 
10 Hr 75-25 Blend 4.75 16.00 12.50 11.08 
15 Hr cso 19.50 26.00 29.50 25.00 
15 Hr HOLLCA 1.25 16.50 15.50 11.08 
15 Hr 50-50 Blend 12.00 24.50 21.00 19.17 
15 Hr 75-25 Blend 5.00 22.00 11.50 12.83 
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TBA Value of Fresh Oils and Blends 

Frying Time Oil Trial 1 Trial 2 Trial 3 Average 
0Hr cso 0.030 0.024 0.027 0.027 
0 Hr HOLLCA 0.025 0.018 0.023 0.022 
0 Hr 50-50 Blend 0.026 0.019 0.021 0.022 
0 Hr 75-25 Blend 0.018 0.013 0.017 0.016 
5 Hr cso 0.043 0.036 0.041 0.040 
5 Hr HOLLCA 0.034 0.029 0.033 0.032 
5 Hr 50-50 Blend 0.019 0.014 0.018 0.017 
5 Hr 75-25 Blend 0.028 0.024 0.026 0.026 
10 Hr cso 0.030 0.025 0.029 0.028 
10 Hr HOLLCA 0.024 0.019 0.023 0.022 
10 Hr 50-50 Blend 0.043 0.037 0.040 0.040 
10 Hr 75-25 Blend 0.026 0.022 0.024 0.024 
15 Hr cso 0.039 0.034 0.038 0.037 
15 Hr HOLLCA 0.036 0.032 0.037 0.035 
15 Hr 50-50 Blend 0.047 0.041 0.044 0.044 
15 Hr 75-25 Blend 0.046 0.037 0.040 0.041 

TBA Value of Oil Extracted From Stored Potato Chips 

Frying Time Oil Trial 1 Trial 2 Trial 3 Average 
0 Hr cso 0.043 0.036 0.041 0.040 
0 Hr HOLLCA 0.053 0.049 0.051 0.051 
0 Hr 50-50 Blend 0.025 0.021 0.026 0.024 
0 Hr 75-25 Blend 0.036 0.032 0.034 0.034 
5 Hr cso 0.073 0.066 0.068 0.069 
5 Hr HOLLCA 0.024 0.019 0.023 0.022 
5 Hr 50-50 Blend 0.034 0.027 0.032 0.031 
5 Hr 75-25 Blend 0.038 0.020 0.032 0.030 
10 Hr cso 0.047 0.041 0.044 0.044 
10 Hr HOLLCA 0.029 0.022 0.027 0.026 
10 Hr 50-50 Blend 0.031 0.024 0.029 0.028 
10 Hr 75-25 Blend 0.029 0.021 0.025 0.025 
15 Hr cso 0.047 0.043 0.045 0.045 
15 Hr HOLLCA 0.032 0.027 0.031 0.030 
15 Hr 50-50 Blend 0.035 0.026 0.029 0.030 
15 Hr 75-25 Blend 0.039 0.032 0.034 0.035 
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FRIED FLAVOR FRESH POTATO CHIPS-0 Hr FRYING-TRIAL I 

Panelist Product Score Product Score Product Score Product 
1 a/286 7.00 b/374 4.00 c/482 5.00 
2 a/736 4.00 c/924 5.00 b/672 7.00 
3 b/286 6.00 a/374 3.00 c/482 5.00 
4 b/736 7.00 c/924 6.00 a/593 
5 c/286 3.00 a/374 8.00 b/453 
6 c/736 1.00 b/924 2.00 a/593 
7 b/286 4.00 a/672 6.00 b/453 
8 a/736 4.00 b/482 4.00 c/593 
9 c/286 3.00 a/672 6.00 b/453 
10 a/374 2.00 b/482 4.00 c/593 
11 c/924 6.00 a/672 5.00 b/453 
12 b/374 3.00 c/482 5.00 a/593 

FRIED FLAVOR FRESH POTATO CHIPS-0 Hr FRYING-TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 6.00 b/374 3.00 c/482 
2 a/736 3.00 c/924 4.00 b/672 
3 b/286 7.00 a/374 2.00 c/482 
4 b/736 , 6.00 c/924 6.00 
5 c/286 1.00 a/374 7.00 
6 c/736 3.00 b/924 1.00 
7 b/286 6.00 a/672 

8 a/736 5.00 b/482 

9 c/286 4.00 a/672 
10 a/374 1.00 b/482 

11 c/924 5.00 a/672 

12 b/374 2.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
3.00 
6.00 
2.00 

a/593 
b/453 
a/593 

4.00 b/453 
1.00 c/593 
4.00 b/453 
2.00 c/593 
3.00 b/453 
2.00 a/593 

Score 

2.00 
7.00 
2.00 
3.00 
1.00 
6.00 
3.00 
5.00 
4.00 

Score 

3.00 
6.00 
2.00 
4.00 
2.00 
5.00 
4.00 
6.00 
4.00 



FRIED FLAVOR FRESH POTATO CHIPS-0 Hr FRYING-TRIAL III 

Panelist Product Score Product Score Product Score Product 
1 a/286 7.00 b/374 5.00 c/482 5.00 
2 a/736 5.00 c/924 6.00 b/672 6.00 
3 b/286 6.00 a/374 5.00 c/482 5.00 
4 b/736 7.00 c/924 7.00 a/593 
5 c/286 3.00 a/374 8.00 b/453 
6 c/736 6.00 b/924 4.00 a/593 
7 b/286 7.00 a/672 5.00 b/453 
8 a/736 6.00 b/482 4.00 c/593 
9 c/286 3.00 a/672 5.00 b/453 
10 a/374 3.00 b/482 4.00 c/593 
11 c/924 7.00 a/672 5.00 b/453 
12 b/374 4.00 c/482 4.00 a/593 

FRIED FLAVOR STORED POTATO CHIPS-0 Hr FRYING -TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 6.00 b/374 8.00 c/482 
2 a/736 5.00 c/924 7.00 b/672 
3 b/286 6.00 a/374 2.00 c/482 
4 b/736 6.00 c/924 7.00 
5 c/286 3.00 a/374 7.00 
6 c/736 3.00 b/924 1.00 
7 b/286 5.00 a/672 
8 a/736 5.00 b/482 
9 c/286 4.00 a/672 
10 a/374 2.00 b/482 
11 c/924 6.00 a/672 
12 b/374 5.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
4.00 
8.00 
3.00 

a/593 
b/453 
a/593 

6.00 b/453 
7.00 c/593 
7.00 b/453 
7.00 c/593 
6.00 b/453 
6.00 a/593 

Score 

4.00 
7.00 
3.00 
6.00 
4.00 
7.00 
5.00 
6.00 
6.00 

Score 

5.00 
5.00 
7.00 
6.00 
5.00 
4.00 
5.00 
3.00 
3.00 



FRIED FLAVOR STORED POTATO CHIPS-0 Hr FRYING-TRIAL II 

Panelist Product Score Product Score Product Score Product 
I a/286 7.00 b/374 8.00 c/482 3.00 
2 a/736 6.00 c/924 7.00 b/672 6.00 
3 b/286 7.00 a/374 4.00 c/482 2.00 
4 b/736 7.00 c/924 8.00 a/593 
5 c/286 5.00 a/374 6.00 b/453 
6 c/736 6.00 b/924 4.00 a/593 
7 b/286 7.00 a/672 4.00 b/453 
8 a/736 7.00 b/482 6.00 c/593 
9 c/286 6.00 a/672 5.00 b/453 
10 a/374 5.00 b/482 5.00 c/593 
11 c/924 5.00 a/672 4.00 b/453 
12 b/374 6.00 c/482 3.00 a/593 

FRIED FLAVOR STORED POTATO CHIPS-0 Hr FRYING-TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 6.00 c/482 
2 a/736 7.00 c/924 6.00 b/672 
3 b/286 8.00 a/374 2.00 c/482 
4 b/736 7.00 c/924 6.00 
5 c/286 2.00 a/374 5.00 
6 c/736 5.00 b/924 3.00 
7 b/286 6.00 a/672 
8 a/736 7.00 b/482 
9 c/286 6.00 a/672 
10 a/374 2.00 b/482 
11 c/924 4.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
3.00 
8.00 
3.00 

a/593 
b/453 
a/593 

4.00 b/453 
8.00 c/593 
6.00 b/453 
6.00 c/593 
5.00 b/453 
4.00 a/593 

Score 

5.00 
4.00 
8.00 
6.00 
4.00 
3.00 
6.00 
3.00 
3.00 

Score 

6.00 
6.00 
7.00 
5.00 
6.00 
5.00 
6.00 
3.00 
4.00 



FRIED FLAVOR FRESH POTATO CHIPS-5 Hr FRYING-TRIAL I 

Panelist Product Score Product Score Product Score Product 
1 a/286 6.00 b/374 5.00 c/482 4.00 
2 a/736 7.00 c/924 6.00 b/672 2.00 
3 b/286 7.00 a/374 3.00 c/482 6.00 
4 b/736 5.00 c/924 8.00 a/593 
5 c/286 3.00 a/374 5.00 b/453 
6 c/736 2.00 b/924 6.00 a/593 
7 b/286 4.00 a/672 1.00 b/453 
8 a/736 1.00 b/482 5.00 c/593 
9 c/286 7.00 a/672 4.00 b/453 
10 a/374 2.00 b/482 5.00 c/593 
11 c/924 4.00 a/672 4.00 b/453 
12 b/374 5.00 c/482 4.00 a/593 

FRIED FLAVOR FRESH POTATO CHIPS-5 Hr FRYING-TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 6.00 c/482 
2 a/736 8.00 c/924 5.00 b/672 
3 b/286 6.00 a/374 5.00 c/482 
4 b/736 7.00 c/924 8.00 
5 c/286 5.00 a/374 5.00 
6 c/736 3.00 b/924 8.00 
7 b/286 6.00 a/672 
8 a/736 2.00 b/482 
9 c/286 8.00 a/672 
10 a/374 3.00 b/482 
11 c/924 6.00 a/672 
12 b/374 8.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
3.00 
3.00 
7.00 

a/593 
b/453 
a/593 

2.00 b/453 
7.00 c/593 
6.00 b/453 
7.00 c/593 
3.00 b/453 
5.00 a/593 

Score 

2.00 
7.00 
4.00 
3.00 
7.00 
2.00 
7.00 
6.00 
7.00 

Score 

1.00 
5.00 
2.00 
1.00 
5.00 
1.00 
4.00 
3.00 
4.00 



FRIED FLAVOR FRESH POTATO CHIPS-5 Hr FRYING-TRIAL III 

Panelist Product Score Product Score Product Score Product 
1 a/286 6.00 b/374 5.00 c/482 5.00 
2 a/736 7.00 c/924 5.00 b/672 8.00 
3 b/286 6.00 a/374 5.00 c/482 5.00 
4 b/736 5.00 c/924 6.00 a/593 
5 c/286 6.00 a/374 4.00 b/453 
6 c/736 3.00 b/924 6.00 a/593 
7 b/286 5.00 a/672 4.00 b/453 
8 a/736 3.00 b/482 7.00 c/593 
9 c/286 6.00 a/672 7.00 b/453 
10 a/374 3.00 b/482 6.00 c/593 
11 c/924 5.00 a/672 5.00 b/453 
12 b/374 8.00 c/482 6.00 a/593 

FRIED FLAVOR STORED POTATO CHIPS-5 Hr FRYING-TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 3.00 b/374 6.00 c/482 
2 a/736 3.00 c/924 6.00 b/672 
3 b/286 2.00 a/374 8.00 c/482 
4 b/736 3.00 c/924 4.00 
5 c/286 2.00 a/374 3.00 
6 c/736 4.00 b/924 3.00 
7 b/286 5.00 a/672 

8 a/736 4.00 b/482 

9 c/286 5.00 a/672 
10 a/374 3.00 b/482 

11 c/924 6.00 a/672 

12 b/374 7.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
8.00 
4.00 
4.00 

a/593 
b/453 
a/593 

2.00 b/453 
2.00 c/593 
3.00 b/453 
7.00 c/593 
5.00 b/453 
8.00 a/593 

Score 

4.00 
8.00 
5.00 
5.00 
7.00 
4.00 
7.00 
7.00 
6.00 

Score 

5.00 
6.00 
1.00 
9.00 
3.00 
4.00 
8.00 
3.00 
5.00 



FRIED FLAVOR STORED POTATO CHIPS-5 Hr FRYING-TRIAL II 

Panelist Product Score Product Score Product Score Product 
1 a/286 2.00 b/374 7.00 c/482 6.00 
2 a/736 4.00 c/924 6.00 b/672 7.00 
3 b/286 4.00 a/374 7.00 c/482 6.00 
4 b/736 5.00 c/924 7.00 a/593 
5 c/286 7.00 a/374 4.00 b/453 
6 c/736 6.00 b/924 4.00 a/593 
7 b/286 7.00 a/672 4.00 b/453 
8 a/736 5.00 b/482 3.00 c/593 
9 c/286 7.00 a/672 5.00 b/453 
10 a/374 5.00 b/482 6.00 c/593 
11 c/924 7.00 a/672 6.00 b/453 
12 b/374 6.00 c/482 7.00 a/593 

FRIED FLAVOR STORED POTATO CHIPS-5 Hr FRYING-TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 3.00 b/374 6.00 c/482 
2 a/736 4.00 c/924 7.00 b/672 
3 b/286 6.00 a/374 7.00 c/482 
4 b/736 7.00 c/924 7.00 
5 c/286 8.00 a/374 3.00 
6 c/736 6.00 b/924 5.00 
7 b/286 5.00 a/672 
8 a/736 8.00 b/482 
9 c/286 7.00 a/672 
10 a/374 6 b/482 
11 c/924 7 a/672 
12 b/374 5 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
8.00 
5.00 
5.00 

a/593 
b/453 
a/593 

6.00 b/453 
2.00 c/593 
4.00 b/453 
5.00 c/593 
4.00 b/453 
6.00 a/593 

Score 

6.00 
8.00 
5.00 
5.00 
4.00 
6.00 
7.00 
5.00 
5.00 

Score 

6.00 
7.00 
6.00 
3.00 
5.00 
6.00 
7.00 
6.00 
4.00 



FRIED FLAVOR FRESH POTATO CHIPS-IO Hr FRYING-TRIAL I 

Panelist Product Score Product Score Product Score Product 
1 a/286 6.00 b/374 5.00 c/482 4.00 
2 a/736 8.00 c/924 4.00 b/672 2.00 
3 b/286 4.00 a/374 6.00 c/482 3.00 
4 b/736 8.00 c/924 4.00 a/593 
5 c/286 5.00 a/374 4.00 b/453 
6 c/736 5.00 b/924 4.00 a/593 
7 b/286 4.00 a/672 3.00 b/453 
8 a/736 7.00 b/482 4.00 c/593 
9 c/286 6.00 a/672 8.00 b/453 
10 a/374 6.00 b/482 2.00 c/593 
11 c/924 4.00 a/672 2.00 b/453 
12 b/374 6.00 c/482 5.00 a/593 

FRIED FLAVOR FRESH POTATO CHIPS-IO Hr FRYING-TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 6.00 b/374 3.00 c/482 
2 a/736 7.00 c/924 4.00 b/672 
3 b/286 3.00 a/374 4.00 c/482 
4 b/736 7.00 c/924 5.00 
5 c/286 4.00 a/374 3.00 
6 c/736 2.00 b/924 6.00 
7 b/286 1.00 a/672 
8 a/736 5.00 b/482 
9 c/286 5.00 a/672 
10 a/374 7.00 b/482 
11 c/924 6.00 a/672 
12 b/374 7.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
5.00 
3.00 
6.00 

a/593 
b/453 
a/593 

5.00 b/453 
7.00 c/593 
7.00 b/453 
6.00 c/593 
3.00 b/453 
8.00 a/593 

Score 

5.00 
3.00 
3.00 
1.00 
5.00 
5.00 
3.00 
6.00 
4.00 

Score 

4.00 
7.00 
3.00 
2.00 
6.00 
6.00 
4.00 
7.00 
6.00 



FRIED FLAVOR FRESH POTATO CHIPS-IO Hr FRYING-TRIAL III 

Panelist Product Score Product Score Product Score Product 
1 a/286 2.00 b/374 3.00 c/482 3.00 
2 a/736 4.00 c/924 3.00 b/672 3.00 
3 b/286 4.00 a/374 3.00 c/482 3.00 
4 b/736 3.00 c/924 4.00 a/593 
5 c/286 7.00 a/374 1.00 b/453 
6 c/736 3.00 b/924 2.00 a/593 
7 b/286 5.00 a/672 5.00 b/453 
8 a/736 5.00 b/482 4.00 c/593 
9 c/286 6.00 a/672 4.00 b/453 
10 a/374 5.00 b/482 3.00 c/593 
11 c/924 4.00 a/672 5.00 b/453 
12 b/374 4.00 c/482 6.00 a/593 

