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The Use of Palm Oil in Frying

Preface

Archaeological evidence from Egyptian tombs shows that palm oil was in use for food at least 5,000 years ago (1). The oil palm is a native of equatorial
West Africa and palm oil is obtained from the flesh of the fruit; making it easier to extract, compared to other oils obtained from seeds. This is
undoubtedly why palm oil has a very long history of food use in its producing regions.

Trade statistics show that palm oil has been exported to Europe from West Africa since the 18th century; but for a long time it was only for
industrial uses. Early in the 20th century refinery techniques were developed, which enabled small quantities of good quality African crude palm oil to be
used in food applications.

However, substantial availability of food grade palm oil had to await developments after the 1939-45 war. On a personal note, the author was
working in the research laboratory of a large London food manufacturer on applications of oils and fats. At that time all the industry’s supplies were by
allocation from the Ministry of Food; and manufacturers had no freedom of choice until 1953. Not long after this the chief chemist of one of our suppliers
came to us and said, “you really ought to try out refined palm oil for frying now that a reliable quality product is available from Malaysia”. We followed up
this suggestion and found it to be useful for a number of products.

Usually, the production of vegetable oils is to satisfy domestic requirements first; development of export trade comes later. In Malaysia however,
the development of oil palm was primarily as a source of an export crop. It was seen by the Government as a means of providing a living for landless
people; and by the existing plantation industry as a diversification from rubber production, which was in decline. The move proved successful, and by 1974
about 1 million tonnes of oil was available for export. It then became necessary to introduce palm oil to markets other than Western Europe. However, the
food industry elsewhere was wary of a new ingredient — how will a changed product formula be received by the consumers? As palm oil production
continues to increase and further new users become interested, this question continues to be asked.

Frying involves close contact between the oil used and the raw food being cooked. Qil is absorbed by the food and contributes significantly to its
flavour and nutritional properties, and becomes a major component of the final product consumed. This is shown by the figures in the table, taken from
the database of the United States Department of Agriculture (USDA).

Typical Mean Oil Content of Selected Fried Foods

Mean = standard deviation
(/100 g edible portion)

Pataro chips

34.60 + 0.25 (n=15%8)

Corn chips

3340+ 0.28 (n-94)

Tornilla -::'.".:.ps

2620 + 0.49 (n=41)

Doughnuts - plain

22.90 + 1.40 (n=18)

Cnion rings

18.69 + 1.41 (n-11)

Chicken breast — breaded

18.10 = 0.37 (n=57)

Fish fillet = battered or breaded 1290 = 0.80 (n=11)
French fries 14.8
Part—fried French fries 7.6

n = number of samples analysed

Note: The American term ‘potato chips’ refers to thin fried potato slices packed in bags and sold as snack food. In the United Kingdom (UK), the
product is called ‘potato crisps’, while the UK term ‘chips’ refers to French fries. To avoid confusion, the terms ‘potato crisps’ and ‘French fries’ will be
used throughout.

This handbook provides information on the characteristics of palm oil products relevant to their use in frying, followed by a chapter on
good practice in frying, including quality control aspects; both for home and industry use. Technical literature on the use of palm ail is
reviewed, as is the back-up information obtained in numerous experiments at the Malaysian Palm Oil Board (formerly the Palm Oil
Research Institute of Malaysia) and elsewhere.

The oil used in frying plays an important role in the eating quality of the food product and in its shelf life. An extensive
methodology has been developed to measure relevant changes in the quality of frying oil during use. These methods have been fully



described in the technical literature. The detailed procedures therefore need not concern us here, though the analytical results used to
evaluate oil quality will be discussed.

A review of the technical literature shows that gradually food scientists found frying performance of palm oil compared favourably
with that of alternate oils; and palm oil could be used in various ways in the manufacture of their products. An attempt was made to put
together, from various trade sources, information on the global amount of palm oil products used in frying; and though incomplete the
figures indicated that frying is probably the largest single application of palm ail in food products.

References
1. Friedel, M.C. (1897) on fatty materials found in an Egyptian tomb in Abydos. Comptes Rendus Vol 24, 648-651
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Characteristics Of Palm Oil Products Used In Frying

The following products have found applications in frying:
a. Refined palm oil

b. Refined standard palm olein

c. Refined double fractionated palm olein

d. Refined palm stearin

e. Red palm oil or olein

Palm oil can be fractionated by cooling it to a temperature at which higher melting components crystallise out. The resulting slurry is then
filtered to obtain a filter cake, the stearin, and a filtrate, the olein. The standard process is carried out on a very large scale, as many users
prefer olein in a number of applications. As will be seen in the following tables, palm olein has a more liquid character than palm oil, but
still contains significant solid content at room temperature. More liquid grades of olein can be obtained by modifying the conditions of
fractionation, or by refractionating the standard olein to remove further solids. These grades of olein are obtained in lower yield (as one
would expect) and consequently are somewhat more expensive.

The physical characteristics and fatty acid composition of palm oil and its fractions are shown in Table 1.1 below.

Table 1.1
Characteristics of Palm Oil and Palm Olein
mmm
Ladine walee (Wiji) 53 53 [E X fn.4
Melting pins ['C) i ) 15.6 145 124
Lo Eir‘. [ 5 58 S0 7.2
1F°C (heug) - - 3 Seill eless afiee St elear afier
135 houre 158 hours
e 1.5 b <18
Solid firt comtent (%)
5L 511 TS 15 1.4
1W0'e 503 170 15.5 035
15'C 19.2 1.3
HI'C 4.3 59 05
5 13,7
W'C 8.5
5 5.8
40'C 5.5 -
Futty acid composition [104)
124 0.2 0.2 [ik] (3 0.4
144 1.1 10 1.1 11 1
160 4.1 e 3.1 T s
16:1 .1 0% -
18 4.5 4.4 14 i7 iz
1E:1 39.2 415 45 4 451 49.2
183 101 112 1.5 131 157
1E:3 0.4 04 0z 0i 0.3
204 0.4 04 04 0.4 0.4
Uther 0.2 02 02

It will be seen that, as the unsaturation of the olein increases, its cold stability increases. The melting point and cloud point will be lowered
and the tendency to deposit solids at a low temperature reduced. The importance of cold stability is that when buying liquid cooking oil, the
customer expects the oil to be clear at the temperature of the supermarket.

The glyceride composition of typical palm oil is summarised in Table 1.2. (4)

Table 1.2
Glyceride Compaosition of Palm Oil

Glyceride Type L Major Components
Trisaturated 55 FFF
Mono-unsaturated 378 POE PRO
Dii-unsaturated 351 PO, PPL
More highly 18.6 00, PLO, OO0
unsaturated

Pa palmitic acid, 0= oleic gead, L = linoleic acid



The tripalmitin content in palm oil contributes significantly to its melting point of 36°C. The proportion of tripalmitin is progressively
reduced in the grades of olein shown in Table 1.1, but the remaining quantity has an important influence on the physical stability at lower
temperatures. Another factor influencing the physical stability is the level of saturated diglycerides present: in particular 1,3 dipalmitoyl
glycerol. (5)

The physical stability of some industrial samples of single and double fractionated palm olein of comparable iodine value is summarised in
Table 1.3. (5) (6)

Table 1.3
Resistance to Crystallisation and Cloud Point of Palm Oleins

Double
Fractionated
Olein IV62
S < 3 hour!‘ < 3 110L1n.' < 3 hours < 3 11-:}'ur:
10 » 5 hours < 3 hours = 5 hours 1 ria].'
15 =1 du}' <1 du}' =1 dz}f <4 da].'s
ZD > 20 |ij_'|.$‘ < da_'_l.'s Ed 2'} da_'_l's = Bl |.L|'|-'A

In order to obtain cooking oil with physical stability superior to that attainable with palm olein, palm olein may be blended with one or
more of the more unsaturated vegetable oils.

The effects on physical stability of blending two grades of palm olein with sunflower oil are shown in Tables 1.4 and 1.5 below.

Table 1.4
Properties of Palm Olein (1VE0) Blends with Sunflower 04l

0 100 -1 - —lIndefinite—

10 a0 -9.5 " a0 = 240 » 240 » 240
20 B0 -7.5 + <5 180 = 240 > 240
30 70 -6.5 - <3 < 10 <120 » 240
50 50 =27 - <1 <1 <5 = &l
30 10 35 - <1 <1 <1 = 10

Table 1.5
Properties of Palm Olein (TV65) Blends with Sunflower (il

Days clear at:
] 100 -10.4 - i—Indefinite =
10 a0 -3 + 90 » 240 » 240 » 240
20 &0 -9.0 * 7 180 » 240 » 240
30 70 -7.0 + 3 20 240 = 240
50 50 -45 - =1 <5 < 10 =240
a0 10 +1.0 - <1 <2 <2 =40

Tables 1.6 and 1.7 show data for blends with Safflower oil.

Table 1.6
Properties of Palm Olein (TV60) Blends with Safflower Ol

Suﬂl-:_rm Cloud Cold Test

Point ("C)
0 1040 -9.1 + i—Indefinite—
10 9 =100 + »17 180 » 240 = 240
20 80 -9.0 + 3 37 » 240 » 240
an 70 -7.0 - 1 4 < 120 = 240
50 50 -25 - <1 <2 <10 <120
90 10 +1h - <1 <1 <1 < 120




Table 1.7
Properties of Palm Olein (1V65) Blends with Safflower Ol

Cloud | Cold Test

Point ("C)
0 100 -3.1 - —Indefinite—
10 a0 -2.8 + 25 180 » 240 » 240
20 20 -8.0 + 74 130 » 24l » 240
30 70 -Th + 32 1 240 » 240
50 50 -4.7 - <1 <2 13 » 240
20 10 08 - <1 <1 <2 < Al
N

Cold stability tests of palm olein blends with canola oil (low erucic acid rapeseed oil) are given in Table 1.8

Table 1.8
Cold Stability of Palm Olein Blends with Canola Ol

Single Fractionated Olein Dwouble Fractionated Olein
IVs6 IV

60
Time Remuining Clear Time Remaining Clear
e

1000 < 1 hour < 1 day < 1 day < 10 days

7030 = 3 hours < 3 days < 1 day < 15 days

S0:50 « & hours « & days « 5 days » 3 months
30:70 1 day Clear « 20 daye » 3 months
0:100 Clear Clear Clear Clear

Stability tests for blends of two industrial samples of palm olein with soya bean oil are given in Table 1.9.