FRIED FLAVOR STORED POTATO CHIPS-IO Hr FRYING-TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 4.00 b/374 3.00 c/482 
2 a/736 6.00 c/924 4.00 b/672 
3 b/286 5.00 a/374 7.00 c/482 
4 b/736 - 3.00 c/924 7.00 
5 c/286 6.00 a/374 3.00 
6 c/736 7.00 b/924 6.00 
7 b/286 6.00 a/672 
8 a/736 7.00 b/482 
9 c/286 4.00 a/672 
10 a/374 5.00 b/482 
11 c/924 4.00 a/672 
12 b/374 6.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
6.00 
7.00 
4.00 

a/593 
b/453 
a/593 

3.00 b/453 
5.00 c/593 
8.00 b/453 
6.00 c/593 
6.00 b/453 
7.00 a/593 

Score 

5.00 
4.00 
6.00 
6.00 
3.00 
5.00 
4.00 
3.00 
5.00 

Score 

6.00 
2.00 
5.00 
7.00 
6.00 
6.00 
4.00 
5.00 
4.00 



FRIED FLAVOR STORED POTATO CHIPS-10 Hr FRYING-TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 5.00 b/374 4.00 c/482 7.00 
2 a/736 4.00 c/924 3.00 b/672 6.00 
3 b/286 5.00 a/374 3.00 c/482 4.00 
4 b/736 6.00 c/924 5.00 a/593 4.00 
5 c/286 4.00 a/374 6.00 b/453 2.00 
6 c/736 6.00 b/924 4.00 a/593 3.00 
7 b/286 3.00 a/672 4.00 b/453 7.00 
8 a/736 3.00 b/482 6.00 c/593 4.00 
9 c/286 5.00 a/672 7.00 b/453 4.00 
10 a/374 5.00 b/482 6.00 c/593 3.00 
11 c/924 5.00 a/672 4.00 b/453 6.00 
12 b/374 6.00 c/482 5.00 a/593 3.00 

FRIED FLAVOR STORED POTATO CHIPS-10 Hr FRYING-TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 6.00 c/482 
2 a/736 6.00 c/924 4.00 b/672 
3 b/286 5.00 a/374 3.00 c/482 
4 b/736 6.00 c/924 5.00 
5 c/286 5.00 a/374 6.00 
6 c/736 3.00 b/924 6.00 
7 b/286 3.00 a/672 
8 a/736 6.00 b/482 
9 c/286 5.00 a/672 
10 a/374 6.00 b/482 
11 c/924 5.00 a/672 
12 b/374 6.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
3.00 
6.00 
2.00 

a/593 4.00 
b/453 6.00 
a/593 2.00 

4.00 b/453 6.00 
5.00 c/593 3.00 
6.00 b/453 2.00 
5.00 c/593 4.00 
4.00 b/453 6.00 
3.00 a/593 5.00 



OFF-FLAVOR SCORES FRESH POTATO CHIPS-0 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 8.00 b/374 4.00 c/482 6.00 
2 a/736 5.00 c/924 6.00 b/672 5.00 
3 b/286 2.00 a/374 6.00 c/482 4.00 
4 b/736 9.00 c/924 7.00 a/593 6.00 
5 c/286 3.00 a/374 1.00 b/453 2.00 
6 c/736 4.00 b/924 8.00 a/593 7.00 
7 b/286 2.00 a/672 2.00 b/453 6.00 
8 a/736 3.00 b/482 5.00 c/593 2.00 
9 c/286 5.00 a/672 6.00 b/453 2.00 
10 a/374 2.00 b/482 3.00 c/593 5.00 
11 c/924 1.00 a/672 5.00 b/453 3.00 
12 b/374 2.00 c/482 3.00 a/593 1.00 

OFF-FLAVOR SCORES FRESH POTATO CHIPS-0 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 8.00 b/374 9.00 c/482 
2 a/736 7.00 c/924 8.00 b/672 
3 b/286 8.00 a/374 4.00 c/482 
4 b/736 6.00 c/924 8.00 
5 c/286 5.00 a/374 3.00 
6 c/736 6.00 b/924 5.00 
7 b/286 9.00 a/672 
8 a/736 6.00 b/482 
9 c/286 3.00 a/672 
10 a/374 9.00 b/482 
11 c/924 2.00 a/672 
12 b/374 9.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
7.00 
9.00 
9.00 

a/593 9.00 
b/453 7.00 
a/593 9.00 

3.00 b/453 7.00 
7.00 c/593 8.00 
9.00 b/453 6.00 
3.00 c/593 6.00 
9.00 b/453 1.00 
1.00 a/593 8.00 



OFF-FLAVOR SCORES FRESH POTATO CHIPS-0 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 3.00 b/374 4.00 c/482 1.00 
2 a/736 2.00 c/924 6.00 b/672 5.00 
3 b/286 3.00 a/374 6.00 c/482 2.00 
4 b/736 8.00 c/924 3.00 a/593 5.00 
5 c/286 1.00 a/374 2.00 b/453 7.00 
6 c/736 4.00 b/924 1.00 a/593 2.00 
7 b/286 1.00 a/672 2.00 b/453 4.00 
8 a/736 3.00 b/482 1.00 c/593 2.00 
9 c/286 4.00 a/672 3.00 b/453 5.00 
10 a/374 4.00 b/482 2.00 c/593 3.00 
11 c/924 2.00 a/672 3.00 b/453 4.00 
12 b/374 5.00 c/482 1.00 a/593 4.00 

OFF-FLAVOR SCORES STORED POTATO CHIPS-0 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 2.00 b/374 4.00 c/482 
2 a/736 7.00 c/924 3.00 b/672 
3 b/286 8.00 a/374 9.00 c/482 
4 b/736 3.00 c/924 2.00 
5 c/286 3.00 a/374 5.00 
6 c/736 2.00 b/924 8.00 
7 b/286 5.00 a/672 
8 a/736 5.00 b/482 
9 c/286 4.00 a/672 
10 a/374 1.00 b/482 
11 c/924 2.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
5.00 
2.00 
5.00 

a/593 5.00 
b/453 4.00 
a/593 7.00 

3.00 b/453 6.00 
4.00 c/593 1.00 
5.00 b/453 1.00 
4.00 c/593 3.00 
1.00 b/453 3.00 
1.00 a/593 5.00 



OFF-FLAVOR SCORES STORED POTATO CHIPS-0 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 3.00 b/374 2.00 c/482 4.00 
2 a/736 1.00 c/924 5.00 b/672 7.00 
3 b/286 5.00 a/374 6.00 c/482 7.00 
4 b/736 2.00 c/924 1.00 a/593 4.00 
5 c/286 1.00 a/374 3.00 b/453 2.00 
6 c/736 3.00 b/924 4.00 a/593 2.00 
7 b/286 2.00 a/672 3.00 b/453 1.00 
8 a/736 5.00 b/482 3.00 c/593 7.00 
9 c/286 3.00 a/672 6.00 b/453 5.00 
10 a/374 1.00 b/482 5.00 c/593 2.00 
11 c/924 3.00 a/672 4.00 b/453 1.00 
12 b/374 2.00 c/482 6.00 a/593 3.00 

OFF-FLAVOR SCORES STORED POTATO CHIPS-0 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
I a/286 4.00 b/374 2.00 c/482 
2 a/736 3.00 c/924 1.00 b/672 
3 b/286 2.00 a/374 1.00 c/482 
4 b/736 7.00 c/924 5.00 
5 c/286 1.00 a/374 3.00 
6 c/736 1.00 b/924 2.00 
7 b/286 1.00 a/672 
8 a/736 3.00 b/482 
9 c/286 3.00 a/672 
10 a/374 3.00 b/482 
11 c/924 3.00 a/672 
12 b/374 5.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
5.00 
6.00 
5.00 

a/593 2.00 
b/453 7.00 
a/593 6.00 

6.00 b/453 3.00 
2.00 c/593 7.00 
5.00 b/453 2.00 
1.00 c/593 5.00 
2.00 b/453 4.00 
3.00 a/593 7.00 



OFF-FLAVOR SCORES FRESH POTATO CHIPS-5 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 3.00 b/374 7.00 c/482 6.00 
2 a/736 1.00 c/924 7.00 b/672 3.00 
3 b/286 7.00 a/374 5.00 c/482 6.00 
4 b/736 4.00 c/924 1.00 a/593 6.00 
5 c/286 7.00 a/374 5.00 b/453 5.00 
6 c/736 7.00 b/924 2.00 a/593 5.00 
7 b/286 4.00 a/672 6.00 b/453 7.00 
8 a/736 6.00 b/482 9.00 c/593 8.00 
9 c/286 2.00 a/672 5.00 b/453 7.00 
10 a/374 3.00 b/482 7.00 c/593 6.00 
11 c/924 3.00 a/672 6.00 b/453 7.00 
12 b/374 5.00 c/482 2.00 a/593 6.00 

OFF-FLAVOR SCORES FRESH POTATO CHIPS-5 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 1.00 b/374 3.00 c/482 
2 a/736 8.00 c/924 3.00 b/672 
3 b/286 2.00 a/374 4.00 c/482 
4 b/736 1.00 c/924 7.00 
5 c/286 5.00 a/374 2.00 
6 c/736 2.00 b/924 1.00 
7 b/286 1.00 a/672 
8 a/736 7.00 b/482 
9 c/286 3.00 a/672 
10 a/374 4.00 b/482 
11 c/924 5.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
2.00 
7.00 
1.00 

a/593 5.00 
b/453 3.00 
a/593 3.00 

3.00 b/453 6.00 
4.00 c/593 8.00 
8.00 b/453 1.00 
1.00 c/593 2.00 
6.00 b/453 2.00 
1.00 a/593 6.00 



OFF-FLAVOR SCORES FRESH POTATO CHIPS-5 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 1.00 b/374 4.00 c/482 7.00 
2 a/736 7.00 c/924 4.00 b/672 2.00 
3 b/286 5.00 a/374 2.00 c/482 3.00 
4 b/736 1.00 c/924 5.00 a/593 2.00 
5 c/286 2.00 a/374 1.00 b/453 4.00 
6 c/736 7.00 b/924 1.00 a/593 3.00 
7 b/286 6.00 a/672 4.00 b/453 1.00 
8 a/736 6.00 b/482 4.00 c/593 2.00 
9 c/286 3.00 a/672 5.00 b/453 1.00 
10 a/374 3.00 b/482 2.00 c/593 4.00 
11 c/924 4.00 a/672 6.00 b/453 2.00 
12 b/374 3.00 c/482 1.00 a/593 2.00 

OFF-FLAVOR SCORES STORED POTATO CHIPS-5 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 9.00 b/374 7.00 c/482 
2 a/736 4.00 c/924 2.00 b/672 
3 b/286 4.00 a/374 5.00 c/482 
4 b/736 7.00 c/924 5.00 
5 c/286 7.00 a/374 4.00 
6 c/736 4.00 b/924 7.00 
7 b/286 7.00 a/672 
8 a/736 2.00 b/482 
9 c/286 2.00 a/672 
10 a/374 8.00 b/482 
11 c/924 4.00 a/672 
12 b/374 2.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
3.00 
9.00 
2.00 

a/593 4.00 
b/453 5.00 
a/593 5.00 

8.00 b/453 4.00 
4.00 c/593 7.00 
6.00 b/453 3.00 
2.00 c/593 4.00 
2.00 b/453 1.00 
5.00 a/593 4.00 



OFF-FLAVOR SCORES STORED POTATO CHIPS-5 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 6.00 b/374 1.00 c/482 2.00 
2 a/736 3.00 c/924 7.00 b/672 1.00 
3 b/286 3.00 a/374 4.00 c/482 2.00 
4 b/736 3.00 c/924 6.00 a/593 4.00 
5 c/286 1.00 a/374 2.00 b/453 4.00 
6 c/736 2.00 b/924 3.00 a/593 1.00 
7 b/286 7.00 a/672 4.00 b/453 6.00 
8 a/736 8.00 b/482 3.00 c/593 6.00 
9 c/286 1.00 a/672 2.00 b/453 4.00 
10 a/374 4.00 b/482 1.00 c/593 6.00 
11 c/924 3.00 a/672 2.00 b/453 1.00 
12 b/374 5.00 c/482 3.00 a/593 1.00 

OFF-FLAVOR SCORES STORED POTATO CHIPS-5 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 3.00 b/374 5.00 c/482 
2 a/736 5.00 c/924 2.00 b/672 
3 b/286 2.00 a/374 5.00 c/482 
4 b/736 2.00 c/924 3.00 
5 c/286 2.00 a/374 4.00 
6 c/736 2.00 b/924 4.00 
7 b/286 5.00 a/672 
8 a/736 4.00 b/482 
9 c/286 1.00 a/672 
10 a/374 1.00 b/482 
11 c/924 2.00 a/672 
12 b/374 2.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
2.00 
3.00 
7.00 

a/593 7.00 
b/453 1.00 
a/593 5.00 

3.00 b/453 1.00 
3.00 c/593 7.00 
4.00 b/453 3.00 
2.00 c/593 5.00 
1.00 b/453 3.00 
1.00 a/593 4.00 



OFF-FLAVOR SCORES FRESH POTATO CHIPS-10 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 7.00 b/374 4.00 c/482 6.00 
2 a/736 2.00 c/924 5.00 b/672 4.00 
3 b/286 4.00 a/374 5.00 c/482 7.00 
4 b/736 2.00 c/924 6.00 a/593 8.00 
5 c/286 6.00 a/374 8.00 b/453 7.00 
6 c/736 1.00 b/924 4.00 a/593 6.00 
7 b/286 7.00 a/672 6.00 b/453 4.00 
8 a/736 7.00 b/482 6.00 c/593 2.00 
9 c/286 3.00 a/672 7.00 b/453 9.00 
10 a/374 4.00 b/482 6.00 c/593 7.00 
11 c/924 5.00 a/672 4.00 b/453 6.00 
12 b/374 4.00 c/482 8.00 a/593 6.00 

OFF-FLAVOR SCORES FRESH POTATO CHIPS-10 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 1.00 c/482 
2 a/736 1.00 c/924 4.00 b/672 
3 b/286 3.00 a/374 1.00 c/482 
4 b/736 . 1.00 c/924 2.00 
5 c/286 8.00 a/374 4.00 
6 c/736 5.00 b/924 4.00 
7 b/286 4.00 a/672 
8 a/736 2.00 b/482 
9 c/286 6.00 a/672 
10 a/374 7.00 b/482 
11 c/924 2.00 a/672 
12 b/374 1.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
6.00 
2.00 
2.00 

a/593 4.00 
b/453 7.00 
a/593 1.00 

1.00 b/453 2.00 
1.00 c/593 3.00 
2.00 b/453 3.00 
9.00 c/593 6.00 
5.00 b/453 6.00 
8.00 a/593 2.00 



OFF-FLAVOR SCORES FRESH POTATO CHIPS-IO Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 5.00 b/374 2.00 c/482 6.00 
2 a/736 4.00 c/924 5.00 b/672 1.00 
3 b/286 2.00 a/374 6.00 c/482 3.00 
4 b/736 4.00 c/924 2.00 a/593 3.00 
5 c/286 2.00 a/374 4.00 b/453 7.00 
6 c/736 3.00 b/924 4.00 a/593 2.00 
7 b/286 8.00 a/672 4.00 b/453 5.00 
8 a/736 3.00 b/482 5.00 c/593 7.00 
9 c/286 5.00 a/672 2.00 b/453 6.00 
10 a/374 3.00 b/482 4.00 c/593 7.00 
11 c/924 5.00 a/672 2.00 b/453 4.00 
12 b/374 3.00 c/482 5.00 a/593 6.00 

OFF-FLAVOR SCORES STORED POTATO CHIPS-IO Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 4.00 c/482 
2 a/736 5.00 c/924 8.00 b/672 
3 b/286 5.00 a/374 2.00 c/482 
4 b/736 4.00 c/924 5.00 
5 c/286 1.00 a/374 2.00 
6 c/736 1.00 b/924 6.00 
7 b/286 3.00 a/672 
8 a/736 4.00 b/482 
9 c/286 3.00 a/672 
10 a/374 5.00 b/482 
11 c/924 3.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
7.00 
4.00 
3.00 

a/593 6.00 
b/453 4.00 
a/593 3.00 

4.00 b/453 5.00 
8.00 c/593 5.00 
2.00 b/453 4.00 
4.00 c/593 3.00 
2.00 b/453 4.00 
6.00 a/593 5.00 



OFF-FLAVOR SCORES STORED POTATO CHIPS-IO Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 8.00 b/374 5.00 c/482 3.00 
2 a/736 6.00 c/924 7.00 b/672 3.00 
3 b/286 4.00 a/374 5.00 c/482 2.00 
4 b/736 6.00 c/924 2.00 a/593 4.00 
5 c/286 5.00 a/374 2.00 b/453 6.00 
6 c/736 4.00 b/924 6.00 a/593 2.00 
7 b/286 4.00 a/672 2.00 b/453 3.00 
8 a/736 7.00 b/482 3.00 c/593 6.00 
9 c/286 6.00 a/672 4.00 b/453 3.00 
10 a/374 5.00 b/482 2.00 c/593 4.00 
11 c/924 6.00 a/672 3.00 b/453 4.00 
12 b/374 3.00 c/482 2 .00 a/593 6.00 

OFF-FLAVOR SCORES STORED POTATO CHIPS-IO Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 4.00 b/374 3.00 c/482 
2 a/736 2.00 c/924 4.00 b/672 
3 b/286 4.00 a/374 6.00 c/482 
4 b/736 _ 4.00 c/924 3.00 
5 c/286 7.00 a/374 6.00 
6 c/736 4.00 b/924 2.00 
7 b/286 7.00 a/672 
8 a/736 4.00 b/482 
9 c/286 5.00 a/672 
10 a/374 5.00 b/482 
11 c/924 3.00 a/672 
12 b/374 6.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
6.00 
3.00 
7.00 

a/593 2.00 
b/453 5.00 
a/593 6.00 

5.00 b/453 6.00 
6.00 c/593 9.00 
4.00 b/453 6.00 
6.00 c/593 7.00 
6.00 b/453 5.00 
2.00 a/593 5.00 



COLOR SCORES FRESH POTATO CHIPS-0 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product 
1 a/286 4.00 b/374 5.00 c/482 5.00 
2 a/736 3.00 c/924 6.00 b/672 5.00 
3 b/286 2.00 a/374 5.00 c/482 7.00 
4 b/736 5.00 c/924 7.00 a/593 
5 c/286 3.00 a/374 5.00 b/453 
6 c/736 6.00 b/924 6.00 a/593 
7 b/286 5.00 a/672 6.00 b/453 
8 a/736 4.00 b/482 4.00 c/593 
9 c/286 7.00 a/672 5.00 b/453 
10 a/374 8.00 b/482 6.00 c/593 
11 c/924 5.00 a/672 8.00 b/453 
12 b/374 7.00 c/482 5.00 a/593 

COLOR SCORES FRESH POTATO CHIPS-0 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 4.00 c/482 
2 a/736 5.00 c/924 5.00 b/672 
3 b/286 3.00 a/374 5.00 c/482 
4 b/736 _ 6.00 c/924 6.00 
5 c/286 5.00 a/374 6.00 
6 c/736 8.00 b/924 5.00 
7 b/286 7.00 a/672 
8 a/736 6.00 b/482 
9 c/286 8.00 a/672 
10 a/374 7.00 b/482 
11 c/924 5.00 a/672 
12 b/374 8.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
4.00 
3.00 
6.00 

a/593 
b/453 
a/593 

5.00 b/453 
3.00 c/593 
6.00 b/453 
5.00 c/593 
7.00 b/453 
5.00 a/593 

Score 

4.00 
3.00 
6.00 
6.00 
6.00 
5.00 
7.00 
3.00 
5.00 

Score 

3.00 
4.00 
5.00 
7.00 
5.00 
5.00 
8.00 
4.00 
5.00 



COLOR SCORES FRESH POTATO CHIPS-0 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product 
1 a/286 6.00 b/374 3.00 c/482 4.00 
2 a/736 5.00 c/924 5.00 b/672 3.00 
3 b/286 3.00 a/374 6.00 c/482 8.00 
4 b/736 6.00 c/924 6.00 a/593 
5 c/286 5.00 a/374 5.00 b/453 
6 c/736 7.00 b/924 5.00 a/593 
7 b/286 6.00 a/672 7.00 b/453 
8 a/736 6.00 b/482 3.00 c/593 
9 c/286 8.00 a/672 5.00 b/453 
10 a/374 7.00 b/482 5.00 c/593 
11 c/924 6.00 a/672 8.00 b/453 
12 b/374 9.00 c/482 6.00 a/593 

COLOR SCORES STORED POTATO CHIPS-0 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 4.00 b/374 5.00 c/482 
2 a/736 5.00 c/924 5.00 b/672 
3 b/286 4.00 a/374 7.00 c/482 
4 b/736 5.00 c/924 5.00 
5 c/286 6.00 a/374 7.00 
6 c/736 5.00 b/924 5.00 
7 b/286 5.00 a/672 
8 a/736 4.00 b/482 
9 c/286 5.00 a/672 
10 a/374 6.00 b/482 
11 c/924 8.00 a/672 
12 b/374 5.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
6.00 
5.00 
3.00 

a/593 
b/453 
a/593 

7.00 b/453 
6.00 c/593 
3.00 b/453 
4.00 c/593 
5.00 b/453 
9.00 a/593 

Score 

5.00 
3.00 
6.00 
7.00 
5.00 
6.00 
8.00 
5.00 
4.00 

Score 

6.00 
7.00 
5.00 
6.00 
3.00 
5.00 
2.00 
3.00 
5.00 



COLOR SCORES STORED POTATO CHIPS-0 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product 
1 a/286 5.00 b/374 6.00 c/482 5.00 
2 a/736 4.00 c/924 3.00 b/672 6.00 
3 b/286 4.00 a/374 6.00 c/482 2.00 
4 b/736 5.00 c/924 4.00 a/593 
5 c/286 7.00 a/374 6.00 b/453 
6 c/736 6.00 b/924 5.00 a/593 
7 b/286 6.00 a/672 6.00 b/453 
8 a/736 4.00 b/482 7.00 c/593 
9 c/286 7.00 a/672 4.00 b/453 
10 a/374 5.00 b/482 3.00 c/593 
11 c/924 8.00 a/672 4.00 b/453 
12 b/374 5.00 c/482 8.00 a/593 

COLOR SCORES STORED POTATO CHIPS-0 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 7.00 c/482 
2 a/736 6.00 c/924 5.00 b/672 
3 b/286 5.00 a/374 7.00 c/482 
4 b/736 . 4.00 c/924 6.00 
5 c/286 5.00 a/374 8.00 
6 c/736 6.00 b/924 6.00 
7 b/286 6.00 a/672 
8 a/736 4.00 b/482 
9 c/286 5.00 a/672 
10 a/374 7.00 b/482 
11 c/924 7.00 a/672 
12 b/374 6.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
6.00 
6.00 
4.00 

a/593 
b/453 
a/593 

7.00 b/453 
6.00 c/593 
5.00 b/453 
5.00 c/593 
5.00 b/453 
8.00 a/593 

Score 

5.00 
7.00 
6.00 
7.00 
4.00 
6.00 
2.00 
4.00 
6.00 

Score 

6.00 
8.00 
5.00 
7.00 
5.00 
6.00 
4.00 
5.00 
6.00 



COLOR SCORES FRESH POTATO CHIPS-5 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product 
1 a/286 6.00 b/374 4.00 c/482 6.00 
2 a/736 5.00 c/924 5.00 b/672 6.00 
3 b/286 7.00 a/374 3.00 c/482 5.00 
4 b/736 5.00 c/924 4.00 a/593 
5 c/286 8.00 a/374 5.00 b/453 
6 c/736 7.00 b/924 4.00 a/593 
7 b/286 7.00 a/672 4.00 b/453 
8 a/736 2.00 b/482 6.00 c/593 
9 c/286 4.00 a/672 4.00 b/453 
10 a/374 3 b/482 5.00 c/593 
11 c/924 4 a/672 3.00 b/453 
12 b/374 3 c/482 7.00 a/593 

COLOR SCORES FRESH POTATO CHIPS-5 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 5.00 c/482 
2 a/736 4.00 c/924 4.00 b/672 
3 b/286 6.00 a/374 4.00 c/482 
4 b/736 _ 4.00 c/924 3.00 
5 c/286 7.00 a/374 5.00 
6 c/736 6.00 b/924 3.00 
7 b/286 5.00 a/672 
8 a/736 3.00 b/482 
9 c/286 5.00 a/672 
10 a/374 2.00 b/482 
11 c/924 4.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
5.00 
5.00 
4.00 

a/593 
b/453 
a/593 

5.00 b/453 
5.00 c/593 
3.00 b/453 
4.00 c/593 
4.00 b/453 
6.00 a/593 

Score 

7.00 
5.00 
6.00 
2.00 
1.00 
5.00 
3.00 
5.00 
8.00 

Score 

6.00 
6.00 
7.00 
3.00 
3.00 
6.00 
4.00 
5.00 
4.00 



COLOR SCORES FRESH POTATO CHIPS-5 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product 
1 a/286 4.00 b/374 5.00 c/482 5.00 
2 a/736 3.00 c/924 4.00 b/672 6.00 
3 b/286 6.00 a/374 3.00 c/482 4.00 
4 b/736 4.00 c/924 4.00 a/593 
5 c/286 6.00 a/374 4.00 b/453 
6 c/736 5.00 b/924 5.00 a/593 
7 b/286 4.00 a/672 6.00 b/453 
8 a/736 3.00 b/482 5.00 c/593 
9 c/286 4.00 a/672 3.00 b/453 
10 a/374 3.00 b/482 5.00 c/593 
11 c/924 5.00 a/672 3.00 b/453 
12 b/374 3.00 c/482 6.00 a/593 

COLOR SCORES STORED POTATO CHIPS-5 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 8.00 b/374 2.00 c/482 
2 a/736 5.00 c/924 5.00 b/672 
3 b/286 3.00 a/374 3.00 c/482 
4 b/736 5.00 c/924 4.00 
5 c/286 6.00 a/374 3.00 
6 c/736 5.00 b/924 4.00 
7 b/286 4.00 a/672 
8 a/736 6.00 b/482 
9 c/286 5.00 a/672 
10 a/374 3.00 b/482 
11 c/924 2.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
5.00 
7.00 
4.00 

a/593 
b/453 
a/593 

6.00 b/453 
5.00 c/593 
3.00 b/453 
4.00 c/593 
5.00 b/453 
5.00 a/593 

Score 

6.00 
5.00 
5.00 
3.00 
3.00 
7.00 
4.00 
6.00 
5.00 

Score 

6.00 
4.00 
3.00 
7.00 
6.00 
4.00 
5.00 
2.00 
6.00 



COLOR SCORES STORED POTATO CHIPS-5 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product 
l a/286 6.00 b/374 3.00 c/482 4.00 
2 a/736 5.00 c/924 5.00 b/672 6.00 
3 b/286 4.00 a/374 4.00 c/482 4.00 
4 b/736 4.00 c/924 5.00 a/593 
5 c/286 5.00 a/374 2.00 b/453 
6 c/736 4.00 b/924 5.00 a/593 
7 b/286 5.00 a/672 7.00 b/453 
8 a/736 5.00 b/482 5.00 c/593 
9 c/286 4.00 a/672 4.00 b/453 
10 a/374 4.00 b/482 5.00 c/593 
11 c/924 3.00 a/672 6.00 b/453 
12 b/374 5.00 c/482 6.00 a/593 

COLOR SCORES STORED POTATO CHIPS-5 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 3.00 c/482 
2 a/736 6.00 c/924 6.00 b/672 
3 b/286 4.00 a/374 5.00 c/482 
4 b/736 5.00 c/924 5.00 
5 c/286 6.00 a/374 4.00 
6 c/736 6.00 b/924 4.00 
7 b/286 4.00 a/672 
8 a/736 5.00 b/482 
9 c/286 4.00 a/672 
10 a/374 4.00 b/482 
11 c/924 5.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
5.00 
6.00 
3.00 

a/593 
b/453 
a/593 

6.00 b/453 
4.00 c/593 
3.00 b/453 
5.00 c/593 
5.00 b/453 
4.00 a/593 

Score 

5.00 
4.00 
4.00 
6.00 
5.00 
3.00 
4.00 
3.00 
5.00 

Score 

7.00 
5.00 
3.00 
8.00 
6.00 
4.00 
2.00 
4.00 
6.00 



COLOR SCORES FRESH POTATO CHIPS-IO Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product 
1 a/286 5.00 b/374 4.00 c/482 2.00 
2 a/736 4.00 c/924 5.00 b/672 5.00 
3 b/286 5.00 a/374 3.00 c/482 5.00 
4 b/736 7.00 c/924 5.00 a/593 
5 c/286 4.00 a/374 3.00 b/453 
6 c/736 6.00 b/924 4.00 a/593 
7 b/286 5.00 a/672 6.00 b/453 
8 a/736 5.00 b/482 4.00 c/593 
9 c/286 4.00 a/672 3.00 b/453 
10 a/374 4.00 b/482 6.00 c/593 
11 c/924 3.00 a/672 5.00 b/453 
12 b/374 2.00 c/482 7.00 a/593 

COLOR SCORES FRESH POTATO CHIPS-IO Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 6.00 b/374 5.00 c/482 
2 a/736 4.00 c/924 4.00 b/672 
3 b/286 5.00 a/374 4.00 c/482 
4 b/736 6.00 c/924 6.00 
5 c/286 5.00 a/374 3.00 
6 c/736 7.00 b/924 3.00 
7 b/286 6.00 a/672 
8 a/736 5.00 b/482 
9 c/286 4.00 a/672 
10 a/374 5.00 b/482 
11 c/924 2.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
3.00 
4.00 
5.00 

a/593 
b/453 
a/593 

7.00 b/453 
4.00 c/593 
3.00 b/453 
5.00 c/593 
4.00 b/453 
6.00 a/593 

Score 

5.00 
3.00 
4.00 
2.00 
6.00 
5.00 
4.00 
3.00 
5.00 

Score 

4.00 
3.00 
3.00 
3.00 
6.00 
5.00 
5.00 
4.00 
6.00 



COLOR SCORES FRESH POTATO CHIPS-IO Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product 
1 a/286 4.00 b/374 5.00 c/482 1.00 
2 a/736 2.00 c/924 5.00 b/672 4.00 
3 b/286 4.00 a/374 3.00 c/482 4.00 
4 b/736 6.00 c/924 5.00 a/593 
5 c/286 3.00 a/374 2.00 b/453 
6 c/736 5.00 b/924 3.00 a/593 
7 b/286 4.00 a/672 5.00 b/453 
8 a/736 3.00 b/482 3.00 c/593 
9 c/286 5.00 a/672 3.00 b/453 
10 a/374 3 b/482 5.00 c/593 
11 c/924 4 a/672 4.00 b/453 
12 b/374 2 c/482 6.00 a/593 

COLOR SCORES STORED POTATO CHIPS-IO Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 5.00 c/482 
2 a/736 4.00 c/924 3.00 b/672 
3 b/286 6.00 a/374 3.00 c/482 
4 b/736 5.00 c/924 4.00 
5 c/286 5.00 a/374 3.00 
6 c/736 7.00 b/924 5.00 
7 b/286 3.00 a/672 
8 a/736 5.00 b/482 
9 c/286 6.00 a/672 
10 a/374 4.00 b/482 
11 c/924 5.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product 
6.00 
4.00 
5.00 

a/593 
b/453 
a/593 

3.00 b/453 
7.00 c/593 
6.00 b/453 
5.00 c/593 
3.00 b/453 
6.00 a/593 

Score 

3.00 
2.00 
4.00 
3.00 
5.00 
5.00 
4.00 
3.00 
4.00 

Score 

5.00 
3.00 
4.00 
6.00 
4.00 
7.00 
6.00 
4.00 
5.00 



COLOR SCORES STORED POTATO CHIPS-IO Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 6.00 b/374 4.00 c/482 5.00 
2 a/736 5.00 c/924 3.00 b/672 3.00 
3 b/286 5.00 a/374 5.00 c/482 4.00 
4 b/736 3.00 c/924 5.00 a/593 3.00 
5 c/286 4.00 a/374 3.00 b/453 2.00 
6 c/736 5.00 b/924 5.00 a/593 3.00 
7 b/286 2.00 a/672 2.00 b/453 6.00 
8 a/736 3.00 b/482 6.00 c/593 3.00 
9 c/286 5.00 a/672 4.00 b/453 6.00 
10 a/374 3.00 b/482 4.00 c/593 5.00 
11 c/924 4.00.00 a/672 3.00 b/453 3.00 
12 b/374 4 c/482 4.00 a/593 4.00 