Table 1.9
Cold Stability of Palm Olein Blends with Soya bean (il

md
Ti

£23
e T e

10:90 » 120d » 1204 » 120d + =71 *» 120 120 * 120 + -E1
3070 10d =354 |+ 120d . =40 a0 120 = 120 + =52
50:50 «2d 114 Tdd . -1.3 3 34 = 120 - -0
030 = 5h » 5k did - - 1 13 = 120 - -
100:0 > 5h » 5h Td . 35 1 4 15 - 10

d = days, h = hours, AOCS « American Ol Chemists Society
(2

The data in Tables 1.4 to 1.9 shows that, depending on the ambient temperature expect-ed, a blend can be chosen that will remain clear.

Frying tests with palm olein blends are described in a later chapter. Some blends of palm olein with other oils are available on supermarket
shelves in England.

Minor Components of Palm Oil

Tocols

Some of the minor components of palm oil are of particular interest in frying applications because of their antioxidant properties; in
particular, the tocols, compounds of the vitamin E group. The tocol content of crude palm oil and refined products is given in Table 1.10.



Table 1.10
Tocal Content of Palm (3]

Crude ?:i:;; 162 163 324 81 T4
Palm Ol | g e 136-241 90-205 273-439 57-94 £35-890
Refined Mean 17 117 158 31 426
Palm Oil 1[11:.;1 85-180 99147 47-219 5-62 256-630
Refined ‘[\if;u]m 141 152 218 49 561

Falm Olein - ponge 107-163 131-177 113-293 28-R8 478-673

n = number of u.’rl'p'.l:s 11111}'5!.'.{]
()

Palm oil is unique among the common vegetable oils because it contains unsaturated tocotrienols. While they have a lower biological
vitamin E activity than o-tocopherol, unsaturated tocotrienols have a somewhat greater antioxidant activity than the corresponding
saturated compounds (see Chapter 4 on antioxidants in frying).

It should be noted that some tocols are lost during refining, mainly during the high temperature treatment in the deodoriser.
Analyses from various refineries have shown that the extent of loss averages about 40%, depending on the processing conditions
employed.

An important function of the tocols in palm oil is to protect the unsaturated fatty acid components of the oil from oxidation. It is,
therefore, of interest to compare the ratio of tocol content to polyunsaturated fatty acids in the common vegetable oils (see Table 1.11).

Table 1.11
Tocol Content and Unsaturation of Some Refined Vegerable (ils

L S I
®) | meke) | ool
Palm il 10 498 50 k)]
Palin Olein 11 Al Al (10
Rapeseed (il 38 m 7 (%
Soya bean Ol &0 1,162 19 {9
Sunflower 1l 54 e 12 (9
Crroundnat 04l 22 131 15 (9

PUEA = '||-:a-1}l'|.|11xa‘|.‘|.|:’a1.:-:! falr__v acids

Palm oil and palm olein have a markedly higher proportion of tocols in relation to the polyunsaturated fatty acid content than other oils. It
is thought that this is an important factor in their exceptionally good resistance to oxidation at high temperature during frying.

Sterols
As with all vegetable oils, a mixture of sterols is found in crude palm oil, most of which are also found in the refined products.

The sterol composition of fifteen samples of crude palm oil obtained from dif-ferent geographic origins was determined by Downes (Table
1.12). Six earlier publica-tions gave figures in good agreement with the range in this table.



Table 1.12
Steral [:nrmpnriliun {'}5} of Crude Palm (il

T

B-Sitosterel 621 58.3 37.4
Campesterol 291 18.7 226
Stigmastera] 119 f.9 11.4
Cholesterol 5.4 22 18
8- Awenasterol 51 none detected 15
5 - Avenastercl 28 none detected L&
5 Stigmastera] 24 02 1.0
Toral stesals (ppm) 627 362 491

(11}
Gordon (12) found that avenasterols have antioxidant activity; at levels up to 50 ppm this activity is likely to be significant.

Hydrocarbons

The major hydrocarbon present in crude palm oil is squalene, at 200-500 ppm. Squalene is an aliphatic triterpene made up of six isoprene
units with six isolated dou-ble bonds. It has been shown to have antioxidant properties (13). The types of non-ter-penoid hydrocarbons
present (total 30-50 ppm) are listed in Table 1.13. (14)

Table 1.13
Non-terpenoid Hydrocarbons Found in Crade Palm il
Hydrocarbon Type Chain Length
n-Alkane C12Hs to CasH7a
n-Alkene C1zHz24 to CaoHan
Allcadiene Ci15H2% to Ci7H12
Alkatriene C1aHaz and CroFa4

Mote: n-alkanes exclude C14H30, C3zHes, C34H™M0 and CisH72

Ubiquinone
Crude palm oil contains 10-80 ppm of ubiquinone 10 and up to 5 ppm of ubiquinone
9. These compounds are related to vitamin K and have antioxidant properties. (15)

Phenolic Compounds

B.W. Audley (16) found a number of acidic and neutral phenolic compounds in crude palm oil, totalling about 100 ppm. Most of these
compounds have antioxidant proper-ties; and a major proportion of the compounds remain in the oil after refining. They are listed in Table
1.14.

Table 1.14
Phenolic Compounds Found in Crade Palm (34l

I*-Hydroxy benzoic P-Hydroxybenzoyl *-Hydroxybenzaldehyds
Vanillic Wanillyl Vanillin
Syringic Syringyl Syringaldehyde
P-Coumaric P-Coumaryl Coniferaldehyde
Ferulic Caffeyl Sinapaldehyde
Coniferyl

Carotenoids and Red Palm Oil

Unrefined palm oil has a very high content of carotenoids, the precursors of vitamin A. The main compounds present are 3- and o-
carotene, in addition to a number of minor components. The carotenoid compounds are removed during refining. However, by using mild
refining technique, or alternatively, by de-acidifying using short path distil-lation in a molecular still, refined palm oil can be obtained; which
retains most of its carotenoid content. This oil is used in some frying applications.



The carotenoids have antioxidant properties by virtue of their activity as singlet oxygen quenchers.

The carotenoid content of red palm oil and crude palm oil is shown in Table 1.15.

Table 1.15

Carotenoid Compaosition (%) of Deacidified and Deodorised Red Palm

(il and Crude Palm Chl
Carotene | Red Palm Oil | Crude Palm Ol
Phytoene 20 13
Phytofuene 12 0.1
Cis-fi-carotene 08 e
B-Caratens 474 R0
(E-caratene 370 151
Ciz-oi-carotene 6.9 25
E-carotene 13 0.7
y-carotene 05 1.3
G-carotend (X2 0.8
Neurusporene Trace 0.3
P-zeacarotene 05 oy
O-Zeachrotene 01 0.2
Lycopene 1.5 13
Tatal {ppm) 550 670

(17

Summary

Palm oil has an unusually complex mixture of components with antioxidant properties, and the chemical reactions involved in oxidation are
also complex. The various antioxi-dant components act on different parts of the oxidation reactions chain, and some are effective at high
temperature. Later chapters contain evidence of the superior properties of palm oil products in this respect.

The compositional factors of palm oil that contribute to its good behaviour may be listed as follows:
1. moderate content of linoleic acid and negligible content of the easily oxidised linolenic acid;

2. high content of the natural antioxidants of the tocol group; and
3. contributory antioxidant activity from a number of the other minor components.
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Good Practice In Frying
It has often been said that the cooking of food was one of the first steps in the evolution of civilised man. It certainly enabled early man to

render a wide variety of natural products digestible, and create new flavours and textures to make food not merely nutritious but also
enjoyable.

Four basic traditional methods of cooking can be distinguished:
a. Direct exposure of food to the heat of fire — roasting

b. Exposure of food to hot air — oven baking

¢. Heating the food in water — poaching or boiling

d. Heating the food in fat — frying

It is useful to compare frying with other cooking processes listed above. The temperature of boiling water is normally at 100°C
equivalent to 212°F. It is somewhat lower at high altitudes and a few degrees higher when there are dissolved substances such as sugar in
the water. Thus, boiling raises the food uniformly to 100°C.

In baking or roasting, the outside of the food becomes appreciably hotter than the inside depending on the oven temperature. As a
result, the food develops a crusty brown surface layer with attractive texture and flavour. The centre of the food however is no hotter than
100°C or so due to the water in its composition.

The same is true in frying; but there are big differences in the efficiency of heat transfer. Air is not a good conductor of heat, and
therefore oven cooking is slow; although where there is direct flame or a hot surface, radiation plays an additional useful part in heating the
food. Liquids are much more effective in transferring heat, and frying is more effective than boiling because fat is at a much higher
temperature. Different temperatures are required for various foods and some recommendations are given in Table 2.1.

Table 2.1

Llsual |"ry|'ngh['gmp-gr:ruus for Some Foods
Food Item Recommended

Temperature

Potatoes — French fries |!:-|J.r|i.".".i||g 1A53°C
Potatoes = French fries: finishing 185°C
Potato crisps 170-175°C
Doughnuts 185°C
Chicken - lazge pieces 1A5°C
Chicken - small pieces 75
Meat cutlets 1685-170°C
Instant noodles 130
Extruded pellets for expansion 185-205°C

French fries for restaurant trade and supermarket frozen food cabinet are prepared and blanched industrially in large continuous fryers,
frozen for storage and transport, and later finished off in a short second frying.

For most products the range 175-185°C is satisfactory. Large pieces, such as chicken require a somewhat lower temperature and
longer time to ensure adequate cooking at the centre.

At frying temperature, complex chemical changes take place. Initially, these changes create desirable flavours, cause the
gelatinisation of starch, the denaturation of proteins, and some changes in the oil. In other words, the food becomes cooked. However, if
the temperature or cooking time is not controlled, too much “chemistry” occurs and the food is spoilt. The principles involved in getting
good results in frying are discussed in this chapter.

The three main methods of frying are shallow pan frying, deep frying in batch fryers and deep frying in continuous fryers.