COLOR SCORES STORED POTATO CHIPS-IO Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 4.00 c/482 
2 a/736 3.00 c/924 3.00 b/672 
3 b/286 6.00 a/374 4.00 c/482 
4 b/736 4.00 c/924 3.00 
5 c/286 4.00 a/374 4.00 
6 c/736 6.00 b/924 4.00 
7 b/286 3.00 a/672 
8 a/736 4.00 b/482 
9 c/286 5.00 a/672 
10 a/374 2.00 b/482 
11 c/924 4.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
6.00 
3.00 
5.00 

a/593 5.00 
b/453 3.00 
a/593 3.00 

3.00 b/453 5.00 
7.00 c/593 5.00 
5.00 b/453 3.00 
4.00 c/593 5.00 
5.00 b/453 3.00 
2.00 a/593 4.00 



OVERALL LIKEABILITY FRESH POTATO CHIPS-0 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 5.00 b/374 5.00 c/482 7.00 
2 a/736 3.00 c/924 7.00 b/672 6.00 
3 b/286 1.00 a/374 3.00 c/482 4.00 
4 b/736 2.00 c/924 7.00 a/593 3.00 
5 c/286 7.00 a/374 4.00 b/453 5.00 
6 c/736 7.00 b/924 3.00 a/593 6.00 
7 b/286 4.00 a/672 4.00 b/453 7.00 
8 a/736 6.00 b/482 3.00 c/593 7.00 
9 c/286 5.00 a/672 7.00 b/453 4.00 
10 a/374 6.00 b/482 7.00 c/593 7.00 
11 c/924 6.00 a/672 3.00 b/453 7.00 
12 b/374 7.00 c/482 4.00 a/593 7.00 

OVERALL LIKEABILITY FRESH POTATO CHIPS-0 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 3.00 b/374 4.00 c/482 
2 a/736 5.00 c/924 7.00 b/672 
3 b/286 1.00 a/374 2.00 c/482 
4 b/736 4.00 c/924 6.00 
5 c/286 8.00 a/374 3.00 
6 c/736 7.00 b/924 2.00 
7 b/286 3.00 a/672 
8 a/736 8.00 b/482 
9 c/286 7.00 a/672 
10 a/374 4 b/482 
11 c/924 4 a/672 
12 b/374 7 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
5.00 
5.00 
3.00 

a/593 3.00 
b/453 3.00 
a/593 3.00 

4.00 b/453 6.00 
3.00 c/593 4.00 
7.00 b/453 2.00 
7.00 c/593 5.00 
3.00 b/453 4.00 
4.00 a/593 5.00 



OVERALL LIKEABILITY FRESH POTATO CHIPS-0 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product Score 
I a/286 5.00 b/374 6.00 c/482 6.00 
2 a/736 5.00 c/924 8.00 b/672 5.00 
3 b/286 3.00 a/374 5.00 c/482 3.00 
4 b/736 3.00 c/924 6.00 a/593 3.00 
5 c/286 7.00 a/374 5.00 b/453 3.00 
6 c/736 7.00 b/924 4.00 a/593 4.00 
7 b/286 5.00 a/672 5.00 b/453 9.00 
8 a/736 6.00 b/482 3.00 c/593 5.00 
9 c/286 4.00 a/672 7.00 b/453 3.00 
10 a/374 5.00 b/482 6.00 c/593 7.00 
11 c/924 6.00 a/672 5.00 b/453 4.00 
12 b/374 7.00 c/482 5.00 a/593 7.00 

OVERALL LIKEABILITY STORED POTATO CHIPS-0 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 4.00 b/374 8.00 c/482 
2 a/736 5.00 c/924 8.00 b/672 
3 b/286 3.00 a/374 4.00 c/482 
4 b/736 3.00 c/924 7.00 
5 c/286 6.00 a/374 6.00 
6 c/736 7.00 b/924 1.00 
7 b/286 2.00 a/672 

8 a/736 5.00 b/482 
9 c/286 3.00 a/672 
10 a/374 3.00 b/482 
11 c/924 6.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
6.00 
8.00 
7.00 

a/593 4.00 
b/453 6.00 
a/593 5.00 

6.00 b/453 3.00 
4.00 c/593 8.00 
3.00 b/453 4.00 
4.00 c/593 5.00 
6.00 b/453 3.00 
7.00 a/593 6.00 



OVERALL LIKEABILITY STORED POTATO CHIPS-0 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
I a/286 5.00 b/374 8.00 c/482 5.00 
2 a/736 5.00 c/924 7.00 b/672 6.00 
3 b/286 4.00 a/374 4.00 c/482 5.00 
4 b/736 5.00 c/924 7.00 a/593 3.00 
5 c/286 6.00 a/374 6.00 b/453 7.00 
6 c/736 6.00 b/924 3.00 a/593 6.00 
7 b/286 3.00 a/672 4.00 b/453 2.00 
8 a/736 5.00 b/482 4.00 c/593 8.00 
9 c/286 4.00 a/672 3.00 b/453 3.00 
10 a/374 3.00 b/482 4.00 c/593 5.00 
11 c/924 5.00 a/672 4.00 b/453 2.00 
12 b/374 4.00 c/482 5.00 a/593 7.00 

OVERALL LIKEABILITY STORED POTATO CHIPS-0 Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 7.00 c/482 
2 a/736 6.00 c/924 8.00 b/672 
3 b/286 4.00 a/374 4.00 c/482 
4 b/736 5.00 c/924 6.00 
5 c/286 6.00 a/374 4.00 
6 c/736 6.00 b/924 2.00 
7 b/286 3.00 a/672 
8 a/736 6.00 b/482 
9 c/286 3.00 a/672 
IO a/374 3.00 b/482 
11 c/924 6.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
5.00 
7.00 
5.00 

a/593 4.00 
b/453 6.00 
a/593 5.00 

4.00 b/453 4.00 
4.00 c/593 7.00 
2.00 b/453 4.00 
4.00 c/593 5.00 
5.00 b/453 3.00 
5.00 a/593 6.00 



OVERALL LIKEABILITY FRESH POTATO CHIPS-5 Hr FRYING TRIAL I 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 7.00 b/374 6.00 c/482 6.00 
2 a/736 2.00 c/924 5.00 b/672 5.00 
3 b/286 5.00 a/374 3.00 c/482 4.00 
4 b/736 6.00 c/924 4.00 a/593 6.00 
5 c/286 5.00 a/374 7.00 b/453 5.00 
6 c/736 7.00 b/924 4.00 a/593 4.00 
7 b/286 6.00 a/672 7.00 b/453 5.00 
8 a/736 3.00 b/482 3.00 c/593 6.00 
9 c/286 4.00 a/672 6.00 b/453 5.00 
IO a/374 3.00 b/482 7.00 c/593 4.00 
11 c/924 4.00 a/672 4.00 b/453 6.00 
12 b/374 3.00 c/482 4.00 a/593 4.00 

OVERALL LIKEABILITY FRESH POTATO CHIPS-5 Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 5.00 c/482 
2 a/736 3.00 c/924 4.00 b/672 
3 b/286 6.00 a/374 3.00 c/482 
4 b/736 7.00 c/924 4.00 
5 c/286 6.00 a/374 5.00 
6 c/736 8.00 b/924 4.00 
7 b/286 7.00 a/672 
8 a/736 4.00 b/482 
9 c/286 3.00 a/672 
10 a/374 3.00 b/482 
11 c/924 4.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
6.00 
6.00 
3.00 

a/593 7.00 
b/453 4.00 
a/593 5.00 

6.00 b/453 6.00 
2.00 c/593 8.00 
6.00 b/453 6.00 
7.00 c/593 4.00 
5.00 b/453 5.00 
5.00 a/593 3.00 



OVERALL LIKEABILITY FRESH POTATO CHIPS-5 Hr FR YING TRIAL III 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 6.00 b/374 5.00 c/482 7.00 
2 a/736 3.00 c/924 5.00 b/672 6.00 
3 b/286 4.00 a/374 4.00 c/482 4.00 
4 b/736 7.00 c/924 3.00 a/593 7.00 
5 c/286 6.00 a/374 6.00 b/453 4.00 
6 c/736 7.00 b/924 4.00 a/593 5.00 
7 b/286 7.00 a/672 7.00 b/453 6.00 
8 a/736 3.00 b/482 3.00 c/593 7.00 
9 c/286 3.00 a/672 5.00 b/453 5.00 
10 a/374 3.00 b/482 6.00 c/593 3.00 
11 c/924 3.00 a/672 5.00 b/453 6.00 
12 b/374 4.00 c/482 5.00 a/593 3.00 

OVERALL LIKEABILITY STORED POTATO CHIPS-5Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 4.00 b/374 3.00 c/482 
2 a/736 5.00 c/924 4.00 b/672 
3 b/286 3.00 a/374 3.00 c/482 
4 b/736 4.00 c/924 5.00 
5 c/286 2.00 a/374 2.00 
6 c/736 4.00 b/924 3.00 
7 b/286 3.00 a/672 

8 a/736 2.00 b/482 
9 c/286 4.00 a/672 
10 a/374 5.00 b/482 
11 c/924 4.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
8.00 
5.00 
6.00 

a/593 5.00 
b/453 4.00 
a/593 7.00 

3.00 b/453 8.00 
6.00 c/593 6.00 
5.00 b/453 3.00 
2.00 c/593 8.00 
3.00 b/453 2.00 
1.00 a/593 2.00 



OVERALL LIKEABILITY STORED POTATO CHIPS-5Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
I a/286 5.00 b/374 4.00 c/482 7.00 
2 a/736 6.00 c/924 3.00 b/672 5.00 
3 b/286 2.00 a/374 4.00 c/482 7.00 
4 b/736 5.00 c/924 6.00 a/593 6.00 
5 c/286 3.00 a/374 3.00 b/453 5.00 
6 c/736 6.00 b/924 2.00 a/593 8.00 
7 b/286 4.00 a/672 4.00 b/453 9.00 
8 a/736 3.00 b/482 7.00 c/593 4.00 
9 c/286 4.00 a/672 6.00 b/453 4.00 
10 a/374 6.00 b/482 4.00 c/593 6.00 
11 c/924 3.00 a/672 5.00 b/453 3.00 
12 b/374 4.00 c/482 2.00 a/593 3.00 

OVERALL LIKEABILITY STORED POTATO CHIPS-5Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 4.00 c/482 
2 a/736 5.00 c/924 6.00 b/672 
3 b/286 3.00 a/374 5.00 c/482 
4 b/736 4.00 c/924 7.00 
5 c/286 3.00 a/374 4.00 
6 c/736 5.00 b/924 3.00 
7 b/286 4.00 a/672 

8 a/736 3.00 b/482 
9 c/286 4.00 a/672 
10 a/374 7.00 b/482 
11 c/924 3.00 a/672 

12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
7.00 
6.00 
6.00 

a/593 6.00 
b/453 4.00 
a/593 6.00 

5.00 b/453 7.00 
7.00 c/593 5.00 
6.00 b/453 4.00 
4.00 c/593 6.00 
5.00 b/453 3.00 
2.00 a/593 4.00 



OVERALL LIKEABILITY FRESH POTATO CHIPS-IO Hr FR YING TRIAL I 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 6.00 b/374 5.00 c/482 5.00 
2 a/736 5.00 c/924 3.00 b/672 6.00 
3 b/286 6.00 a/374 6.00 c/482 4.00 
4 b/736 7.00 c/924 4.00 a/593 6.00 
5 c/286 4.00 a/374 2.00 b/453 7.00 
6 c/736 3.00 b/924 4.00 a/593 7.00 
7 b/286 3.00 a/672 6.00 b/453 2.00 
8 a/736 3.00 b/482 5.00 c/593 4.00 
9 c/286 6.00 a/672 4.00 b/453 5.00 
10 a/374 2.00 b/482 5.00 c/593 5.00 
11 c/924 3.00 a/672 1.00 b/453 2.00 
12 b/374 2.00 c/482 2.00 a/593 3.00 

OVERALL LIKEABILITY FRESH POTATO CHIPS-IO Hr FRYING TRIAL II 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 6.00 c/482 
2 a/736 6.00 c/924 2.00 b/672 
3 b/286 7.00 a/374 5.00 c/482 
4 b/736 9.00 c/924 5.00 
5 c/286 5.00 a/374 3.00 
6 c/736 2.00 b/924 5.00 
7 b/286 4.00 a/672 
8 a/736 2.00 b/482 
9 c/286 6.00 a/672 
10 a/374 3.00 b/482 
11 c/924 4.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
6.00 
8.00 
5.00 

a/593 7.00 
b/453 6.00 
a/593 7.00 

7.00 b/453 3.00 
6.00 c/593 5.00 
5.00 b/453 6.00 
6.00 c/593 7.00 
2.00 b/453 4.00 
4.00 a/593 5.00 



OVERALL LIKEABILITY FRESH POTATO CHIPS-IO Hr FRYING TRIAL III 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 7.00 b/374 5.00 c/482 5.00 
2 a/736 5.00 c/924 4.00 b/672 7.00 
3 b/286 6.00 a/374 3.00 c/482 4.00 
4 b/736 7.00 c/924 4.00 a/593 6.00 
5 c/286 4.00 a/374 5.00 b/453 7.00 
6 c/736 2.00 b/924 4.00 a/593 6.00 
7 b/286 4.00 a/672 6.00 b/453 2.00 
8 a/736 3.00 b/482 6.00 c/593 3.00 
9 c/286 5.00 a/672 5.00 b/453 5.00 
10 a/374 3.00 b/482 5.00 c/593 6.00 
11 c/924 4.00 a/672 3.00 b/453 3.00 
12 b/374 3.00 c/482 3.00 a/593 4.00 

OVERALL LIKEABILITY STORED POTATO CHIPS-IO Hr FRYING TRIAL I 

Panelist Product Score Product Score Product 
1 a/286 7.00 b/374 4.00 c/482 
2 a/736 4.00 c/924 1.00 b/672 
3 b/286 4.00 a/374 5.00 c/482 
4 b/736 5.00 c/924 3.00 
5 c/286 2.00 a/374 5.00 
6 c/736 3.00 b/924 3.00 
7 b/286 4.00 a/672 
8 a/736 5.00 b/482 
9 c/286 3.00 a/672 
10 a/374 5.00 b/482 
11 c/924 3.00 a/672 
12 b/374 4.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
2.00 
3.00 
3.00 

a/593 5.00 
b/453 7.00 
a/593 3.00 

4.00 b/453 6.00 
2.00 c/593 2.00 
6.00 b/453 5.00 
6.00 c/593 6.00 
7.00 b/453 3.00 
7.00 a/593 5.00 



OVERALL LIKEABILITY STORED POTATO CHIPS-IO Hr FRYING TRIAL II 

Panelist Product Score Product Score Product Score Product Score 
1 a/286 5.00 b/374 3.00 c/482 1.00 
2 a/736 3.00 c/924 2.00 b/672 3.00 
3 b/286 5.00 a/374 4.00 c/482 4.00 
4 b/736 4.00 c/924 3.00 a/593 6.00 
5 c/286 3.00 a/374 5.00 b/453 6.00 
6 c/736 2.00 b/924 4.00 a/593 5.00 
7 b/286 3.00 a/672 6.00 b/453 5.00 
8 a/736 4.00 b/482 4.00 c/593 3.00 
9 c/286 4.00 a/672 6.00 b/453 5.00 
10 a/374 4.00 b/482 5.00 c/593 7.00 
11 c/924 3.00 a/672 6.00 b/453 4.00 
12 b/374 3.00 c/482 7.00 a/593 6.00 

OVERALL LIKEABILITY STORED POTATO CHIPS-IO Hr FRYING TRIAL III 

Panelist Product Score Product Score Product 
1 a/286 5.00 b/374 3.00 c/482 
2 a/736 3.00 c/924 2.00 b/672 
3 b/286 4.00 a/374 4.00 c/482 
4 b/736 5.00 c/924 4.00 
5 c/286 3.00 a/374 6.00 
6 c/736 2.00 b/924 4.00 
7 b/286 2.00 a/672 
8 a/736 4.00 b/482 
9 c/286 4.00 a/672 
10 a/374 4.00 B /482 
11 c/924 4.00 a/672 
12 b/374 3.00 c/482 

CODES: 286 & 736: CSO fried chips 
374 & 924: HOLLCA fried chips 
482 & 672: 50-50 HOLLCA-CSO fried chips 
593 & 453: 75-25 HOLLCA-CSO fried chips 
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Score Product Score 
3.00 
4.00 
5.00 

a/593 6.00 
b/453 8.00 
a/593 3.00 

5.00 b/453 5.00 
4.00 c/593 1.00 
6.00 b/453 4.00 
5.00 c/593 6.00 
5.00 b/453 3.00 
6.00 a/593 5.00 



APPENDIXE 

Statistical Outputs of Chemical Analysis Data 
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FFA AT 0 Hr OF FRYING 