Shallow Pan Frying

In essence, shallow pan frying is a very simple process - a little oil is heated in the pan, and when it is hot enough, the food is added. Where
appropriate the food item is turned over when the underside has browned.



For some foods, such as fried egg, it is easy to see when it is sufficiently cooked. For other foods, the cook must rely on experience to
make the judgement. At the end of cooking most of the oil would be absorbed into the food, the residue is discarded and the pan is
washed. The food is usually intended for immediate consumption and therefore, provided the oil is not rancid when used, its keeping
properties are unimportant.

There is one major difficulty in this simple process; that is the judgement of the correct oil temperature. As shown in Table 2.1, for
most foods temperature of 170-180°C is optimal, but the domestic cook has no means of measuring this. One suggestion is to heat the oil
until it starts to smoke. However, the smoke point of oil is dependent on its content of some minor components especially the free fatty
acids. The effect of free fatty acids on smoke point is shown in Figure 2.1.

Figure 2.1

The Effect of Free Fatty Acids on Smoke Point
260 =
240
220 4
200 1
180 EB

160 1

Smaoke Point "C
/|'
|
|
|
|
=

140 7

01 0.5 1.0
Free Fatty Acids %

Curves A (1), C (2) and D (1) were obtained by adding quantities of fatty acids to the oil: for curve A, soya bean oil and for curve D,
babassu oil. The latter is a lauric oil with a high proportion of short chain fatty acids and in consequence a low smoke point.

Curve B (3) was obtained with used frying oils and demonstrates that volatile decomposition products other than fatty acids also contribute
to the smoke point.

A useful recommendation to enable a cook to judge the temperature is to test the oil by putting in a small cube of bread. If no bubbles are
formed, the oil is not hot enough. Vigorous bubbling indicates it is too hot.

Frying is a short process and requires constant attention. A call to the telephone or the front door can easily result in overheating, spoiling
of the food, or worse, fire. It is best to take the pan off the heat if an interruption is inevitable. It is also important that the food should not
be too wet when put into the pan: excessive splashing can occur, and risks setting the pan on fire. Accidents with the frying pan are a
significant cause of domestic fires.

Deep Frying

Equipment

Many details of design have an effect on the quality of the frying oil, the fried product and the economy of the operation. This section lists
the desirable design and construction features of the various components of the equipment for deep frying.

Batch Process

A typical batch fryer consists of a square or rectangular pan, holding 5-20 kg of oil and fitted with a basket. It has electrical heating
elements at the bottom; or for heating by gas or oil, it may be fitted with tubes through which direct flames are passed, or be heated by
direct flames on the base.

Some important designs and selection considerations may be listed.

1. The fryer should be made of stainless steel. No part of equipment should contain copper, brass or other copper alloy parts; since
copper is a catalyst for oxidation at very low concentrations.

2. The size of the fryer should be chosen in relation to the expected throughput. It is not desirable to have a large volume of oil being
kept hot for a relatively small quantity of food to be fried. There should be a minimum amount of “dead space” in the fryer. Restaurants
usually experience a peak demand period of say 1/--2 hours, with intermittent or occasional demand at other times. Oil deterioration is
greatest during the slack periods and may severely reduce the time before oil must be discarded. In practice therefore, it is worth



considering the provision of two or more small fryers, which together have a capacity to meet peak demand. During slack periods only one
fryer needs to be kept ready for use.

3. Agood design feature provides a cool zone below the heating element, where food debris can collect and be removed.

4. The fryer should be fitted with an exhaust hood and an extraction fan to remove fumes. It is desirable to have a filter to trap odours,
solids and condensate from the fumes. The hood and trunking must be designed so that condensate cannot drip back into the frying oil.

5. There should be a temperature controlled heating system. Heating may be direct; such as gas or oil fired, or indirect by electric heating
elements. Indirect heating is much preferred, and it has been proved in controlled experiments (H, Zeddelman 1979) that direct heating
causes much more rapid deterioration of the frying oil. This is because the flames cause hot spots on the pan, which can reach 400°C, at
which temperature oil decomposes very rapidly. The electric element on the other hand will have a much more even and lower surface
temperature of 220-250°C. It was also shown that a larger surface area heating element with a low heat input per unit area (2 W/cmy) is
less damaging than a smaller element (providing 10 W/cmz) with the same total heat input.

The temperature control system needs to be carefully designed.

a. Different temperature settings are required for different foods. An accuracy of +£2°C is needed.

b. When a batch of cold raw food is placed in the fryer, the oil temperature drops rapidly. The heat input needs to be high to recover the
correct frying temperature quickly. However, there should be no tendency to overshoot the frying temperature.

The reliability of the thermostats in batch fryers should be frequently checked, preferably daily. Evidence of temperature variability has
been reported for fryers in regular use in 21 industrial canteens. They were all adjusted to 180°C, but 50% were found to exceed, at times,
the desirable maximum of 200°C. Temperatures ranging from 140°C to 240°C were found (4).

6. The fryer should be fitted with an indicating thermometer.

7. Batch fryers should be provided with a well-fitting lid to be placed over the oil when not in use.

8. Fryers should be designed so that the oil can be conveniently drained off and passed through a fine stainless steel mesh filter.

9. Pressure fryers are particularly useful for products in relatively large pieces, such as fried chicken. The fryer is fitted with a pressure
tight locking lid and a safety valve so that during frying a pressure of 1 kg/cm: builds up. It is claimed that contact between the food and
the frying oil is improved, resulting in better heat transfer and more rapid cooking. Fat absorption is also reduced.

10. Specialised designs are available for specific foods:

French fries can be fried in deep baskets, while seafood, chicken pieces or meat patties need to be kept separate in shallow baskets. Frying
under vacuum has found some applications for high moisture foods. For example (5), carrot slices are dehydrated to 2.9% moisture by
frying for 4 minutes at 125°C with a vacuum of 20 torr. Water activity is reduced to 0.21. At the low frying temperature oil deterioration is
much reduced.

Continuous Fryers

The production of fried snack food and convenience food on a manufacturing scale requires continuous fryers. Essentially they are shallow
rectangular baths of hot oil, through which the food product is conveyed on a continuous mesh stainless steel band or by a series of
paddles. The size of a fryer and band speed are chosen depending on the production volume and the cooking time required. Special design
features are incorporated for specific products: for example, a turnover system for doughnuts and a submerger belt to hold down products
and ensure complete cooking.

The main design features listed for batch fryers are also required in a suitably adapted form for continuous fryers.

Heating is often provided by indirect means. Oil is circulated by a pump through an external heat exchanger where it is heated by a thermal
fluid, which is usually heat-ed by direct gas or oil burners. This method enables very good control of temperature to be achieved, and the
frying oil does not come in contact with very hot sur-faces. It is necessary to fit a filter in the circulation system so that debris is in effect
continuously removed. A second filter is fitted on a bypass line, which is used when the first filter needs cleaning. The amount of debris
remaining in the oil is particularly high when products coated in batter or breadcrumbs are being fried. It may be necessary to have a
separate conveyor to remove the debris. If debris remains in the oil it will cause rapid darkening and the adherence of burnt particles to the
product is unsightly.

It is important to avoid aeration of the hot oil during circulation and filtering. Blanketing of the oil storage tank and sparging of the pump
lines with nitrogen is advisable.

Pumps and pipeline joints should be checked frequently for leaks, and the return line to the fryer should discharge below the oil surface.

During production, a continuous fryer will use more than one tonne of oil per day and this is usually provided by a continuous oil make-up
system actuated by a constant level device.



The efficient removal of fumes is essential and it may be necessary to scrub or filter the fumes before discharge to atmosphere in order to
minimise pollution. The ventilation system should be designed so that large amounts of air are not drawn across the surface of the oil, since
this causes excessive cooling and promotes oxidation. A good effect can be obtained by fitting a baffle above the oil surface. This causes a
blanket of steam to be held over the surface of the oil, and by largely preventing access of air, oil oxidation is significantly reduced. This
effect can be enhanced during operation by spraying fine water mist over the oil surface. Fumes are removed at the ends of the fryer.

The design should maximise throughput so that a high turnover of frying oil is achieved. The importance of this factor is dealt with later.

High turnover is achieved by utilising the surface area fully and by reducing oil volume as much as possible. A lower limit to the oil level is
set by the need to cover the conveyor. Dead space at the side of the conveyor for gear wheels etc. should be minimised, as should the oil
volume in the circulation and filtering system.

Frying Operations
Whatever the scale of operation, the quality of a fried product depends on adequate control of the frying operation. The various aspects
requiring attention are listed below:

a. Loading

Oil is undergoing chemical changes all the time that it is at a high temperature. These changes will be discussed in a later section. From an
operational point of view, oil should not, as far as possible, be kept hot unless it is being used. For a batch process, the correct proportion
of food to oil should not be exceeded. In general, the maximum recommended ratio is about one part food to six parts oil.

When food is put into the pan, the temperature drops rapidly. The drop in temperature depends not only on the food amount put in, but
also on the amount of water to be removed from the product during cooking. Potato crisps enter the frying pan with a high moisture
content of 85% and leave with only 1-2% moisture. The heat should not drop too low or the time to recover to the right temperature for
the next batch will be too long. Therefore, the amount of food per batch should be limited.

The importance of loading is illustrated from the following experience in the frying of French fries in a restaurant (6). Figure 2.2 shows the
temperature-time relationship in a batch fryer under different rates of loading.
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Graph A is the position in a well-designed batch fryer with fast temperature recovery, when the correct amount of potatoes was fried.
Graph B shows the effect in the same fryer, when a 50% larger batch was fried. More heat was taken out of the oil at the start of frying, the
temperature took longer to recover and the batch then took longer to complete cooking. As a result, after one and a half hour in case A, six
full batches were cooked as compared with four to five batches in case B.

The process described under condition B, and even worse, condition C is not only inefficient, the quality of the food is affected. Frying at
too low a temperature results in excessive absorption of oil, and a product that is greasy, soggy and lacking in attractive flavour due to
inadequate surface browning.



Graph C shows the situation when a fryer with inadequate heating was used. Temperature recovery was inadequate and the conditions
became progressively worse until frying had to be stopped.

In a continuous fryer the unsatisfactory conditions illustrated in Figure 2.2 should never arise since the equipment has been selected in
terms of size and heat input to deal with a known volume of food product; so that during normal production a steady state temperature
profile is attained. However, disruptions to normal production also have serious consequences on product quality, as will be seen later.

b. Turnover

As indicated earlier, in order to maintain good oil quality it is necessary that there should be a high rate of turnover of the oil in the fryer.
The basic argument will be restated here.

1. The high temperatures used for frying cause some chemical changes in the oil.

2. If the ail is merely being kept hot without use, deterioration would be progressive and the oil would soon be spoilt.

3. During frying, oil is absorbed by the food and is removed with the cooked product.

4. In order to maintain the oil level in the fryer, fresh oil is added at frequent intervals or, in some designs, in a continuous trickle. This
fresh, unchanged oil mixes with the oil in the fryer and improves its condition.

If the rate of oil removal and replacement is high enough, the oil condition in the fryer remains good and the oil does not need to
be discarded.

The results in Table 2.2, taken from a study by Lakshminarayana, (7) illustrate the point. He studied an industrial scale fryer in
which 2.5 tonnes of groundnut oil was being used to fry “Sev”, a product made from Bengal gram dhal dough.

Table 2.2
The Effect of (Ol Turnover in a Continuous Fryer

8 0.8
25 1.1 a5 0.5
13 13
50 2.0 156 0.7
58 23
73 32 178 0.8
B3 15 - -
- - 167 07
- 300 0.8

With slow turnover there was a continuous increase in free fatty acids and also in other measures of deterioration. With fast turnover
equilibrium was achieved at a level at which the oil in the fryer remained satisfactory for continuous use. In these tests, the charge of oil
(2.5 tonnes) was replaced in 13 hour (slow) and 8 hour (fast), respectively. As a general rule of thumb, one should aim to turn over the
charge in a fryer within 6-10 hours.

The turnover rate will be influenced by the type of food product and the fryer design.

When producing snack foods such as potato crisps that are required to have a shelf life after packaging, a continuity of fryer
operation and sufficient oil turnover are of vital importance. The effect of interruptions in production on the stability of the frying oil, and
hence the shelf life of the product, is illustrated in the following experience obtained in the development phase of a starch-based fried
snack food (8).

Samples for storage tests were prepared in a batch fryer using groundnut oil. Although fresh oil was used each day, variable and
often unsatisfactory keepability of product was experienced. The problem was investigated by installing a recording thermograph and
drawing samples of oil and product at intervals. The frying oil was tested for its oxidative stability in an accelerated test at 100°C:
thermograph charts are shown in Figure 2.3.



Figure 2.3
'Tlizrmngra'ph Charts from Batch Fryer

(2} discontinuous operation, (b) continugsus operation

In chart (a), each dip in the temperature recorded was caused by reduction in heat input to the fryer during a short interruption in
production. This was due to a variety of reasons, such as interruption in the supply of raw food and rest breaks for the operator. Samples
of oil were drawn at intervals for analysis and the results of the accelerated stability test in hours are shown around the outside of the chart.

Oil sampled immediately after a break in production showed a loss of stability, e.g. at points A, C and D, whereas a longer period of
continuity between A and B actually resulted in an increase in stability, showing that, potentially, the rate of turnover could be satisfactory.
This is demonstrated in chart (b), when arrangements were made for a second operator to take over whenever a break was required, so that
operation was truly continuous: a higher level of quality was maintained consistently.

In a manufacturing operation, very large amounts of oil are being kept hot in the continuous fryer, and interruptions in production
of any length have major consequences on product quality due to oil deterioration. Breakdown in the flow of uncooked product, the
downstream operations such as flavour application (for potato crisps), the packing machinery, or the mechanical parts of the fryer can
cause significant stoppages. Decisions may need to be made about cooling down the oil, and analytical services should be available to
determine levels of change in the oil after a longer stoppage. In continuous operation, the turnover rate and consequently the addition of
fresh ail, is usually sufficiently high to maintain a satisfactory level of quality, as shown in Table 2.2. The loss of oil quality consequent to a
stoppage may require the replacement of a portion, or even all of the fryer contents, with serious implications on the economy of the
process.

In a paper at a recent international conference E. Hammond (9) described the quality control adopted in a large potato crisp
manufacturing plant using palm olein. A high specification was set for the fresh olein, as shown below:

Free fatty acids max 0.1%

Peroxide value 1.0 meg/kg

Toral tocals min 300 mgg

Anisidine value max 3 (usual value below 1)



Oil quality during operation was monitored by total tocol determination and anisidine values. Figures 2.4 and 2.5 show the results for total
tocol and anisidine values in two operating situations. In Figure 2.4, operation was not well controlled. The fryer was brought up to
temperatures some hours before frying began, resulting in a loss of tocols. Interruptions in production occurred at about 16 hours and
again at 45 hours. In both cases there was a loss in tocols and a rise in anisidine values. When frying continued and fresh make-up oil was
added, these parameters improved, but by the end of the week the tocol level was low. Figure 2.5, with no interruption in production,
shows that a steady state was attained half way through the week, with a satisfactory tocol level.

Peroxide value and free fatty acids were also monitored, but proved less useful. Peroxides were rapidly destroyed at frying temperatures and
remained at a low value, while free fatty acids showed little change.

After 12 weeks of continuous operation the tocol content of the oil in the fryer was 450-500 ppm, and product flavour was very good.

Figure 2.4
Fryer Mot Well Controlled
a0
ey
70 =
ll'u
Al T
50 ' s
¥ - p— A
o= !
= A0 .\ -‘-. ,/_.\ II." \\--.

. WA N
. m

20

0 1 4 5 10 24 25 27 40 48 4% 72 9a 120

Hours into week

Figure 2.5
Fryer Well Controlled

Lo

80 —-\\
0

Valu
W
=

0 - T T T T T
0 1 “ 5 10 24 25 27 40 48 4% T2 9% 10

Hours into week

Ll FFA AnY dividded by 10



Good design of a fryer can assist oil turnover, for example, by minimising dead volume in pipelines and the space required by the conveyor
mechanism. Turnover is largely a factor of the amount of oil absorbed and removed by the food product. It is generally considered that for
good oil quality a turnover rate of 5-10 hours is satisfactory. Turnover can be calculated according to the formula;

Weight of oil in fryer
% oil in product* X production per hour

* Some products, such as doughnuts, use shortening in the preparation of the dough, and this must be allowed for. Alternatively, the
amount of oil used over a period of time can be measured directly, and related to the volume of oil in the fryer.

c. Maintenance
The following recommendations are generally applicable, but may need modification in particular conditions.

Maintenance of Batch Fryers

Starting Up

1. Put back the oil from the previous day if still in good condition. If it has solidified overnight, make sure the heating elements are well
covered before switching on.

2. Start heat slowly if possible.

3. When the oil is near frying temperature top up to correct level with fresh oil.

During Frying

1. Check frying temperature.

2. Use a fine mesh skimming filter to remove floating debris.

3. Maintain level of frying oil by frequent additions of small quantities of fresh oil. The fryer should have a level marked on it.

4. During slack periods keep only one fryer hot and reduce its temperature to 150°C (300°F) until needed for use. Cover the oil.

At the End of the Day’s Operations

1. Use a reliable thermometer to check the frying temperature and the operation of the thermostat.

2. Turn off the heat and allow oil to cool somewhat.

3. Remove oil from fryer and pour through a filter into a clean container. Many fryers are provided with built-in filters and storage
containers.

Discard the food particles on the filter. Cover the oil container and leave overnight.

Examine the oil to decide if it needs to be replaced. (A detailed description of testing methods is given in a later section.)
Inspect the inside of the fryer and the heating element. Clean if necessary.

Clean frying baskets, skimmers, and draining racks.

Clean outside of fryer; adhering dirt presents a fire hazard.

Inspect the hood and air filter and clean if necessary.

© o N gk

Weekly Cleaning

1. Boil out the fryer with an alkaline detergent.

2. Remove any loose debris.

3. Rinse thoroughly three times to remove all traces of detergent.
4. Ensure that fryer is dry before replacing oil.

Maintenance of Continuous Fryers

While the above principles apply, filtration and level control are usually automatic. The surface area of hot oil is very large and therefore
any periods during which oil is hot, but not being fried in, will cause significant deterioration of oil. Therefore, everything should be done
to ensure a steady supply of product to be fried, and an efficient finishing and packing operation.

At the end of a day’s operation the oil should be pumped through a filtering system into a holding tank. It is very desirable to incorporate a
heat exchanger so that the oil can be brought down to 50°C before storage. The holding tank is preferably tall and narrow so that the
exposed surface area is minimal.

For continuous fryers it is necessary to check the temperature at least daily during operation, and checks should be made at both inlet and
outlet ends. If thermograph records are provided they should be stored by the quality control personnel and used to interpret variations in
oil or product quality. Any undue variations require detailed investigation.



Cleaning

Thorough cleaning should be carried out every 50-100 hour of use. The following instructions have been used successfully by a large food
manufacturer over a period of years.

1. Empty all the frying oil from the fryer.

2. Remove detachable fittings from the frying tank and clean them by boiling in approximately 2% detergent solution in a tank provided
for this purpose, and then rinsing with clean water.

3. Fill fryer with hot water and detergent powder to make approximately 2% solution.

4. Heat the resulting solution to boiling and boil gently for at least 30 minutes.

5. After half this boiling period move the conveyor sufficiently to immerse the paddles that have so far been out of the solution.

6. During the boiling period swab the surface above the liquid level with the boiling solution using a long handled mop. This will soften
carbonised deposits, which can then be removed by scraping.

7. Discontinue heating and run the contents of the fryer to waste.

8. Rinse with hot water from a hose until all the debris has been washed out, using scrapers, if necessary, to assist the removal of any
adhering deposits.

9. Run hot water into the tank to the same level as before.

10. Add 1 Ib. of citric acid, distributing it evenly over the area of tank.

11. Heat the resulting solution to boiling.

12. Discontinue heating, run the conveyor for 5 minutes, and then run the contents of the fryer to waste.

13. Rinse thoroughly with hot water from a hose.

14. Refit the detachable fittings.

15. Ensure that no water is left in the fryer before refilling with oil.

Note: The detergent used was a proprietary alkaline detergent based on sodium metasilicate. The concentration used should be according
to the supplier's recommendation.