FFA 

N Mean Std. Deviation 
1 3 

2 3 

3 3 

4 3 

Total 12 

FFA 

Minimum 
1 .020 

2 .030 

3 .030 

4 .040 

Total .020 

FFA 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

.03000 

.03333 

.03833 

.04500 

.03667 

Maximum 
.040 

.040 

.045 

.050 

.050 

Sum of 
Souares 

.000 

.000 

.001 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

.010000 

.005774 

.007638 

.005000 

.008616 

ANOVA 

df 
3 

8 

11 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound UooerBound 
.005774 .00516 .05484 

.003333 .01899 .04768 

.004410 .01936 .05731 

.002887 .03258 .05742 

.002487 .03119 .04214 

Descriptives 

Mean Sauare F Sia. 
.000 2.359 .148 

.000 
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FFA AT5HrOFFRYING 

FFA 

N Mean Std. Deviation 
1 3 

2 3 

3 3 

4 3 

Total 12 

FFA 

Minimum 
1 .200 

2 .220 

3 .230 

4 .230 

Total .200 

FFA 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

.42667 

.36000 

.43000 

.45000 

.41667 

Maximum 
.540 

.440 

.580 

.600 

.600 

Sum of 
Sauares 

.014 

.247 

.261 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

.196299 

.121655 

.180278 

.194679 

.154115 

ANOVA 

df 
3 

8 

11 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound Unner Bound 

.113333 -.06097 .91430 

.070238 .05779 .66221 

.104083 -.01783 .8TT83 

.112398 -.03361 .93361 

.044489 .31875 .51459 

Descriptives 

Mean Sauare F Sia. 
.005 .149 .928 

.031 
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FFA AT 10 Hr OF FRYING 

FFA 

N Mean Std. Deviation 
1 3 

2 3 

3 3 

4 3 

Total 12 

FFA 

Minimum 
1 .400 

2 .420 

3 .620 

4 .360 

Total .360 

FFA 

Between Groups 

Wrthin Groups 

Total 

l=CSO 
2=HOLLCA 

1.01000 

.74333 

.92000 

.86000 

.88333 

Maximum 
1.520 

1.030 

1.090 

1.130 

1.520 

Sum of 
Sauares 

.113 

1.342 

1.454 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

.566657 

.306649 

.260576 

.433474 

.363627 

ANOVA 

df 
3 

8 

11 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound Urmer Bound 
.327159 -.39765 2.41765 

.1n044 -.01842 1.50509 

.150444 .27269 1.56731 

.250267 -.21681 1.93681 

.104970 .65230 1.11437 

Descriptives 

Mean Sauare F Sia. 
.038 .224 .an 
.168 
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FFA AT 15 Hr OF FRYING 

FFA 

N Mean Std. Deviation 
1 3 

2 3 

3 3 

4 3 

Total 12 

FFA 

Minimum 
1 .980 

2 .900 

3 1.180 

4 .640 

Total .640 

FFA 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

1.43000 

1.18667 

1.40667 

1.32000 

1.33583 

Maximum 
1.920 

1.560 

1.530 

1.670 

1.920 

Sum of 
Sauares 

.109 

1.444 

1.553 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

.471275 

.338428 

.196554 

.588982 

.375801 

ANOVA 

df 
3 

8 

11 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound Uooer Bound 
.272091 .25929 2.60071 

.195391 .34597 2.02737 

.113480 .91840 1.89493 

.340049 -.14311 2.78311 

.108484 1.09706 1.57461 

Descriptives 

Mean Souare F Sia. 
.036 .202 .892 

.181 
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p AV FRESH and STORED OILS AT OH OF FRYING 

Descriptives 

AV D, 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Unoer Bound 
1 3 3.2100 1.04704 .60451 .6090 5.8110 

2 3 1.8100 .21656 .12503 1.2720 2.3480 

3 3 2.2600 .93536 .54003 -.0636 4.5836 

4 3 1.8500 .36510 .21079 .9430 2.7570 

5 3 8.5467 1.54500 .89201 4 .7087 12.3847 

6 3 5.4533 .52003 .30024 4.1615 6.7452 

7 3 5.8067 1.35001 .77943 2.4531 9.1603 

8 3 5.8100 1.88502 1.08832 1.1274 10.4926 

Total 24 4.3433 2.50846 .51204 3.2841 5.4026 

Descriptives 

DAV 

Minimum Maximum 
1 2.02 3.99 

2 1.58 2.01 

3 1.18 2.81 

4 1.48 2.21 

5 7.00 10.09 

6 4.93 5.97 

7 4.46 7.16 

8 3.92 7.69 

Total 1.18 10.09 

ANOVA 

AV p, 

Sum of 
Sauares df MeanSauare F Sia. 

Between Group$ 124.355 7 17.765 13.954 .000 

Within Groups 20.369 16 1.273 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT OH OF FRYING (Continued) 

Post Hoc Tests 

Multiple Comparisons 

pAV 
T D ukev HS 

95% Confidence Interval 

Mean 
Difference (I-

(l)nil f.l\ nil J) Std. Error Sia. Lower Bound UnOAr Bound 
1 2 1.40000 .92126 .787 -1.7896 4.5896 

3 .95000 .92126 .962 -2.2396 4.1396 

4 1.36000 .92126 .809 -1.8296 4.5496 

5 -5.33667"' .92126 .001 -8.5262 -2.1471 

6 -2.24333 .92126 .289 -5.4329 .9462 

7 -2.59667 .92126 .15& -5.7862 .5929 

8 -2.60000 .92126 .157 -5.7896 .5896 

2 1 -1.40000 .92126 .787 -4.5896 1.7896 

3 -.45000 .92126 1.000 -3.6396 2.7396 

4 -.04000 .92126 1.000 -3.2296 3.1496 

5 -6.73667. .92126 .000 -9.9262 -3.5471 

6 -3.64333. .92126 .020 -6.8329 -.4538 

7 -3.99667. .92126 .009 -7.1862 -.8071 

8 -4.ooooo· .92126 .009 -7. 1896 -.8104 

3 1 -.95000 .92126 .962 -4.1396 2.2396 

2 .45000 .92126 1.000 -2.7396 3.6396 

4 .41000 .92126 1.000 -2.TT96 3.5996 

5 -6.28667. .92126 .000 -9.4762 -3.0971 

6 -3.19333* .92126 .050 -6.3829 -.0038 

7 -3.54667* .92126 .024 -6.7362 -.3571 

8 -3.55000" .92126 .024 -6.7396 -.3604 

4 1 -1.36000 .92126 .609 -4.5496 1.6296 

2 .04000 .92126 1.000 -3.1496 3.2296 

3 -.41000 .92126 1.000 -3.5996 2.7796 

5 -6.69667* .92126 .000 -9.8862 -3.5071 

6 -3.60333. .92126 .021 -6.7929 -.4138 

7 -3.95667'" .92126 .010 -7.1462 -.7671 

8 -3.96000. .92126 .010 -7.1496 -.7704 

*. The mean difference is significant at the 0.05 level. 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT OH OF FRYING (Continued) 

Multiple Comparisons 

pAV 
T k HSD u ev 

95% Confidence Interval 

Mean 

rnna r.n Oif 
Difference (I-

J) Stet Error Sia. Lower Bound UnnerBound 
5 1 5.33667. .92126 .001 2.1471 8.5262 

2 6.73667" .92126 .000 3.5471 9.9262 

3 6.28667" .92126 .000 3.0971 9.4762 

4 6.69667* .92126 .000 3.5071 9.8862 

6 3.09333 .92126 .061 -.0962 6.2829 

7 2.74000 .92126 .121 -.4496 5.9296 

8 2.73667 .92126 .122 -.4529 5.9262 

6 1 2.24333 .92126 .289 -.9462 5.4329 

2 3.64333* .92126 .020 .4538 6.8329 

3 3.19333. .92126 .050 .0038 6.3829 

4 3.60333* .92126 .021 .4138 6.7929 

5 -3.09333 .92126 .061 -6.2829 .0962 

7 -.35333 .92126 1.000 -3.5429 2.8362 

8 -.35667 .92126 1.000 -3.5462 2.8329 

7 1 2.59667 .92126 .158 -.5929 5.7862 

2 3.99687* .92128 .000 .8071 7.1862 

3 3.54667. .92126 .024 .3571 6.7362 

4 3.95667* .92126 .010 .7671 7.1462 

5 -2.74000 .92126 .121 -5.9296 .4496 

6 .35333 .92126 1.000 -2.8362 3.5429 

8 -.00333 .92126 1.000 -3.1929 3.1862 

8 1 2.60000 .92126 .157 -.5896 5.7896 

2 4.ooooo· .92126 .009 .8104 7.1896 

3 3_55000• .92126 .024 .3604 6.7396 

4 3.96000'" .92126 .010 .7704 7.1496 

5 -2.73667 .92126 .122 -5.9262 .4529 

6 .35667 .92126 1.000 -2.6329 3.5462 

7 .00333 .92126 1.000 -3.1862 3.1929 

•. The mean difference is significant at the 0.05 level. 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 

175 



p AV FRESH and STORED OILS AT 5 HOF FRYING 

Descriptives 

AV D. 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 3 3.2100 1.04704 .60451 .6090 5.8110 

2 3 1.8100 ;21656 .12503 1.2720 2.3480 

3 3 2.2600 .93536 .54003 -.0636 4.5836 

4 3 1.8500 .36510 .21079 .9430 2.7570 

5 3 8.5467 1.54500 .89201 4.7087 12.3847 

6 3 5.4533 .52003 .30024 4.1615 6.7452 

7 3 5.8067 1.35001 .TT943 2.4531 9.1603 

8 3 5.8100 1.88502 1.08832 1.1274 10.4926 

Total 24 4.3433 2.50846 .51204 3.2841 5.4026 

Descriptives 

AV D, 

Minimum Maximum 
1 2.02 3.99 

2 1.58 2.01 

3 1.18 2.81 

4 1.48 2.21 

5 7.00 10.09 

6 4.93 5.97 

7 4.46 7.16 

8 3.92 7.69 

Total 1.18 10.09 

ANOVA 

DAV 
Sum of 

Mean Sauare F Sia. Sauares df 

Between Groups 124.355 7 17.765 13.954 .000 

Within Groups 20.369 16 1.273 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT 5 HOF FRYING (Continued) 

Post Hoc Tests 

Multiple Comparisons 

pAV 
Tukev HSD 

95% Confidence Interval 

Mean 
Difference (I-

fl) ()ii f I\ nil J) Std. Error Sia. Lower Bound Uooer Bound 
1 2 2.84333 1.94987 .818 -3.9074 9.5941 

3 2.96333 1.94987 .787 -3.7874 9.7141 

4 2.20000 1.94987 .941 -4.5507 8.9507 

5 3.03333 1.94987 .768 -3.7174 9.7841 

6 6.41333 1.94987 .069 -.3374 13.1641 

1 3.31000 1.94987 .6&9 -3.4407 10.0607 

8 6.43000 1.94987 .068 -.3207 13.1807 

2 1 -2.84333 1.94987 .818 -9.5941 3.9074 

3 .12000 1.94987 1.000 -6.6307 6.8707 

4 -.64333 1.94987 1.000 -7.3941 6.1074 

5 .19000 1.94987 1.000 -6.5607 6.9407 

6 3.57000 1.94987 .610 -3.1807 10.3207 

7 .46667 1.94987 1.000 -6.2841 7.2174 

8 3.58867 1.9"'967 .605 -3.1641 10.3374 

3 1 -2.96333 1.94987 .787 -9.7141 3.7874 

2 -.12000 1.94987 1.000 -6.8707 6.6307 

4 -.76333 1.94987 1.000 -7.5141 5.9874 

5 .07000 1.94987 1.000 -6.6807 6.8207 

6 3.45000 1.94987 .647 -3.3007 10.2007 

7 .34667 1.94987 1.000 -6.4041 7.0974 

8 3.46667 1.94987 .642 -3.2841 10.2174 

4 1 -2..20000 1.94987 .941 -6.9507 4.5507 

2 .64333 1.94987 1.000 -6.1074 7.3941 

3 .76333 1.94987 1.000 -5.9874 7.5141 

5 .83333 1.94987 1.000 -5.9174 7.5841 

6 4.21333 1.94987 .421 -2.5374 10.9641 

7 1.11000 1.94987 .999 -5.6407 7.8607 

8 4.23000 1.94987 .416 -2.5207 10.9807 
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p AV FRESH and STORED OILS AT 5 HOF FRYING (Continued) 

Multiple Comparisons 

pAV 
T k HSD u ev 

95% Confidence lnterval 

Mean 
Difference (I• 

(I\ nil U\nil Jl Std. Error Sia. Lower Bound Uooer Bound 
5 1 •3.03333 1.94987 .768 -9.7841 3.7174 

2 -.19000 1.94987 1.000 -6.9407 6.5607 

3 -.07000 1.94987 1.000 -6.8207 6.6807 

4 -.83333 1.94987 1.000 -7.5841 5.9174 

6 3.38000 1.94987 .668 -3.3707 10.1307 

7 .21667 1.94987 1.000 -6.4741 7.0274 

8 3.39667 1.94987 .663 -3.3541 10.1474 

6 1 -6.41333 1.94987 .069 -13.1641 .3374 

2 -3.57000 1.94987 .610 -10.3207 3.1807 

3 -3.45000 1.94987 .647 -10.2007 3.3007 

4 -4.21333 1.94987 .421 -10.9641 2.5374 

5 -3.38000 1.94987 .668 -10.1307 3.3707 

7 -3.10333 1.94987 .749 -9.8541 3.6474 

8 .01667 1.94987 1.000 -6.7341 6 .7674 

7 1 -3.31000 1.94987 .689 -10.0607 3.4407 

2 -.48667 1.94987 1.000 -7.2174 6.2841 

3 -.34667 1.94987 1.000 -7.0974 6.4041 

4 -1.11000 1.94987 .999 -7.8607 5.6407 

5 -.27667 1.94987 1.000 -7.0274 6.4741 

6 3.10333 1.94987 .749 -3.6474 9.8541 

8 3.12000 1.94987 .744 -3.6307 9.8707 

8 1 -6.43000 1.94987 .068 -13.1807 .3207 

2 -3.58667 1.94987 .605 -10.3374 3.1641 

3 -3.46667 1.94987 .642 -10.2174 3.2841 

4 -4.23000 1.94987 .416 -10.9807 2.5207 

5 -3.39667 1.94987 .663 -10.1474 3.3541 

6 -.01667 1.94987 1.000 -6.7'674 6.7341 

7 -3.12000 1.94987 .744 -9.8707 3.6307 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT 10 HOF FRYING 

Descriptives 

oAV 
95% Confidence Interval for 

Mean 

N Mean 
' 

Std. Deviation Std. Error Lower Bound Uooer Bound 
1 3 22.2033 8.62399 4.97906 .7802 43.6265 

2 3 15.7067 2'48011 1.43189 9.5457 21.8676 

3 3 17.2767 4.39500 2.53745 6.3589 28.1945 

4 3 18.9800 (S:05974 3.49859 3.9268 34.0332 

5 3 17.9133 6.17000 3.56225 2.5862 33.2405 

6 3 12.3967 1.87004 1.07967 7.7512 17.0421 

7 3 13.1333 1.93500 1.11717 8.3265 17.9401 

8 3 18.2200 9.72000 5.61184 -5.9258 42.3658 

Total 24 16.9788 5.77217 1.17824 14.5414 19.4161 

Descriptives 

AV D, 

Minimum Maximum 
1 15.24 31.85 

2 13.24 18.20 

3 12.55 21.24 

4 12.56 24.60 

5 11 .74 24.08 

8 10.52 14.26 

7 11.20 15.07 

8 8.50 27.94 

Total 8.50 31.85 

ANOVA 

D AV 
Sum of 

Souares df Mean Souare F Sia. 
Between Groups 213.615 7 30.516 .683 .541 

Within Groups 552.698 16 34.544 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT 10 HOF FRYING (Continued) 

Multiple Comparisons 

pAV 
T k HSD u ev 

95% Confidence Interval 

Mean 

mnn {J\ ()if 
Difference (I-

J) . Std .. Error Sia. Lower Bound UnnerBound 
1 2 6.49667 4.79886 .865 -10.1177 23.1111 

3 4.92667 4.79886 .963 -11.6877 21.5411 

4 3.22333 4.79886 .997 -13.3911 19.83TT 

5 4.29000 4.79886 .982 -12.3244 20.9044 

6 9.80667 4.79886 .486 -6.8077 26.4211 

1 9.07000 4.79888 .575 -7.5444 25.6844 

8 3.98333 4.79886 .988 -12.6311 20.5977 

2 1 -6.49667 4.79886 .865 -23.1111 10.1177 

3 -1.57000 4.79886 1.000 -18.1844 15.0444 

4 -3.27333 4.79886 .996 -19.8877 13.3411 

5 -2.20667 4.79886 1.000 -18.8211 14.4077 

6 3.31000 4.79886 .996 -13.3044 19.9244 

7 2.57333 4.79886 .999 -14.0411 19.1877 

8 -2.51333 4.79886 .999 -19.1277 14.1011 

3 1 -4.92667 4.79886 .963 -21.5411 11.6877 

2 1.57000 4.79886 1.000 -15.0444 18.1844 

4 -1.70333 4.79886 1.000 -18.3177 14.9111 

5 -.63667 4.79886 1.000 -17.2511 15.9777 

6 4.88000 4.79886 .965 -11.7344 21.4944 

7 4.14333 4.79886 .986 -12.4711 20.7577 

8 -.94333 4.79886 1.000 -17.5577 15.6711 

4 1 -3.22~~ 4.79886 .997 -19.63TT 13.3911 

2 3.27333 4.79886 .996 -13.3411 19.8877 

3 1.70333 4.79886 1.000 -14.9111 18.3177 

5 1.06667 4.79886 1.000 -15.5477 17.6811 

6 6.58333 4.79886 .857 -10.0311 23.1977 

7 5.84667 4.79886 .915 -10.7677 22.4611 

8 .76000 4.79886 1.000 -15.8544 17.3744 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT 10 HOF FRYING (Continued) 

Multiple Comparisons 

pAV 
T k HSD u ev . . 

95% Confidence Interval 

Mean 
Difference (I~ 

m rn, r.n na J) Std. Error Sia. Lower Bound Uooer Bound 
5 1 -4.29000 4.79886 .982 -20.9044 12.3244 

2 2.20667 4.79886 1.000 -14.4077 18.8211 

3 .63667 4.79886 1.000 -1s.9n1 17.2511 

4 -1.06667 4.79886 1.000 -17.6811 15.5477 

6 5.51667 4.79886 .935 -11.0977 22.1311 

7 4.78000 4.79886 .968 -11.8344 21.3944 

8 -.30667 4.79886 1.000 -16.9211 16.3077 

6 1 -9.80667 4.79886 .466 -26.4211 6.8077 

2 -3.31000 4.79886 .996 -19.9244 13.3044 

3 -4.88000 4.79886 .965 -21.4944 11.7344 

4 ..S.58333 4.79886 .857 -23.1977 10.0311 

5 -5.51667 4.79886 .935 -22.1311 11.0977 

7 -.73667 4.79886 1.000 -17.3511 15.Bn7 
8 -5.82333 4.79886 .916 -22.4377 10.7911 

7 1 -9.07000 4.79886 .575 -25.6844 7.5444 

2 -2.57333 4.79886 .999 -19. ,an 14-.0411 

3 -4.14333 4.79886 .986 -20.7577 12.4711 

4 -5.84667 4.79886 .915 -22.4611 10.7677 

5 --4.78000 4.79886 .968 -21.3944 11.8344 

6 .73667 4.79886 1.000 -1s.am 17.3511 

8 -5.08667 4.79886 .957 -21.7011 11.5277 

8 1 -3.98333 4.79886 .988 -20.5977 12.6311 

2 2.51333 4.79886 .999 -14.1011 19.1277 

3 .94333 4.79886 1.000 -15.6711 17.5577 

4 -.76000 4.79886 1.000 -17.3744 15.8544 

5 .30667 4.79886 1.000 -16.3077 16.9211 

6 5.82333 4.79886 .916 -10.7911 22.4377 

7 5.08667 4.79886 .957 -11.s2n 21.7011 
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p AV FRESH and STORED OILS AT 15 HOF FRYING 

AV D, 
. . 

N Mean ·., Std. Deviation 
1 3 23.7433 9.30183 

2 3 16.1533 · 4.85718 

3 3 18.9233 3.67492 

4 3 21.9733' 9.53644 

5 3 16.1967 5.99001 

6 3 11.6100 1.95502 

7 3 11.8167 ' 3.60500 

8 3 18.4500 10.54000 

Total 24 17.3583 7.08181 

oA\J 

Minimum Maximum 
1 15.68 33.92 

2 11.85 21.42 

3 14.68 21.07 

4 15.15 32.87 

5 10.20 22.18 

6 9.85 13.56 

7 8.21 15.42 

8 7.91 28.99 

Total 7.91 33.92 

ANOVA 

AV D, 

Sum of 
Souares df 

Between Groups 396.767 7 

Wrthin Groups 756.710 16 

CODES: 1 = Fresh CSO 
2= Fresh HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error , Lower Bound ,. Uooer Bound 
5.37041 .6363 46.8504 

2.80430 4.0874 28.2192 

2.12172 9.7943 28.0523 

5.50586 -1.7165 45.6632 

3.45833 1.3167 31.0767 

1.12873 6.7535 16.4665 

2.08135 2.8613 20.7720 

6.08527 -7.7328 44.6328 

1.44557 14.3679 20.3487 

Descriptives 

Mean Sauare F Sia. 
56.664 1.199 .356 

47.294 

5= Stored CSO 
6= Stored HOLLCA 
7= Stored 50-50 HOLLCA-CSO 
8= Stored 75-25 HOLLCA-CSO 
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p AV FRESH and STORED OILS AT 15 HOF FRYING (Continued) 

Post Hoc Tests 

Multiple Comparisons 

pAV 
T k HSD u ev 

95% CanWdence Interval 

Mean 
Difference (I-

{l)Oil (.J\ nil J) Std. Error Sia. Lower Bound UnoerBound 
1 2 7.59000 5.61512 .866 -11.8504 27.0304 

3 4.82000 5.61512 .986 -14.6204 24.2604 

4 1.nooo 5.61512 1.000 -17.6704 21.2104 

5 7.54667 5.61512 .869 -11.8937 26.9871 

6 12.13333 5.61512 .421 -7.3071 31.5737 

7 11.92667 5.61512 .441 -7.5137 31.3671 

8 5.29333 5.61512 .976 -14.1471 24.7337 

2 1 -7.59000 5.61512 .866 -27.0304 11.8504 

3 -2.77000 5.61512 1.000 -22.2104 16.6704 

4 -5.82000 5.61512 .961 -25.2604 13.6204 

5 -.04333 5.61512 1.000 -19.4837 19.3971 

6 4.54333 5.61512 .990 -14.8971 23.9837 

7 4.33667 5.61512 .992 -15.1037 23.7771 

B -2.29667 5.61512 1.000 -21.7371 17.1437 

3 1 -4.82000 5.61512 .986 -24.2604 14.6204 

2 2.nooo 5.61512 1.000 -16.6704 22.2104 

4 -3.05000 5.61512 .999 -22.4904 16.3904 

5 2.72667 5.61512 1.000 -16.7137 22.1671 

6 7.31333 5.61512 .885 -12.1271 26.7537 

7 7.10667 5.61512 .899 -12.3337 26.5471 

8 .47333 5.61512 1.000 -18.9671 19.9137 

4 1 -1.77000 5.61512 1.000 -21.2104 17.6704 

2 5.82000 5.61512 .961 -13.6204 25.2604 

3 3.05000 5.61512 .999 ·16.3904 22.4904 

5 s.n667 5.61512 .963 -13.6637 25.2171 

6 10.36333 5.61512 .602 -9.0TT1 29.8037 

7 10.15667 5.61512 .624 -9.2837 29.5971 

8 3.52333 5.61512 .998 ·15.9171 22.9637 
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p AV FRESH and STORED OILS AT 15 HOF FRYING (Continued) 

Multiple Comparisons 

pAV 
TukevHSD 

95% Confidence Interval 

Mean 
Difference (I-

mnn { f\ ("\if J) Std. Error Sia. tower Bound Unoer Bound 
5 1 -7.54667 5.61512 .869 ·26.9871 11.8937 

2 .04333 5.61512 1.000 -19.3971 19.4837 

3 -2.72667 5.61512 1.000 -22.1671 16.7137 

4 -5.77667 5 .61512 .963 -25.2171 13.6637 

6 4.58667 5.61512 .989 -14.8537 24.0271 

7 4.38000 5.61512 .992 -15.0604 23.8204 

8 -2.25333 5.61512 1.000 -21 .6937 17.1871 

6 1 -12.13333 5.61512. .421 -31 .5737 7 .3071 

2 -4.54333 5.61512 .990 -23.9837 14.8971 

3 -7.31333 5.61512 .. 885 -26.7537 12.1271 

4 -10.36333 5.61512 .602 -29.8037 9.0TT1 

5 -4.58667 5.61512 .989 -24.0271 14.8537 

7 -.20667 5.61512 1.000 -19.6471 19.2337 

8 -6.84000 5.61512 .915 -26.2804 12.6004 

7 1 -11.92667 5.61512 .441 -31.3671 7.5137 

2 -4.33667 5.61512 .992 -23.7771 15.1037 

3 -7.10667 5.61512 .899 -26.5471 12.3337 

4 -10.15667 5.61512 .624 -29.5971 9.2837 

5 -4.38000 5.61512 .992 -23.8204 15.0604 

6 .20667 5.61512 1.000 -19.2337 19.6471 

8 -6.63333 5.61512 .926 -26.0737 12.8071 

8 1 -5.29333 5.61512 .976 -24.7337 14.1471 

2 2.29667 5.61512 1.000 -17.1437 21.7371 

3 -.47333 5.61512 1.000 -19.9137 18.9671 

4 -3.52333 5.61512 .998 -22.9637 15.9171 

5 2.25333 5.61512 1.000 -17.1871 21 .6937 

6 6.84000 5.61512 .915 -12.6004 26.2804 

7 6.63333 5.61512 .926 -12.8071 26.0737 
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TBA values of FRESH and STORED OILS AT OH OF FRYING 

Descriptives 

TBA 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 3 .02700 .003000 .001732 .01955 .03445 

2 3 .02200 .003606 .002082 .01304 .03096 

3 3 .02200 .003606 .002082 .01304 .03096 

4 3 .01600 .002646 .001528 .00943 .02257 

5 3 .04000 .003606 .002082 .03104 .04896 

6 3 .05100 .002000 .001155 .04603 .05597 

7 3 .02400 .002646 .001528 .01743 .03057 

8 3 .03400 .002000 .001155 .02903 .03897 

Total 24 .02950 .011252 .002297 .02475 .03425 

Descriptives 

TBA 

Minimum Maximum 
1 .024 .030 

2 .018 .025 

3 .019 .026 

4 .013 .018 

5 .036 .043 

6 .049 .053 

7 .021 .026 

8 .032 .036 

Total .013 .053 

ANOVA 

TBA 

Sum of 
Sauares df Mean Sauare F Sia. 

Between Groups .003 7 .000 45.257 .000 

Within Groups .000 16 .000 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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TBA values of FRESH and STORED OILS AT OH OF FRYING (Continued) 

Post Hoc Tests-

Multiple Comparisons 

TBA 
T k HSD u ev 

95% Conftdence Interval 

Mean 

(I) ()ii (.I\ ml 
Difference (I-

J) Std. Error Sia. Lower Bound Uooer Bound 
1 2 .005000 .002415 .471 -.00336 .01336 

3 .005000 .002415 .471 -.00336 .01336 

4 .011000· .002415 .006 .00264 .01936 

5 -.013000 ♦ .002415 .001 -.02136 -.00464 

6 -.024000• .002415 .000 -.03236 -.01564 

7 .003000 .002415 .907 -.00536 .01136 

8 -.007000 .002415 .138 -.01536 .001.36 

2 1 -.005000 .002415 .471 -.01336 .00336 

3 .000000 .002415 1.000 -.00836 .00836 

4 .006000 .002415 .269 -.00236 .01436 

5 -.018000* .002415 .000 -.02636 -.00964 

6 -.029000• .002415 .000 -.03736 -.02064 

7 -.002000 .002415 .989 -.01036 .00636 

8 -.012000· .002415 .003 -.02036 -.00384 

3 1 -.005000 .002415 .471 -.01336 .00336 

2 .000000 .002415 1.000 -.00836 .00836 

4 .006000 .002415 .269 -.00236 .01436 

5 -.01aooo· .002415 .000 -.02636 -.00964 

6 -.029000" .002415 .000 -.03736 -.02064 

7 -.002000 .002415 .989 -.01036 .00636 

8 -.012000· .002415 .003 -.02036 -.00364 

4 1 -.011000· .002415 .006 -.01936 -.00264 

2 -.006000 .002415 .269 -.01436 .00236 

3 -.006000 .002415 .269 -.01436 .00236 

5 -.024000• .002415 .000 -.03236 -.01564 

6 -.035000" .002415 .000 -.04336 -.02664 

7 -.008000 .002415 .066 -.01636 .00036 

8 -.018000* .002415 .000 -.02636 -.00964 

*. The mean difference is significant at the 0.05 level. 
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TBA values of FRESH and STORED OILS AT OH OF FRYING (Continued) 

Multiple Comparisons 

TBA 
T k HSD u ev 

95% Confidence Interval 

Mean · .. · 
Difference (I-

mon fl\ Oil J} Std. Error Sia. Lower Bound UooerBound 
5 1 .013000* .002415 .001 .00464 .02136 

2 .018000'" .002415 .000 .00964 .02636 

3 .018000" .002415 .000 .00964 .02636 

4 .024000• .002415 .000 .01564 .03236 

6 -.011000· .002415 .006 -.01936 -.00264 

7 .016000* .002415 .000 .00764 .02436 

8 .006000 .002415 .269 -.00236 .01436 

6 1 .024000* .002415 .000 .01564 .03236 

2 .020000· .002415 .000 .02064 .03736 

3 .020000· .002415 .000 .02064 .03736 

4 .035000,r .002415 .000 .02664 .04336 

5 .011000· .002415 .006 .00264 .01936 

7 .027000* .002415 .000 .01864 .03536 

8 .D17000* .002415 .000 .00864 .02536 

7 1 -.003000 .002415 .907 -.01136 .00536 

2 .002000 .002415 .989 -.00636 .01036 

3 .002000 .002415 .989 -.00636 .01036 

4 .008000 .002415 .066 -.00036 .01636 

5 -.015000· .002415 .000 -.02436 -.00764 

6 -.021000· .002415 .000 -.03536 -.01864 

8 -.010000· .002415 .014 -.01836 -.00164 

8 1 .007000 .002415 .138 -.00136 .01536 

2 .012000· .002415 .003 .00364 .02036 

3 .012000· .002415 .003 .00364 .02036 

4 .018000* .002415 .000 .00964 .02636 

5 -.006000 .002415 .269 -.01436 .00236 

6 -.011000· .002415 .000 -.02536 -.00864 

7 .010000· .002415 .014 .00164 .01836 

•. The mean difference is significant at the 0.05 level. 
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TBA values of FRESH and STORED OILS AT 5 HOF FRYING 

Descriptives 

TBA 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound UooerBound 
1 3 .04000 .003606 .002082 .03104 .04896 

2 3 .03200 .002646 .001528 .02543 .03857 

3 3 .01700 .002646 .001528 .01043 .02357 

4 3 .02600 .002000 .001155 .02103 .03097 

5 3 .06900 .003606 .002082 .06004 .07796 

6 3 .02200 .002646 .001528 .01543 .02857 

7 3 .03100 .003606 .002082 .02204 .03996 

8 3 .03000 .009165 .005292 .00723 .05277 

Total 24 .03338 .015670 .003199 .02676 .03999 

Descriptives 

TBA 

Minimum Maximum 
1 .036 .043 

2 .029 .034 

3 .014 .019 

4 .024 .028 

5 .066 .073 

6 .019 .024 

7 .027 .034 

8 .020 .038 

Total .014 .073 

ANOVA 

TBA 
Sum of 

Sauares df Mean Sauare F Sia. 