Specifications for Frying Oil
The initial quality of frying oil is an important factor in its performance in use.

In preparing oil specifications it is desirable not to be too restrictive; since a severely limited choice often forces up the price. The following
guidelines are specifically relevant to frying.

1. Free fatty acids should be below 0.1%. They have a direct lowering effect on smoke point and at frying temperature increase the rate of
formation of more free fatty acids.

Odour and flavour - bland, free of rancidity or foreign flavours.

Smoke point — above 215°C, preferably above 220°C.

Peroxide value — preferably below 1 meg/kg.

Composition - Linolenic acid should be less than 1%. Short chain acids C12 and below less than 1% and preferably below 0.25%.
Melting point — for solid fat normally a maximum of 40°C is desirable. For some products liquid oil is preferred. For doughnuts, fat
that crystallises is needed in order for the sugar or sugar glaze to adhere to the surface: if they are packaged before sale, liquid oil would
stain the carton. Palm oil has proved to be satisfactory solid fat in long term use for doughnuts.

7. Additives — the addition of 2 ppm silicone oil is wholly beneficial, particularly for batch frying operations (but should be avoided for
doughnuts). As is the normal practice, refined oils should be specified to be treated with citric acid at the end of the refining process. The
addition of antioxidants is mainly useful when snack foods with an extended shelf life are being made. It must, in any case, conform to the
local legal requirements.

8. Heating test — useful information can be obtained from an empirical heating test. Heating for a standard time in a standard container
enables judgement to be made whether there is an undue change in characteristic such as viscosity, smoke point, free fatty acids, odour or
colour, which could give a problem during actual use. The conditions of test and acceptable parameters would have to be determined in
relation to the actual use intended.

9. Phosphorus — below 3 ppm, preferably below 1 ppm. The following table gives suggested quality limits for frying oil.
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Table 2.3
Suggested Published Quality Limits for Frying Ol

{10} {11}
0.4 max 1.0 max
3 max 2 max
2 max Light
Free fatty acids (%) 0.1 max 0.1 max
315 -
Smoke point ('C) 200 220
.05 max (0.1 mmax
- Bland
Melting point {*C) - According to
application

Quiality Control of Frying

The various aspects of good management of a deep frying operation have already been discussed. The important question that remains is
how to judge whether deterioration of the frying oil has reached the point at which it needs to be discarded. A number of surveys have
been published which show that oil quality in a significant proportion of restaurants and fast food outlets is seriously deteriorated because
suitable control procedures are not in use.

Quiality Control of Batch Fryers

Stevenson et al. (12) listed the tests available where there are no laboratory facilities, as follows:
a. Colour

b. Foaming

¢. Smoking

d. Odour of frying oil

e. Length of time used

f. Sensory evaluation of product

The last item is the most important, and management should lay down clear criteria for product quality to be used by an operative
or his immediate supervisor. Colour and odour of the frying oil need to be judged in the light of the particular operation. The length of
time used is, in the author’s opinion, not useful. As seen earlier, if the oil is kept hot during slack periods, its deterioration will be much
greater than if it is fully utilised over the same time period.

The measurement of colour can be useful. In the author's experience of deep frying in a chain of restaurants, the chef ’s normal
practice was to discard oil after a routine period of use, which varied from one kitchen to another. As an experiment, a simple colour
comparator was issued to ten restaurants, with a standard colour selected by the management as the point of discard. At the end of one
month’s usage there was a significant overall saving in oil consumption. This approach is however limited since different frying oils will not
necessarily darken at the same rate.

Excessive foaming or smoking of the oil presents a fire hazard. Persistent foam is caused by high levels of polar glycerides,
particularly the higher polymers (13), while smoking is due to the presence of free fatty acids and other low molecular weight breakdown
products.

At a 1988 conference on frying, Evans (14) gave a list of suitable tests where a back-up laboratory was available. Evans listed the
following as being possibly the most widely used and reliable quality indicators:
a. Colour
b. Free fatty acids
c. Total polar materials
d. Polymeric triglycerides
e. Ultra violet absorption (for conjugated dienes)



In view of the complex changes that occur it is best to rely on more than one test. In the case of fast food operations where the
same products are made in many outlets, it is desirable to correlate the chosen laboratory tests with taste panel tests to define the reject
point.

A significant level of free fatty acids may be present in unrefined oil such as olive oil or beef fat before use and increases due to
hydrolysis and, to some extent, formation of acidic oxidation products. However, poor correlation of free fatty acids with total polar
materials and with polymers has been reported (15).

Total polar materials (TPM) are of major importance because a limit of 24-25% has been adopted officially in a number of
countries ((14) and see Chapter 3). The test for total polar materials presents a problem of interpretation in the case of palm oil products.
Palm oil and palm olein naturally contains higher diglyceride content than other oils. Typically 6-8% is formed in palm oil and palm olein,
when other oils contain only 2-3% or less. Diglyceride oils are measured as polar materials, and the total polar materials analysis for fried-in
palm oil therefore has a significant component that is not due to deterioration of the oil. Allowance should be made for this in interpreting
the results. However, this point is sometimes ignored, and consequently leads to unfavourable interpretation of the results, for example in
the review by Melton (16).

This difficulty is acknowledged by Sebedio et al. (17) who suggested that a determination of the polymer content of used oil would
be more reliable.

More recently, Shimizu et al. (18) compared the frying performance of diacylglycerol and triacylglycerol oils. 5-mm thick potato
slices were fried in a batch fryer, 8 batches per hour for 8 hours at an average temperature of 170°C. Measurement of a number of
parameters on the used oils showed little difference. However, the total polar materials test on unused diglyceride oil gave a result of over
80%, rising to 90% after use for 8 hours. Not surprisingly, the total polar materials test was considered to be unsuitable for use on
diglyceride oils.

It will be seen that in many of the comparisons reviewed in Chapter 5, palm olein or palm oil develops lower total polar materials
during frying despite the higher starting point.

The analysis for total polar materials has been widely used. In a review of quality procedures for used frying oils, Paul and Mittal
(19) recommended that regulations should contain a limit of 24% for total polar materials.

Sampling carried out by Dobarganes and Marquez-Ruiz (20) showed that total polar materials exceeded the recommended limit in a
high proportion of batch fryers examined, as summarised in Table 2.4.

Tahle 2.4
Total Polar Materials of Used Frying Oils
Batch Fryers [ —
| Do | ez | po

Wo. of samples 72 190 82
TPM% range 10.5-42.1 3.1-61.4 42-273
WNo. of samples 24 {33%) a9 (36%) I (3.6%)
with TPM = 25%

Note: In the continuous fryers producing potato products, doughnuts or fried fish, the turnover rate was generally sufficient to maintain a steady state
value of total polar materials below 25%.

A number of other surveys of batch fryers have been reported, and the results are summarised in Table 2.5 below.



Table 2.5
Cruality of Frying Oils in Restauranis

Scandinavia 100 38.0 (0]
Germany 125 352 (20}
France 1 438.4 (20)
Spain 174 345 (20
Mot Specified 20 &0.0 (20}
Chile 77 20.0 (21)
Spain 19 58.0 (22)

Clearly, a substantial proportion of actual restaurant frying was carried out with oils in a condition beyond the discard point.

The study by Soriano (22) was carried out in university canteens. After training of staff and the implementation of an HACCP
system, a second survey found no results higher than 23% total polar materials. The training was based on the following list of ten items:
Good personal hygiene is necessary.

Oil must be properly stored and correctly documented upon receipt.

Frying must be done adequately.

Oil must be filtered.

General cleanup of the fryer, baskets, hood and oil filters is essential.

The rate of frying and turnover rate of oil must be done correctly.

Capacity and use of equipment and utensils must be correct.

Food should be immersed in the oil after it has reached a temperature of about 180°C.
Fresh oil should never be added to used oil.

10. Excess oil must be eliminated from the food by draining it immediately after frying.
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It is unclear what is intended in item 9, since during frying it is highly desirable to use fresh oil to top up the volume of oil in use.
Apart from this however, the above action list is comprehensive, and was evidently a sound basis for improvement. The experience
suggests that apart from defects in equipment such as thermostats, inexperience of operators and lack of training may be the general causes
of the high proportion of unsatisfactory results revealed in the surveys.

Measurement of polymeric triglycerides has also received some official acceptance, with limits of 10-12%.
Some other laboratory tests have been used to characterise frying oils and are worth mentioning.

The peroxide value is a useful measure of fresh oil quality. On heating of the frying oil, the peroxide value rises, but the peroxides
are rapidly decomposed at high temperature. The value obtained in the laboratory on used oil most probably reflects the oxidation
occurring between sampling and analysis.

The anisidine value is given by involatile oxidation products of glycerides and can therefore be a useful measure of oil abuse.
Tompkins (23) found that the anisidine value showed good correlation with the polymer content of used oils, as well as with various
odorous aldehydes.

The iodine value of used oil is a direct measure of the loss of unsaturated bonds resulting from chemical changes.
The viscosity increases due to the formation of larger molecules through polymerisation.
The dielectric constant is strongly influenced by the formation of polar materials.
The two latter physical measurements are the basis of instruments designed to measure frying oil quality.
The measurement of petroleum insoluble oxidised fatty acids was the basis of a limit for rejection of used oil proposed by the

German Society for Fat Research (DGF) at a level of 1% of oxidised acids. It is however a time consuming laboratory method. Good
correlations of oxidised fatty acids with total polar materials were obtained by Billek et al. (24). Total polar materials were measured by



column chromatography on silica gel. Oxidised fatty acids also correlated well with polymeric triglycerides measured by gel permeation
chromatography. The results were obtained from a large number of samples taken from snack food bars. 1% of oxidised fatty acids (the
limit proposed) corresponded to 15% of polymer triglycerides and 28% of total polar materials. The oils in use were palm oil, hardened
soya bean oil (iodine value 100), soya bean oil or a blend of groundnut, hardened soya bean and cottonseed oils. It is noteworthy that all the
palm oil analyses were within the specified limits whereas a few of each of the other oils fell outside. This is a clear indication that palm oil
proved the most robust under the severe service conditions of use in snack bars.