Between Groups .005 7 .001 41.325 .000 

Within Groups .000 16 .000 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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TBA values of FRESH and STORED OILS AT 5 HOF FRYING (Continued) 

Post Hoc Tests 

Multiple Comparisons 

TBA 
T H ukev SD 

95% Confidence Interval 

Mean 
Difference {J-

mrm I. I\ f"\il J) Std. Error Sia. · Lower Bound UnoerBound 

1 2 .008000 .003512 .361 -.00416 .02016 

3 .023000* .003512 .000 .01084 .03516 

4 .014000" .003512 .018 .00184 .02616 

5 -.029000• .003512 .000 -.04116 -.01684 

6 .018000" .003512 .002 .00584 .03016 

7 .009000 .003512 .238 -.00316 .02116 

8 .o10000 .003512 .150 -.00216 .02216 

2 1 -.008000 .003512 .361 -.02016 .00416 

3 .015000" .003512 .011 .00284 .02716 

4 .006000 .003512 .683 -.00616 .01816 

5 -.037000" .003512 .000 -.04916 -.02484 

6 .010000 .003512 .150 -.00216 .02216 

7 .001000 .003512 1.000 -.01116 .01316 

8 .002000 .003512 .999 -.01016 .01416 

3 1 -.023000• .003512 .000 -.03516 -.01084 

2 -.015000" .003512 .011 -.02716 -.00284 

4 -.009000 .003512 .238 -.02116 .00316 

5 -.052000* .003512 .000 -.06416 -.03984 

6 -.005000 .003512 .834 -.01716 .00716 

7 -.014000• .003512 .018 -.02616 -.00184 

8 -.013000" .003512 .032 -.02516 -.00084 

4 1 -.014000• .003512 .018 -.02616 -.00184 

2 -.006000 .003512 .683 -.01816 .00616 

3 .009000 .003512 .238 -.00316 .02116 

5 -.043000" .003512 .000 -.05516 -.03084 

6 .004000 .003512 .938 -.00816 .01616 

7 -.005000 .003512 .834 -.01716 .00716 

8 -.004000 .003512 .938 -.01616 .00816 

*. The mean difference is significant at the 0.05 level. 
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TBA values of FRESH and STORED OILS AT 5 HOF FRYING (Continued) 

Multiple Comparisons 

TBA 
TukevHSD 

95% Confidence Interval 

Mean 
Difference (I-

((\ nil {.f\ nil J) Std. Error Sfa. lower Bound Uooer Bound 

5 1 .029000* .003512 .000 .01684 .04116 

2 .037000. .003512 .000 .02484 .04916 

3 .052000" .003512 .000 .03984 .06416 

4 .043000" .003512 .000 .03084 .05516 

6 .047000* .003512 .000 .03484 .05916 

7 .038000" .003512 .000 .02584 .05016 

8 .039000" .003512 .000 .02684 .05116 

6 1 -.018000* .003512 .002 -.03016 -.00584 

2 -.010000 .003512 .150 -.02216 .00216 

3 .005000 .003512 .834 -.00716 .01716 

4 -.004000 .003512 .938 -.01616 .00816 

5 -.047000* .003512 .000 -.05916 -.03484 

7 -.009000 .003512 .238 -.02116 .00316 

8 -.008000 .003512 .361 -.02016 .00416 

7 1 -.009000 .003512 .238 -.02116 .00316 

2 -.001000 .003512 1.000 -.01316 .01116 

3 .014000• .003512 .018 .00184 .02616 

4 .005000 .003512 .834 -.00716 .01716 

5 -.038000. .003512 .000 -.05016 -.02584 

6 .009000 .003512 .238 -.00316 .02116 

8 .001000 .003512 1.000 -.01116 .01316 

8 1 -.010000 .003512 .150 -.02216 .00216 

2 -.002000 .003512 .999 -.01416 .01016 

3 .013000• .003512 .032 .00084 .02516 

4 .004000 .003512 .938 -.00816 .01616 

5 -.039000* .003512 .000 -.05116 -.02684 

6 .008000 .003512 .361 -.00416 .02016 

7 -.001000 .003512 1.000 -.01316 .01116 

*. The mean difference is significant at the 0.05 level. 

190 



TBA values of FRESH and STORED OILS AT 10 HOF FRYING 

Descriptives 

TBA 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound UnnAr Bound , 3 .02800 .002646 .001528 .02143 .03457 

2 3 .02200 .002646 .001528 .01543 .02857 

3 3 .04000 .003000 .001732 .03255 .04745 

4 3 .02400 .002000 .001155 .01903 .02897 

5 3 .04400 .003000 .001732 .03655 .05145 

6 3 .02600 .003606 .002082 .01704 .03496 

7 3 .02800 .003606 .002082 .01904 .03696 

8 3 .02500 .004000 .002309 .01506 .03494 

Total 24 .02963 .008042 .001642 .02623 .03302 

Descriptives 

TBA 

Minimum Maximum 
1 .025 .030 

2 .019 .024 

3 .037 .043 

4 .022 .026 

5 .041 .047 

6 .022 .029 

7 .024 .031 

8 .021 .029 

Total .019 .047 

ANOVA 

TBA 

Sum of 
Sauares df 

Between Groups .001 1 

Within Groups .000 16 

CODES: 1 = Fresh CSO 
2= Fresh HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 
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MeanSauare F Sia. 
.000 19.511 .000 

.000 
.,., 

5= Stored CSO 
6= Stored HOLLCA 
7= Stored 50-50 HOLLCA-CSO 
8= Stored 75-25 HOLLCA-CSO 



TBA values of FRESH and STORED OILS AT 10 HOF FRYING (Continued) 

Post Hoc Tests 

TBA 
T ukev HSD 

mrin fl\ (')ii 

1 2 

3 

4 

5 

6 

7 

8 

2 1 

3 

4 

5 

6 

7 

8 

3 1 

2 

4 

5 

6 

7 

8 

4 1 

2 

3 

5 

6 

7 

8 

Mean 
Difference (I-

J) 
.006000 

-.012000· 

.004000 
-.016000* 

.002000 

.000000 

.003000 

-.006000 

-.01sooo· 

-.002000 

-.022000· 

-.004000 

-.006000 
-.003000 

.012000· 

.018000" 

.016000* 

-.004000 

.014000* 

.012000· 

.015000• 

-.004000 
.002000 

-.016000* 

-.020000· 

-.002000 

-.004000 
-.001000 

Multiple Comparisons 

Std. Error Sia. 
.002550 .325 

.002550 .005 

.002550 .761 

.002550 .000 

.002550 .992 

.002550 1.000 

.002550 .927 

.002550 .325 

.002550 .000 

.002550 .992 

.002550 .000 

.002550 .761 

.002550 .325 

.002550 .927 

.002550 .005 

.002550 .000 

.002550 .000 

.002550 .761 

.002550 .001 

.002550 .005 

.002550 .000 

;002650 .761 

.002550 .992 

.002550 .000 

.002550 .000 

.002550 .992 

.002550 .761 

.002550 1.000 

•. The mean difference is significant at the 0.05 level. 
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95% Confidence Interval 

Lower Bound UooerBound 
-.00283 .01483 

-.02083 -.00317 

-.00483 .01283 

-.02483 -.00717 

-.00683 .01083 

-.00683 .00883 

-.00583 .01183 

-.01483 .00283 

-.02683 -.00917 

-.01083 .00683 

-.03083 -.01317 

-.01283 .00483 

-.01483 .00283 

-.01183 .00583 

.00317 .02083 

.00917 .02683 

.00717 .02483 

-.01283 .00483 

.00517 .02283 

.00317 .02083 

.00617 .02383 

-.01283 .00463 

-.00683 .01083 

-.02483 -.00717 

-.02883 -.01117 

-.01083 .00683 

-.01283 .00483 

-.00983 .00783 



TBA values of FRESH and STORED OILS AT 10 HOF FRYING (Continued) 

Multiple Comparisons 

TBA 
Tukev HSO 

95% Confidence Interval 

Mean 
Difference (I-

mna U\'1il Jl Std. Error Sia. Lower Bound Unner Bound 

5 1 .016000* .002550 .000 .00717 .02483 

2 .022000· .002550 .000 .01317 .03083 

3 .004000 .002550 .761 -.00483 .01283 

4 .020000· .002550 .000 .01117 .02883 

6 .01aooo· .002550 .000 .00917 .02683 

7 .010000· .002550 .000 .00717 .02483 

8 .019000* .002550 .000 .01017 .02783 

6 1 -.002000 .002550 .992 -.01083 .00683 

2 .004000 .002550 .761 -.00483 .01283 

3 -.014000• .002550 .001 -.02283 -.00517 

4 .002000 .002550 .992 -.00683 .01083 

5 -.01aooo· .002550 .000 -.02683 -.00917 

7 -.002000 .002550 .992 -.01083 .00683 

8 .001000 .002550 1.000 -.00783 .00983 

7 1 .000000 .002550 1.000 -.00883 .00883 

2 .006000 .002550 .325 -.00283 .01483 

3 -.012000· .002550 .005 -.02083 -.00317 

4 .004000 .002550 .761 -.00483 .01283 

5 -.01eooo· .002550 .000 -.02483 -.00717 

6 .002000 .002550 .992 -.00683 .01083 

8 .003000 .002550 .927 -.00583 .01183 

8 1 -.003000 .002550 .927 -.01183 .00583 

2 .003000 .002550 .927 -.00583 .01183 

3 -.015000• .002550 .000 -.02383 -.00617 

4 .001000 .002550 1.000 -.00783 .00983 

5 -.019000* .002550 .000 -.02783 -.01017 

6 -.001000 .002550 1.000 -.00983 .00783 

7 -.003000 .002550 .927 -.01183 .00583 

•. The mean difference is significant at the 0.05 level. 
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TBA values of FRESH and STORED OILS AT 15 HOF FRYING 

Descriptives 

TBA 

95% Confidence Interval f<>r 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 3 .03700 .002646 .001528 .03043 

2 3 .03500 .002646 .001528 .02843 

3 3 .04400 .003000 .001732 .03655 

4 3 .04100 .004583 .002546 .02962 

5 3 .04500 .002000 .001155 .04003 

6 3 .03000 .002646 .001528 .02343 

7 3 .03000 .004583 .002646 .01862 

8 3 .03500 .003606 .002082 .02604 

Total 24 .03713 .006195 .001264 .03451 

Descriptives 

TBA 

Minimum Maximum 
1 .034 .039 

2 .032 .037 

3 .041 .047 

4 .037 .046 

5 .043 .047 

6 .027 .032 

7 .026 .035 

8 .032 .039 

Total .026 .047 

ANOVA 

TBA 
Sum of 

Sauares df Mean Sauare F Sia. 
Between Groups .001 7 .000 9.048 .000 

,., . . 

Within Groups .000 16 .000 

CODES: 1 = Fresh CSO 5= Stored CSO 
2= Fresh HOLLCA 6= Stored HOLLCA 
3= Fresh 50-50 HOLLCA-CSO 7= Stored 50-50 HOLLCA-CSO 
4= Fresh 75-25 HOLLCA-CSO 8= Stored 75-25 HOLLCA-CSO 
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.04357 

.04157 

.05145 

.05238 

.04997 

.03657 

.04138 

.04396 

.03974 



TBA values of FRESH and STORED OILS AT 15 HOF FRYING (Continued) 

Post Hoc Tests 

Multiple Comparisons 

TBA 
Tukev HSD 

95% Confidence Interval 

Mean 
Difference (l-

ti\ nil I I\ l"\il J) Std. Error Sia. Lower Bound Uooer Bound 
1 2 .002000 .002723 .994 -.00743 .01143 

3 -.007000 .002723 .236 -.01643 ,00243 

4 -.004000 .002723 .812 -.01343 .00543 

5 -.008000 .002723 .129 -.01743 .00143 

6 .007000 .002723 .236 -.00243 .01643 

7 .007000 .002723 .236 -.00243 .01643 

8 .002000 .002723 .994 -.00743 .01143 

2 1 -.002000 .002723 .994 -.01143 .00743 

3 -.009000 .002723 .067 -.01843 .00043 

4 -.006000 .002723 .399 -.01543 .00343 

5 -.010000· .002723 .034 -.01943 -.00057 

6 .005000 .002723 .607 -.00443 .01443 

7 .005000 .002723 .607 -.00443 .01443 

8 .000000 .002723 1.000 -.00943 .00943 

3 1 .007000 .002723 .236 -.00243 .01643 

2 .009000 .002723 .067 -.00043 .01843 

4 .003000 .002723 .947 -.00643 .01243 

5 -.001000 .002723 1.000 -.01043 .00843 

6 .014000* .002723 .002 .00457 .02343 

7 .014000" .002723 .002 .00457 .02343 

8 .009000 .002723 .067 -.00043 .01843 

4 1 .004000 .002723 .812 -.00543 .01343 

2 . " .006000 .002723 .399 -.00343 .01543 

3 -.003000 .002723 .947 -.01243 .00643 

5 -.004000 .002723 .812 -.01343 .00543 

6 .011000· .002723 .017 .00157 .02043 

7 .011000· .002723 .017 .00157 .02043 

8 .006000 .002723 .399 -.00343 .01543 

*. The mean difference is significant at the 0.05 level. 
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TBA values of FRESH and STORED OILS AT 15 HOF FRYING (Continued) 

Multiple Comparisons 

TBA 
T k HSD u ev 

95% Confidence Interval 

Mean 
Difference (I-

(f\()jf <J) rn1 J) Std. Error Sia. lower Bound Uooer Bound 
5 1 .008000 .002723 .129 -.00143 .01743 

2 .010000· .002723 .034 .00057 .01943 

3 .001000 .002723 1.000 -.00843 .01043 

4 .004000 .002723 .812 -.00543 .01343 

6 .015000• .002723 .001 .00557 .02443 

7 .015000• .002723 .001 .00557 .02443 

8 .010000* .002723 .034 .00057 .01943 

6 1 -.007000 .002723 .236 -.01643 .00243 

2 -.005000 .002723 .607 -.01443 .00443 

3 -.014000* .002723 .002 -.02343 -.00457 

4 -.011000· .002723 .017 -.02043 -.00157 

5 -.015000* .002723 .001 -.02443 -.00557 

7 .000000 .002723 1.000 -.00943 .00943 

8 -.005000 .002723 .607 -.01443 .00443 

7 1 -.007000 .002723 .236 -.01643 .00243 

2 -.005000 .002723 .607 -.01443 .00443 

3 -.014000* .002723 .002 -.02343 -.00457 

4 -.011000· .002723 .017 -.02043 -.00157 

5 -.015000* .002723 .001 -.02443 -.00557 

6 .000000 .002723 1.000 -.00943 .00943 

8 -.005000 .002723 .607 -.01443 .00443 

8 1 -.002000 .002723 .994 -.01143 .00743 

2 .000000 .002723 1.000 -.00943 .00943 

3 -.009000 .002723 .067 -.01843 .00043 

4 -.006000 .002723 .399 -.01543 .00343 

5 -.010000· .002723 .034 -.01943 -.00057 

6 .005000 .002723 .607 -.00443 .01443 

7 .005000 .002723 .607 -.00443 .01443 

*. The mean difference is significant at the 0.05 level. 
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APPENDIXF 

Statistical Outputs of Sensory Data 
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COLOR OF FRESH POTATO CHIPS AT O Hr OF FRYING 

Color 

N Mean Std. Deviation 
1 27 
2 27 

3 27 
4 27 

Total 108 

Color 

Minimum 
1 2.00 

2 3.00 

3 3.00 

4 2.00 

Total 2.00 

Color 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

5.0370 

5.8889 

5.2963 

5.1852 

5.3519 

Maximum 
8.00 

9.00 

9.00 

9.00 

9.00 

Sum of 
Sauares 

11.296 

251.333 

262.630 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

1.67519 

1.31071 

1.61280 

1.59415 

1.56668 

ANOVA 

df 
3 

104 

107 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound Uooer Bound 
.32239 4.3744 5.6997 

.25225 5.3704 6.4074 

.31038 4.6583 5.9343 

.30679 4.5546 5.8158 

.15075 5.0530 5.6507 

Descriptives 

Mean Sauare F Sia. 
3.765 1.556 .204 

2.417 
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COLOR OF FRESH POTATO CHIPS AT 5 Hr OF FRYING 

Descriptives 

Score 

95% Confidence lntervaf for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 27 5.0000 1.46760 .28244 4.4194 5.5806 

2 27 3.8889 .84732 .16307 3.5537 4.2241 

3 27 4.8148 1.11068 .21375 4.3754 5.2542 

4 27 4.6296 1.59683 .30731 3.9979 5.2613 

Total 108 4.5833 1.34042 .12898 4.3276 4.8390 

Descriptives 

Score 

Minimum Maximum 
1 2.00 8.00 

2 2.00 5.00 

3 3.00 7.00 

4 1.00 7.00 

Total 1.00 8.00 

ANOVA 

Score 

Sum of 
Snuares df Mean Sauare F Sia. 