There is clearly a need for a soundly based measuring tool that can be used by kitchen staff to determine the rejection point for
used oil, and several are available.

A number of rapid test kits have been described for measuring the quality of used frying oil, based either on chemical or on physical
measurements.

Chemical Measurements

Mlinar (25) described test strips which can be dipped into the hot oil. The test strips are divided into four zones which change colour
successively from blue to yellow with increasing content of free fatty acids. Attempts to correlate free fatty acids with the quality of the
fried product have indicated limits between 1% and 5% for different systems, but no general limit can be laid down.

The Fri Test is a colourimetric test kit involving mixing reagents with the sample. It responds to carbonyl compounds, with the
colour changing from yellow to brown.

The Rau or Oxifrit Test uses the colour change of redox indicators due to oxidised compounds in the oil; and uses an inflammable
solvent.

A test for “Alkaline Contaminant Materials” has been patented (26). The test involves extracting the oil with aqueous acetone
containing an indicator, and observing the colour change in the aqueous layer. It is based on the observation that alkaline materials,
apparently sodium soaps of fatty acids, are formed (27) by interaction of some food components with the oil. The test was calibrated with
oil containing added sodium oleate and then applied to used frying oil from a restaurant. The soap content increased from nil to 55 ppm in
10-day use. No upper limit for soap content was proposed.

In general, the use of liquid reagents, especially those containing inflammable solvents, is not advisable in kitchens.

Physical Measurements

The dielectric constant of used oil has been shown to correlate well with total polar materials in several studies. Based on this parameter,
the Food Oil Sensor (FOS) has been available for some time and gives useful results; however, there are some disadvantages. A “blank”
measurement needs to be made on the unused oil. If the frying operation involves the finishing of part-fried French fries and they were
fried in different oil, then this oil will partly leach out into the frying bath and the “blank” measurement will no longer be valid.
Contaminants from the food being cooked such as moisture or salt may also affect the reading, unless they are filtered out.

A new instrument for dielectric constant, the “FOM 2007, is now available from Ebro Electronic (28a). It is portable and the probe
may be inserted direct into the hot oil in the fryer. A temperature measurement is obtained simultaneously. The measuring capacitor and
temperature sensor are embedded in a ceramic plate mounted on a stainless steel tube. A built-in micro controller calculates the results,
which are displayed in percentage total polar materials and degree centigrade. Ten seconds are required to obtain a reading.

Ebro Electronic’s literature gives results of tests carried out by Prof. Karin Schwartz at the University of Kiel. Samples of beef fat,
palm oil, rapeseed oil, sesame oil, sunflower oil and soya bean oil and some mixtures of liquid oils were examined, as were partly
hydrogenated rapeseed and sunflower oils and their mixture, making a total of 29 samples. Tests were carried out on fresh oils and again
after they had been used past the accepted limit of 24% total polar materials. Readings on the instrument were compared with results using
the high pressure liquid chromatography (HPLC) method for polar materials (IUPAC 2.507). Good correlation was obtained with a
maximum deviation of 3% total polar materials and a typical accuracy of 2% total polar materials. This instrument appears to satisfy all the
requirements for quality control in a restaurant kitchen. An illustration of the FOM 200 is given in Figure 2.6.



Figure 2.6
The FOM 200 Instrument for Diclectric Constant in Hot Oil

Another instrument, the “Test0265”, of similar design, and working on the same principles, has recently been publicised by its makers
(28b). However, no performance data is available.

Anocther oil tester, the “Fri-Check”, consists of a steel tube, fitted with a metal cylinder like a piston (29). The tube is filled with oil
and equilibrated at 50°C in a thermostat box. The piston is allowed to fall through the oil, and the time taken is measured electronically. A
combination of viscosity, density and shear stress affects the time taken. Good correlations are obtained with total polar materials and also
with polymers. The instrument prints out the percentage total polar materials.

A sensor for the measurement of viscosity directly in hot oil has been described (30). The sensor consists of two short steel tubes
made to vibrate by piezo crystals. The damping of the vibration is related to the viscosity of the oil. In tests on various used oils, the
viscosity reading correlated well with the polymer content. The instrument has not yet been commercialised.

Schwartz et al. (31) reviewed results obtained with a number of the rapid tests described above. Schwartz found that better
correlation with total polar materials was obtained when zero point of the FOS is set using the calibration liquid supplied with the
instrument instead of the unused oil. Using this modified procedure a collaborative study of 76 samples was carried out in ten official
laboratories. Good agreement was obtained and the combined results showed that FOS reading of 4.3 corresponded with the officially
adopted (in Germany) limit of 24% total polar materials.

Seven groups reported correlation coefficients between 0.93 and 0.99 for FOS readings with total polar materials. Two groups also
obtained adequate correlations (0.74-0.75) for the Fri Test and the Oxifrit or Rau Test with total polar materials; poor correlation with total
polar materials was reported for the free fatty acid test strips (17).

Al-Khatani (32) also reported highly significant correlations for the FOS, the Oxifrit Test and the Fri Test with total polar materials.
He found correlation of peroxide value and free fatty acids with total polar materials was not significant. Samples from a large number of
independent fast food outlets were examined.

Table 2.6 gives the proposed interpretation of FOS readings.

Tahble 2.6
Frying with Quality Measurement by FOS

FOS5 Value TPFM Quality
<213 < 10% Fresh
30 15% 5till good
=315 > 18% Mear discard
» 4.1 » 24% Spoilt

Quiality Control of Continuous Fryers

The methods described above are also applicable to continuous fryers; and in the case of food products for immediate consumption such
as doughnuts, they are adequate. However, where snack food is required to have a shelf life, a test must be conducted for the keeping
properties of the frying oil and preferably also of the oil extracted from the freshly made product.

For this purpose, one of the available accelerated tests such as Rancimat is suitable or alternatively, and perhaps better, a direct
analysis for antioxidant in the oil, as used by Hammond (9) in the work discussed earlier in this chapter.

In a study of a commercial production of potato crisps, du Plessis (33) compared various tests for quality prediction. He found the
following order of usefulness.



Total tocopherol content > Diclectric constant (by FOS) =
free fatty acidz > Tertiary butyl hydroquinone analysis »

anisidine value » Rancimat

At the end of the accelerated storage tests on potato crisps at 35°C for 30 days, tocopherol level of the extracted oil was 459 ppm (oil used
for 3 hours) and 427 ppm (oil used for 30 hours).
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Official Regulations & Guidelines For Quality Control

Fresh Oils
General quality standards for edible oils and fats have been incorporated in law in many countries, but items specific to frying oils are less
common. Antioxidants that may be used are incorporated in the general standards. In some instances silicone additives are also mentioned.

For example, in Belgium 3 mg/kg dimethyl polysiloxane and in Australia 10 mg/kg are permitted. On the other hand, in France
and Sweden silicone additives are prohibited on the grounds that they would hide the excessive tendency to foam of deteriorated frying oil.
France, Belgium and Chile limit the linolenic acid content of oils to be used for frying to 2%.

Used Oils

The most important criterion for any food is the organoleptic quality - does it look and taste attractive? It is therefore very appropriate that
most authorities regard oil to be deteriorated if the taste or flavour of the fried food is unacceptable. However, this criterion is based on a
subjective judgement. A second important factor is whether the food presents a health risk due to the condition of the frying oil.
Experiments under unrealistically extreme conditions have produced oils with some toxic effects on experimental animals but only when
the oil is altered well beyond the stage at which the food would be unacceptable.

Careful long-term experiments (1) comparing unheated oil with oil heated for long periods at normal frying temperature found no
adverse effects and it was concluded that “Frying fats heated under the conditions of a good commercial practice are not detrimental to the
health of the test animals”. Similar studies by other research groups gave similar results. Nonetheless, there is clearly a case for legislating
on the point at which used oil should be discarded, and such legislation needs to be based on a relevant analytically determined limit.

Currently, rather few countries have adopted legislation but where it exists it is often based on the pioneering studies carried out by
the DGF.

In 1973, DGF defined frying oil as deteriorated if:

1. the taste or flavour is unacceptable; or

2. ifthe smoke point is below 170°C and the petroleum ether insoluble oxidised fatty acids are above 0.75%; or
3. if the oxidised fatty acids are above 1%.

However, the determination of oxidised fatty acids is time consuming and requires considerable skill. A simple chromatographic
method for total polar materials using separation on silica gel columns was developed by Gertz (2) and shown to correlate well with
oxidised fatty acids. All polar materials are absorbed on the column; and a figure for total polar materials can therefore be obtained
indirectly from the eluted unchanged triglycerides, or directly by eluting adsorbed material with a strong solvent.

The availability of this method enabled the DGF to set a limit of 27% TPM.,

Legislation
Legislation on analytical limits for used oils is summarised in Table 3.1, based on D. Firestone. (3)

Table 3.1
].:g‘ish.l:iu Limits for Used Fryi.ngﬂ:i]s

Austria 170 25

Belgium 170 25 10
Chile 170 15 1 25

France 25

Ttaly 25

MNetherlands 16
5. Africa 25 16
Spain 25




Note:
1. The Belgian law also sets an upper limit for the viscosity at 50 °C of 37 Pa/sec for solid fats and 27 Pa/sec for liquid oils.
2. The term “polymers” includes dimers.

In addition to these analytical limits, some regulations include various items of good practice.

Guidelines

Expert bodies in a number of countries have issued authoritative guidelines on frying oils. In addition to aspects of good practice, all of
which were dealt with in our earlier discussion, they often include analytical criteria. Enforcement of good practice in the food industry is in
the hands of the local authorities, which employ food inspectors. During on-site inspections they may take samples for analysis in an
official laboratory. The criteria used are based on the guidelines of the national body involved.

Although the analytical limits may not be incorporated in the country’s laws, they would provide strong support in the case of an
action, based on the general food law of food being unfit for consumption.

As an example, the committee of chemical experts of the German local authorities adopted limits in 1991 based on the work of the
DGF, as follows:
Sensory characteristics
Petroleum insoluble fatty acids - maximum 0.7%
Total polar materials - maximum 24%
Smoke point - minimum 170°C
Maximum difference in smoke point between unused and used oil - 50°C
Acid value - maximum 2.0%
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Some court cases based on these criteria were successful and resulted in a general improvement in the frying practice in restaurants (4).

According to Firestone (5), analytical guidelines are also used in the following countries:

Hungary TPM 25% max
Metherlands Acid value 4,5%
Polymers 1658 max
Japan Smoke point 170°C min
Acid value 2.5% max
Carbomyl value 50 max
Finland TPM 25%
Acid valus for vegetables oils 2.0 max
for solid fats 2.5 max
Smoke point for vegetables oils 180°C min
for solid fats 170°C min
Fri Test vegetable oils 2 max (geale 1-3)
Crxifrie Test below 3 (scale 1-4)
FOs below 4 (zcale 0-6)

Other Scandinavian countries also recommend the use of the Fri Test or the Oxifrit Test by food inspectors.

The Swedish National Food Administration has issued formal guidelines for deep frying, which recommend the use of the FOS or
the Oxifrit Test and list a number of items of basic good practice.

The Finnish National Food Administration developed a useful report form to be used by a health inspector for use during a visit to
a production unit. It would also be useful as a checklist for a supervisor of a commercial kitchen operation. It is reproduced on the next

page.



INSPECTION FORM -
FINLAND NATIONAL FOOD ADMINISTRATION
(Fox The Food Laboratory, To Be Filled Out By The Health Inspector)

No. and Date

Amount of fat in kerde Added daily
Fat totally renewed, date

How often will the fat be r d totally

Criteria for total removal (except time)

How long daily will the fat be kept hot

At the time of sampling, how long kept hot

Fat temperature, reported measured

Tiltering and storage of the fat

‘Whar will be fried just now

‘What else will be fried

Data of the kettle

Cleaning of the kettle, last (when)

How was the kettle cleaned

Sensory evaluation of the fried food:

Taste Smell Colour
Observations on the spot:

Overall cleanliness

Smoke Ventilation

The DGF adopted eight recommendations for the proper use of frying oils at its symposium on Deep Fat Frying in Hagen in March 2000:
1. The principal quality index for deep fat frying should be sensory parameters of the food being fried.

2. Analysis of suspect frying fats and oils should utilise two tests to confirm abuse. Recommended analyses should include total polar
materials (maximum of 24%) and polymeric materials (maximum 12%).

3. The use of rapid tests for monitoring oil quality is recommended. Rapid tests should correlate with internationally recognised standard
methods, provide an objective index, be easy to use, be safe for use in the food processing/preparation area, quantify oil degradation, and
be rugged enough for field use.

4. There are no health concerns associated with consumption of frying fats and oils that have not been abused at normal frying
conditions.

5. New and improved methods should be developed to provide fats and oils chemists and the food industry with tools to conduct work
more quickly and easily, yet are environmentally friendly, and use less hazardous solvent systems.



6. Basic research focussed on understanding the dynamics of deep fat frying and the frying process is encouraged. Research should be
cross-disciplinary, encompassing oil chemistry, food engineering, sensory science, food chemistry and nutritional sciences.

7. One of the basic tools to ensure food and oil quality is filtration. Filter materials should be used to maintain oil quality as needed.

8. Used, but not abused, frying oils may be topped up or diluted with fresh oil with no adverse effects on quality. Abused fats and oils
were defined in the first two recommendations developed during this program. However, it remains to be defined what constitutes a long-
life frying oil claim in keeping with the first two recommendations.

In conclusion, it may be said that quality problems are more likely to arise in batch frying operations in restaurants and fast food
outlets, especially where frying is necessarily discontinuous and often carried out by relatively unskilled workers. Various surveys indicate
that quality standards in many establishments need to be improved. A major problem appears to be inadequate control of fryer
temperature. The tools for quality control are now available. The analytical methods for total polar materials and polymers are well
established, with broad agreement on acceptable limits. Fast test kits suitable for on-site use by inspectors are available and correlate well
with the above internationally accepted chemical tests. Doubtful or unsatisfactory result with a test kit should be backed up by a laboratory
analysis.

None of the established rapid tests available are ideal for on-site use by kitchen personnel. The FOS is probably the most suitable.
However, the recently available food oil monitor, FOM 200, described in Chapter 2, seems to answer all the requirements. The
measurement of total polar materials has a disadvantage for palm oil in particular, as has been discussed. However, in most comparisons
reported, palm oil gives lower values of total polar materials than other oils after equivalent use, even when no allowance has been made
for the effect of the partial glycerides. This is a good indication of its stability in high temperature use.
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Antioxidants In Frying

Due to the high temperature used in deep frying, oxidative reactions take place, leading to loss of quality. The use of protective antioxidants
is therefore a very attractive concept. The first aim is to protect the frying oil, and prolong its useful life. In the case of snack foods,
antioxidants should also ensure product quality is maintained during its shelf life.

There are many publications demonstrating the effect of antioxidants. Laboratory-accelerated tests such as the Rancimat give only
limited indications of effectiveness, and are carried out at lower temperatures than those used in frying. Laboratory scale frying tests give
more realistic results. However, the best evidence is obtained under actual manufacturing conditions, provided that the operation and
sampling procedures are well controlled.

The results of accelerated laboratory tests are conveniently expressed in terms of a “protective factor”, defined as the induction
period with added antioxidant divided by the induction period before addition. Some representative results are given in Table 4.1.

Tahle 4.1
Provective Factors for Various Antioxidants
Antioxidant Beef Fat | Cottonseed | Groundnut | Sunflower | Corn Qil | Palm Oil
0l il 0il
BHA 0.01%* 19 - -
BITA 0.02%* is 1.0 1.4
BHT 0,01% " 9.3 - 1.9
BHT 0.02%: " - 1.0 2.0
Oetylgallate 0.01% * 10 a0
Cretylgallare 0.02% - 1.4 -
Ronoxan A paste 0.2% ™ - - 2.63 2.76 233 312

BHA <butylated hydroxyanisols, BHT =butylated hydroxy tolusne
(13 02)
Notes:
* Induction periods measured by oxygen absorption at 100°C.
** Induction periods measured by Rancimat at 120°C. Ronoxan A paste is a proprietary mixture of «-tocopherol 100 mg/kg, ascorbyl palmitate 500
mg/kg and lecithin 1,400 mg/kg. The lecithin solubilises the ascorbyl palmitate and has some synergistic effect with the antioxidants.

The results demonstrated the well-established fact that antioxidants have much less effect in vegetable oils than in animal fats. Vegetable
oils usually contain relatively high levels of natural antioxidants (mainly tocopherols) whereas the levels in animal fats are very low.

The Ronoxan A paste is rather more effective than the synthetic phenolic antioxidants.

Synthetic Phenolic Antioxidants
An important factor limiting the effectiveness of antioxidants is their volatility.

Figure 4.1 (2) shows the vapour pressures of some phenolic antioxidants and tocopherols. At 180°C, tertiary butyl hydroquinone (TBHQ)
(with limited regulatory permission internationally) is somewhat less volatile than butylated hydroxyanisole (BHA) and butylated hydroxy
toluene (BHT), but the tocopherols are two orders of magnitude better in this respect. Furthermore, the evolution of steam during frying
increases the loss of the phenolic compounds by steam distillation.



Figure 4.1
Vapour Pressures of Some Antioxidants
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The persistence of tocopherol is illustrated in Figure 4.2

Figure 4.2
Tocopheral Loss from Corm 4l Stirved at 190°C (2)
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In contrast, Figure 4.3 shows the rapid loss of the phenolic antioxidants at frying temperature.
Figure 4.3

Efffect of Heat and Steam Distillation on Loss of Antioxidants from Soya bean (il at 180°C
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During the pilot plant experiments discussed earlier (in Chapter 2, Figure 2.2), experiments were also run in which BHA was added to the
oil at 200 ppm. After 20 minutes of frying the level had dropped to 10 ppm. It stayed at this level due to the addition of fresh oil
(containing 200 ppm) to maintain the level in the frying pan. This concentration was still sufficient to double the shelf life of the product at
room temperature.

Augustine and Berry (3) reported static heating and laboratory frying tests in palm olein using BHA and BHT (see Table 4.2).



Table 4.2
Loss of Antioxidant over 2 days at 1830°C

BHT BHA
Antioxidant
EN TSN ET
Hratie '|1|:='|i11g 181 57 19 21
Intermirtent frying 190 27 187 « 20

The greater loss during frying was attributed to steam distillation.

Augustine and Berry also (4) carried out storage tests on tapioca chips fried in palm olein containing antioxidant at about 200 ppm
at 200°C. After 43 days of storage at 60°C the oil was extracted for analysis.

Various analyses of oils containing BHA and BHT showed significant oxidation (for example peroxide values of 80 and 40,
respectively), and showed little difference from the control without added antioxidant. Oil treated with TBHQ was significantly in better

condition.

Fritsch and co-workers (5) carried out storage tests at 45°C on pelleted snack food fried at 190°C. At 100 ppm TBHQ gave better
protection (4 weeks) than BHT (2'/>weeks) or BHA (1'/2weeks).

The loss of TBHQ during the frying of French fries under laboratory conditions (16 batches/day for 5 days) is shown in Table 4.3
(6). The frying oil was palm olein containing 200 ppm of antioxidant; and fresh oil with 200 ppm TBHQ was used to make up the oil level
at the end of each day.

Table 4.3

Loss of 'l‘“HQ&urjng F!'_Tll'!lg'

i

Start 194
# hours Tis
24 hours 13
A0 heurs Mone detected

Asap and Augustin investigated the use of TBHQ in intermittent frying of 2-mm potato slices in palm olein (7). A control experiment (no
antioxidant) (A) was compared with oil to which 200 ppm TBHQ was added once (B) during 8 days of frying, and with oil to which 200
ppm was added at the start and a further 190 ppm each day (C). The results are summarised in Table 4.4 below.