Between Groups 19.213 3 6.404 3.849 .012 

Within Groups 173.037 104 1.664 

Total 192250 107 

Post Hoc Tests 
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Multiple Comparisons 

Score 
T k HSD u ev 

Mean 
Difference (I-

ll\Oil (.I\ ()j( J) Std. Error Sia. 
1 2 1.11111· .35106 .011 

3 .18519 .35106 .952 

4 .37037 .35106 .717 

2 1 -1.11111· .35106 .011 

3 -.92593* .35106 .047 

4 -.74074 .35106 .157 

3 1 -.18519 .35106 .952 

2 .92593* .35106 .047 

4 .18519 .35106 .952 

4 1 -.37037 .35106 .717 

2 .74074 .35106 .157 

3 -.18519 .35106 .952 

•. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound UrmerBound 
.1945 2.0278 

-.7315 1.1018 

-.5463 1.2870 

-2.0278 -.1945 

-1.8426 -.0093 

-1.6574 .1759 

-1.1018 .7315 

.0093 1.8426 

-.7315 1.1018 

-1.2870 .5463 

-.1759 1.6574 

-1.1018 .7315 



COLOR OF FRESH POTATO CHIPS AT 10 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error LowerBound Unoer Bound 
1 27 ◄.ma 1.18754 .22854 4.3080 5.2476 

2 27 3.7037 1.13730 .21887 3.2538 4.1536 

3 27 4.4074 1.44806 .27868 3.8346 4.9802 

4 27 4.1481 1.13353 .21815 3.6997 4.5966 

Total 108 4.2593 1.27792 .12297 4.0155 4.5030 

Descriptives 

Score 

Minimum Maximum 
1 2.00 7.00 

2 2.00 6.00 

3 1.00 7.00 

4 2.00 6.00 

Total 1.00 7.00 

ANOVA 

Score 

Sum of 
Souares df Mean Sauare F Sia. 

Between Groups 16.519 3 5.506 3.619 .016 

Within Groups 158.222 104 1.521 

Total 174.741 107 

Post Hoc Tests 
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Score 
T ukevHSD 

(I) ()if (.I\ Oil 

1 2 

3 

4 

2 1 

3 

4 

3 1 

2 

4 

4 1 

2 

3 

Multiple Comparisons 

Mean 
Difference (I-

J} Std. Error Sia. 
1.07407* .33570 .010 

.37037 .33570 .688 

.62963 .33570 .245 

-1.07407" .33570 .Q10 

-.70370 .33570 .161 

-.44444 .33570 .550 

-.37037 .33570 .688 

.70370 .33570 .161 

.25926 .33570 .867 

-.62963 .33570 .245 

.44444 .33570 .550 

-.25926 .33570 .867 

*. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound Uoner Bound 
.1975 1.9506 

-.5062 1.2469 

-.2469 1.5062 

-1.9506 -.1975 

-1.5802 .1728 

-1.3210 .4321 

-1.2469 .5062 

-.1728 1.5802 

-.6173 1.1358 

-1.5062 .2469 

-.4321 1.3210 

-1.1358 .6173 



COLOR OF STORED POTATO CHIPS AT O Hr OF FRYING 

Score 

N Mean Std. Deviation 
1 27 

2 27 

3 27 
4 27 

Total 108 

Score 

Minimum 
1 4.00 

2 3.00 

3 2.00 

4 2.00 

Total 2.00 

Score 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

5.0741 

5.9259 

5.3704 

5.2222 

5.3981 

Maximum 
7.00 

8.00 

9.00 

8.00 

9.00 

Sum of 
Souares 

11.213 

206.667 

217.880 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

.91676 

1.32798 

1.73534 

1.52753 

1.42698 

ANOVA 

df 
3 

104 

107 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound Uooer Bound 
.17643 4.7114 5.4367 

.25557 5.4006 6.4513 

.33397 4.6839 6.0568 

.29397 4.6180 5.8265 

.13731 5.1259 5.6704 

Descriptives 

Mean Souare F Sia. 
3.738 1.881 .137 

1.987 
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COLOR OF STORED POTATO CHIPS AT 5 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Unner Bound 
1 27 5.0370 1.09128 .21002 4.6053 5.4687 

2 27 3.9259 1.07152 .20621 3.5020 4.3498 

3 27 4.8889 1.12090 .21572 4.4455 5.3323 

4 27 4.7037 1.51441 .29145 4.1046 5.3028 

Total 108 4.6389 1.27124 .12232 4.3964 4 .8814 

Descriptives 

Score 

Minimum Maximum 
1 3.00 8.00 

2 2.00 6.00 

3 3.00 7.00 

4 2.00 8.00 

Total 2.00 8.00 

ANOVA 

Score 

Sum of 
Sauares df Mean Square F Sia. 

Between Groups 19.806 3 6.602 4.484 .005 

Within Groups 153.111 104 1.472 

Total 172.917 107 

Post Hoc Tests 
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Multiple Comparisons 

Score 
T k HSD u ev 

Mean 
Difference (1-

m nit (J) rn1 J) Std. Error Sia. 
1 2 1.11111· .33023 .006 

3 .14815 .33023 .970 

4 .33333 .33023 .744 

2 1 -1.11111· .33023 .006 

3 -.96296* .33023 .022 

4 -.77778 . .33023 .092 

3 1 -.14815 .33023 .970 

2 .96296. .33023 .022 

4 .18519 .33023 .943 

4 1 -.33333 .33023 .744 

2 .77778 .33023 .092 

3 -.18519 .33023 .943 

*. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound Uooer Bound 
.2489 1.9734 

-.7141 1.0104 

-.5289 1.1956 

-1.9734 -.2489 

-1.8252 ·.1007 

-1.6400 .0845 

-1.0104 .7141 

.1007 1.8252 

-.6771 1.0474 

-1.1956 .5289 

-.0845 1.6400 

-1.0474 .6771 



COLOR OF STORED POTATO CHIPS AT 10 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Unner Bound 
1 27 4.7407 1.37540 .26470 4.1966 5.2848 

2 27 3.7778 .80064 .15408 3.4611 4.0945 

3 27 4.4444 1.50214 .28909 3.8502 5.0387 

4 27 4.2222 1.28103 .24653 3.7155 4.7290 

Total 108 4.2963 1.29888 .12498 4.0485 4.5441 

Descriptives 

Score 

Minimum Maximum 
1 2.00 7.00 

2 3.00 5.00 

3 2.00 7.00 

4 2.00 7.00 

Total 2.00 7.00 

ANOVA 

Score 

Sum of 
Sauares df Mean Sauare F Sia. 

Between Groups 13.333 3 4.444 2.765 .046 

Within Groups 167.185 104 1.608 

Total 180.519 107 

Post Hoc Tests 
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Multiple Comparisons 

Score 
T k HSD u ev 

Mean 
Difference (I-

mrn1 (I\ ()ii J) Std. Error Sia. 
1 2 .96296" .34508 .031 

3 .29630 .34508 .826 

4 .51852 .34508 .440 

2 1 -.96296* .34508 .031 

3 -.66667 .34508 .221 

4 -.44444 .34508 .573 

3 1 -.29630 .34508 .826 

2 .66667 .34508 .221 

4 .22222 .34508 .917 

4 1 -.51852 .34508 .440 

2 .44444 .34508 .573 

3 -.22222 .34508 .917 

*. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound Uooer Bound 

.0619 1.8640 

-.6047 1.1973 

-.3825 1.4195 

-1.8640 -.0619 

-1.5677 .2343 

-1.3455 .4566 

-1 .1973 .6047 

- .2343 1.5677 

-.6788 1.1232 

-1 .4195 .3825 

-.4566 1.3455 

-1.1232 .6788 



OVERALL LIKEABILITY OF FRESH POTATO CHIPS AT O Hr OF FRYING 

Score 

N Mean Std. Deviation 
1 27 

2 27 

3 27 

4 27 

Total 108 

Score 

Minimum 
1 1.00 

2 2.00 

3 3.00 

4 2.00 

Total 1.00 

Score 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

4.8519 

5.1481 

5.0741 

4.9259 

5.0000 

Maximum 
8.00 

8.00 

7.00 

9.00 

9.00 

Sum of 
Souares 

1.481 

328.519 

330.000 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

2.03250 

1.68029 

1.51723 

1.83818 

1.75616 

ANOVA 

-
df 

3 

104 

107 

Descriptives 

95% Confidence Interval for 
Mean 

Std, Error Lower Bound Unner Bound 

.39115 4.0478 5.6559 

.32337 4.4834 5.8128 

.29199 4.4739 r-- 5.6743 

.35376 4.1988 5.6531 

.16899 4.6650 5.3350 

Descriptives 

Mean Sauare F Sia. 
.494 .156 .925 

3.159 
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OVERALL LIKEABILITY OF FRESH POTATO CHIPS AT 5 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 27 5.2593 1.76706 .34007 4.5602 5.9583 

2 27 4.0741 1.07152 .20621 3.6502 4.4980 

3 27 5.1852 1.41522 .27236 4.6253 5.7450 

4 27 5.1481 1.32153 .25433 4.6254 5.6709 

Total 108 4.9167 1.47961 .14238 4.6344 5.1989 

Descriptives 

Score 

Minimum Maximum 
1 2.00 8.00 

2 3.00 7.00 

3 2.00 7.00 

4 3.00 8.00 

Total 2.00 8.00 

ANOVA 

Score 

Sum of 
Souares df Mean Sauare F Sia. 

Between Groups 25.731 3 8.577 4.278 .007 

Within Groups 208.519 104 2.005 

Total 234.250 107 
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Multiple Comparisons 

Score 
T k HSO u ev 

Mean 
Difference (I-

(l)Oil (J) Oil J) Std. Error Sia. 
1 2 1.18519" .38538 .014 

3 .07407 .38538 .997 

4 .11111 .38538 .992 

2 1 -1.18519* .38538 .014 

3 -1.11111* .38538 .024 

4 -1.07407* .38538 .032 

3 1 -.07407 .38538 .997 

2 1.11111· .38538 .024 

4 .03704 .38538 1;QQ0 

4 1 -.11111 .38538 .992 

2 1.07407* .38538 .032 

3 -.03704 .38538 1.000 

*. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound UooerBound 
.1789 2.1914 

-.9322 1.0803 

-.8951 1.1174 

-2.1914 -.1789 

-2.1174 -.1049 

-2.0803 -.0678 

-1.0803 .9322 

.1049 2.1174 

-.9692 1.0433 

-1.1174 .8951 

.0678 2.0803 

-1.0433 .9692 



OVERALL LIKEABILITY OF FRESH POTATO CHIPS AT 10 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 27 4.9630 1.849n .35599 4.2312 5.6947 

2 27 3.7778 1.18754 .22854 3.3080 4.2476 

3 27 4.8519 1.63387 .31444 4.2055 5.4982 

4 27 4.9259 1.70803 .32871 4.2503 5.6016 

Total 108 4.6296 1.66656 .16037 4.3117 4.9475 

Descriptives 

Score 

Minimum Maximum 
1 2.00 9.00 

2 2.00 6.00 

3 1.00 8.00 

4 2.00 7.00 

Total 1.00 9.00 

ANOVA 

Score 

Sum of 
Sauares df Mean Souare F Sia. 

Between Groups 26.296 3 8.765 3.365 .021 

Wrthin Groups 270.889 104 2.605 

Total 297.185 107 

Post Hoc Tests 
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Multiple Comparisons 

Score 
T k HSO u ev 

Mean 
Difference (I-

ti\ nil (J\ Oil J) Std. Error Sia. 
1 2 1.18519* .43925 .040 

3 .11111 .43925 .994 

4 .03704 .43925 1.000 

2 1 -1.18519. .43925 .040 

3 -1.07407 .43925 .075 

4 -1.14815 .. .43925 .050 

3 1 -.11111 .43925 .994 

2 1.07407 .43925 .075 

4 -.07407 .43925 .998 

4 1 -.03704 .43925 1.000 

2 1.14815* .43925 .050 

3 .07407 .43925 .998 

*. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound Unner Bound 
.0383 2.3321 

-1.0358 1.2580 

-1.1099 1.1839 

-2.3321 -.0383 

-2.2210 .0728 

-2.2951 -.0012 

-1.2580 1.0358 

-.0728 2.2210 

-1.2210 1.0728 

-1.1839 1.1099 

.0012 2.2951 

-1.0728 1.2210 



OVERALL LIKEABILITY OF STORED POTATO CHIPS AT O Hr OF FRYING 

Score 

N Mean Std. Deviation 
1 27 

2 27 

3 27 

4 27 

Total 108 

Score 

Minimum 
1 2.00 

2 1.00 

3 2.00 

4 2.00 

Total 1.00 

Score 

Between Groups 

Within Groups 

Total 

l=CSO 
2=HOLLCA 

4.6296 

5.1111 

4.8889 

4.8519 

4.8704 

Maximum 
7.00 

8.00 

8.00 

8.00 

8.00 

Sum of 
Sauares 

3.148 

277.037 

280.185 

3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 

1.30526 

2.00640 

1.39596 

1.72546 

1.61819 

ANOVA 

elf 
3 

104 

107 

Descriptives 

95% Confidence Interval for 
Mean 

Std. Error Lower Bound Uooer Bound 
.25120 4.1133 5.1460 

.38613 4.3174 5.9048 

.26865 4.3367 5.4411 

.33206 4.1693 5.5344 

.15571 4.5617 5.1790 

Descriptives 

Mean Souare F Sia. 
1.049 .394 .756 

2.664 
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OVERALL LIKEABILITY OF STORED POTATO CHIPS AT 5 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Ucoer Bound 
1 27 3.8889 1.12090 .21sn 3.4455 4.3323 

2 27 4.0370 1.40004 .26944 3.4832 4.5909 

3 27 4.9630 1.849n .35599 4.2312 5.6947 

4 27 5.1111 1.92820 .37108 4.3483 5.8739 

Total 108 4.5000 1.6TT23 .16139 4.1801 4 .8199 

Descriptives 

Score 

Minimum Maximum 
1 2.00 6.00 

2 2.00 7.00 

3 1.00 8.00 

4 2.00 9.00 

Total 1.00 9.00 

ANOVA 

Score 

Sum of 
Sauares df Mean Souare F Sia. 

Between Groups 31.741 3 10.580 4.087 .009 

Within Groups 269.259 104 2.589 

Total 301.000 107 

Post Hoc Tests 
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Multiple Comparisons 

Score 
1i k HSD u ev 

Mean 

mm, I.I\ Oil 
Difference (I-

J) Std. Error Sia. 
1 2 -.14815 .43793 .987 

3 -1.07407 .43793 .074 

4 -1.22222· .43793 .031 

2 1 .14815 .43793 .987 

3 -.92593 .43793 .155 

4 -1.07407 .43793 .074 

3 1 1.07407 .43793 .074 

2 .92593 .43793 .155 

4 -.14815 .43793 .987 

4 1 1.22222" .43793 .031 

2 1.07407 .43793 .074 

3 .14815 .43793 .987 

•. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound UooerBound 
-1.2916 .9953 

-2.2175 .0694 

-2.3657 -.0788 

-.9953 1.2916 

-2.0694 .2175 

-2.2175 .0694 

-.0694 2.2175 

-.2175 2.0694 

-1.2916 .9953 

.0788 2.3657 

-.0694 2.2175 

-.9953 1.2916 



OVERALL LIKEABILITY OF STORED POTATO CHIPS AT 10 Hr OF FRYING 

Descriptives 

Score 

95% Confidence Interval for 
Mean 

N Mean Std. Deviation Std. Error Lower Bound Uooer Bound 
1 27 3.7TT8 1.18754 .22854 3.3080 4.2476 

2 27 3.6667 1.10940 .21350 3.2278 4.1055 

3 27 4.6296 1.64429 .31644 3.9792 5.2801 

4 27 4.7037 1.51441 .29145 4.1046 5.3028 

Total 108 4.1944 1.44338 .13889 3.9191 4.4698 

Descriptives 

Score 

Minimum Maximum 
1 2.00 7.00 

2 1.00 6.00 

3 1.00 7.00 

4 1.00 7.00 

Total 1.00 7.00 

ANOVA 

Score 

Sum of 
Sauares df Mean Sauare F Sia. 

Between Groups 24.324 3 8.108 4.246 .007 

Within Groups 198.593 104 1.910 

Total 222.917 107 

Post Hoc Tests 
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Multiple Comparisons 

Score 
T k HSO u ev 

Mean 
Difference (I-

fl\ nil (.I\ Oil J) Std. Error Sia. 
1 2 .11111 .37610 .991 

3 -.85185 .37610 .113 

4 -.92593 .37610 .072 

2 1 -.11111 .37610 .991 

3 -.96296 .37610 .057 

4 -1.03704* .37610 .034 

3 1 .85185 .37610 .113 

2 .96296 .37610 .057 

4 -.07407 .37610 .997 

4 1 .92593 .37610 .072 

2 1.03704" .37610 .034 

3 .07407 .37610 .997 

•. The mean difference is significant at the 0.05 level. 

l=CSO 
2=HOLLCA 
3= 50-50 HOLLCA-CSO 
4= 75-25 HOLLCA-CSO 
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95% Confidence Interval 

Lower Bound UooerBound 
-.8709 1.0931 

-1.8339 .1302 

-1.9079 .0561 

-1.0931 .8709 

-1 .9450 .0190 

-2.0190 -.0550 

-.1302 1.8339 

-.0190 1.9450 

-1.0561 .9079 

-.0561 1.9079 

.0550 2.0190 

-.9079 1.0561 
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