Table 4.4
Effect of Rqﬂndnx ."nl'inﬁﬂ.mt i[u‘r'lng F't_'ping
Day A B C
Toral Polar 0 55 55 5.4
Materials B 47.4 45.4 413
Diiclectric 0 1.36 1.3 1.338
Constant 2 7 80 7 46 705
0 0 0 0
Polymers
B 4.95 401 255
0 572 57.2 57.2
Todine Value
B 4h.7 473 48.6
C18:2/C16:0 0 0.262 0.262 0.262
i g 0.095 0.099 0.123

The results show the protective effect of the antioxidant and the need to replace losses due to volatilisation on a regular basis.




TBHQ coated onto the surface of polythene bags has a protective effect on fried food during storage (8). Rho and co-workers submitted
instant noodles fried in palm oil and stored under accelerated conditions at 63°C to a taste panel. The storage time till rancidity developed
is shown in Table 4.5 below.

Table 4.5
Storage Test on Instant Noodles
Treatment Days life at 63"C
Control = no antioxidant 184
200 ppm TBHC in frying oil 72
200 ppm TEHO on package o
300 ppm TBHO on package iR
1,000 ppm TBHC on package 446

The concentration of TBHQ used was based on a fat content of 20% in the noodles.

It was concluded that the rancidity was initiated by a thin layer of oil that had migrated from the product onto the packaging
surface.

As a contrast to the volatility of the synthetic antioxidants, the relative heat stability of tocopherols is shown in laboratory frying
tests. Successive 50 g batches of raw French fries were fried in a mixture of soya bean oil (2 parts) and sunflower oil (1 part), with and
without added tocopherols. The results are shown in Table 4.6 (2).

Table 4.6
l‘r}-ing'[iuls—ﬂdﬂiliun of 500 P each of o- and 'r‘-'I'unlphmrls

Mumber of Total Oxidation Total Oidation
Frying Tocopherols | Tendency | Tocopherols | Tendency

10 735 1.00 1,703 1.00
a0 Al 133 1,546 114
50 Al5 135 1,344 121
0 527 151 1,212 127

Notes:
1. Oxidation tendency is defined as initial induction period divided by used oil induction period (from Rancimat Test at 100°C).
2. Initial tocopherol content of oil blends o-275 ppm, g-13 ppm, y-330 ppm, and 8-117 ppm.

In the study of Pongracz on Ronoxan A, ascorbyl palmitate was used in conjunction with tocopherol. It has, however, useful antioxidant
effect in its own right, as demonstrated by Masson et al. (9). This group, working in Santiago, Chile, compared the storage stability of
potato crisps fried in four oils of different polyunsaturated to saturated fatty acids ratios. No antioxidant was added at this stage. The oils
were sunflower oil (P/S 5.2), canola oil (P/S 3.4), canola/palm olein blend (P/S 0.4), and palm olein (P/S 0.3).

Potato crisps were fried in a batch fryer, used in a continuous manner for 10 hours. Each batch of crisps was divided into two. One
half was treated with 1.3% salt in a mixer, while the other half was treated with 1.3% salt to which ascorbyl palmitate had been added (as a
2% solution in ethanol). The quantity of ascorbyl palmitate was calculated to give 500 ppm in the potato crisps. After packing in bags, the
crisps were stored in the dark at 60°C and examined at intervals. Table 4.7 summarises the results. For the unsaturated oils, storage was
terminated at 16 days. Analytical figures at end of life were reported.



Table 4.7
Accelerated Storage Test on Potato Crisps Fried in Various Oils

Days .
Sample g IP (heurs) Taocols
. 0 127 701
Sunflower oil
-3 o 1211
Sunflower oil 0 20.3 692
+ AP 1% 10 24
4] 245 750
C:H:'.II:H. '::li]
f1 1.4 17
Canola ail o 78 623
< AP 16 45 142
CH:'.II:J."E:-H]:TI 0 2.0 119
olein blend 45 0 4
Canaola/palm o 145 432
olein blend + AP a0 0 0
o 137 570
Falm olzin
1] 36 135
] 18,5 357
Palm olein + AP
90 30 0

IF = Induction period in Rancimat test at 100°C for sunflower and canola
oil, and at 130°C for the canola/palm olsin blend and palm olein.
AP = 1:‘€I.|:|l‘.}". ]I111:'.i.[1[l:

The study is of particular interest in demonstrating the effectiveness of antioxidant added after the frying process. It incidentally also shows
the better keeping properties obtained from the use of palm olein in comparison with more unsaturated oils.

Silicone oil is an antioxidant with a mode of action quite different from the phenolic antioxidants.

The use of silicone oil (polydimethyl siloxane) to inhibit oxidation in frying oils was first reported and patented by Martin in 1953
(10). Freeman, in 1973, (11) showed that the effect was obtained by a mono-molecular layer of silicone on the surface of the oil, so that as
little as 1 ppm in the frying oil is sufficient. Analytical determination of the unchanged triglycerides showed a marked effect during four

days heating at 180°C (see Figure 4.4) and it also showed that BHT was not useful under these conditions.

Since then, the use of silicone under different conditions has been described.

Figure 4.4
Effect of Silicone on Heated 0l
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Zwoboda (12), in similar laboratory heating experiments, found that with 1 ppm silicone the amount of polymerised acids formed in
sunflower oil was 10%, whereas without the additive 34% were formed. After 20 actual fryings in sunflower oil the following results were
obtained:



Sunflower Sunflower (6l +

il 1 ppm Silicone
Polymerised Acids % 14 f
Empirical Foam Test 15 f

J.S. Rhee (13) found very good protection from silicone added to blended oil (95% partly hydrogenated soya bean oil, 5% cottonseed ail).
He heated the oils at 195°C for 19 hours, during which time three batches of French fries were cooked. The results are summarised in
Table 4.8.

Table 4.8
The Effect of Silicone and TEHCQ in Heated Orils at 195°C

Colour

Viscosity at
25°C(CS) (Lovibond
Red in 5%" Cell)
Hewurs 0 10 0 10 0 0 0 10
Control 23 262 20 4 62 110 0.8 11
200 ppm TEHQ 23 252 7 4 &2 104 0.8 9
1 ppm alicone 32 153 23 10 [:%] &0 0.7 7.5
1 ppm silicone +
25 106 50 12 63 72 0.8 4.4
200 ppm TEHO.

AOM = Active Oxygen Method

It is clear that under the conditions of this test, there was a major protective effect from silicone with further improvement when TBHQ
was also added. TBHQ on its own was not useful. Simulated deep frying experiments were also carried out in the laboratory using soya
bean, rapeseed, safflower, corn, rice bran and palm oils. A concentration of 1 ppm of silicone oil gave considerable protection to all these
oils.

The effect of 2 ppm silicone ail, dimethyl polysiloxane (DMPS), on deterioration of frying oil was demonstrated by Jorge et al. in batch
fryers using sunflower oil (14). Batches of French fries were cooked for 10 minutes with a 20-minute gap between frying. The operation
continued for 6 hours. In a similar fryer, batches of French fries were fried continuously using two baskets alternatively. Table 4.9 gives the
results of analyses for total polar materials.

Table 4.9
Polar Materials Formation on Frying in Sunflower Oil

Discontinuous 1.5 13.0 3.0
.0 20.4 7.2

0.0 32 33

Continuwous 318 7.2 f.3
.0 11.7 0.4

During continuous frying the surface is protected by the evolution of steam, and silicone gives no added protection, while in discontinuous
operation the surface is exposed to oxygen between frying unless DMPS is present.

Silicone oil was used to protect vanaspati (partly hydrogenated vegetable oil) and safflower oil. During 6 hours of static heating at
180°C, the loss of linoleic acid in vanaspati was reduced. In safflower oil, 4.5% of oxidised fatty acids were formed as compared with 9% in
the unprotected oil. (15)

Evans and co-workers found that the addition of 1-5 ppm of silicone oil to sunflower, cottonseed or hydrogenated soya bean oil
reduced the intensity of objectionable room odours when heated to 192°C. (16)



Since the effect of silicone is due to it forming an inert barrier at the air surface, it is particularly valuable in discontinuous batch
frying operations, as in restaurants outside peak periods, when oil is kept hot with only occasional use. In continuously operating frying
pans, where the surface is always disturbed by the product and with the continuous evolution of steam, the protective effect is much less

marked.

A secondary effect of silicone found by Freeman et al. was that convection currents in the oil were inhibited. It had been noted
that, as a consequence, the temperature at the air/oil interface was appreciably lower than that in the bulk. (17)

It should be noted that silicone is also widely used as an anti-foaming agent and fats containing silicone should not be used for
making cakes since they will not develop a satisfactory aerated structure. Its use in the frying of doughnuts is also not advised.

Commercial frying oils can be purchased with methyl silicone. Alternatively it can be added before use. Its insoluble nature makes
even dispersion difficult. One useful practical device used by the author was to make a concentrated dispersion in a small quantity of high
melting fat. This is then cooled and stirred until it is partly crystallised. It is finally poured into moulds of the type used for chocolate bars
and refrigerated. For use, individual squares are broken off and added to a batch of frying oil. The amount in each square is calculated for
the fryer in use to give 1 ppm in the frying oil. This method is particularly useful for use in restaurants.

Natural Antioxidants

The results already discussed illustrate that «-tocopherol is more effective in frying than the synthetic phenolic antioxidants. «-tocopherol is
not, however, the most effective of the tocols. There are four saturated and four unsaturated tocols. The antioxidant effect of the
tocotrienols is somewhat greater than that of the corresponding tocopherols: the additional effect being due to the double bond structure
(18). Accelerated test results obtained with 200 ppm in pork fat at 110°C are shown in Figure 4.5.

Figure 4.5
Antigxidant Effect of Tocopherols
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Another natural product present in most oils is squalene. Its antioxidant properties were shown in a model system.

Govind Rao and Achaya (19) carried out storage tests on concentrates of methyl oleate and methyl linoleate to which either
squalene or a tocopherol concentrate from safflower oil had been added. Samples were stored in glass beakers at 63°C and peroxide values
determined every second day. The results are given in Table 4.10.

Table 4,10
Antiowidant Effect of Squalene

Percande
Value

C 27 45 i 141 43 91 136 227

A= i:lJ:III:1:||.I I o= (0.02% A::uz1c:||: H;:!Ij.clll = 0.02% 'I.lll.u:lEl]:ul.'rl:ﬂs added

It was concluded that squalene acted as an antioxidant for an initial period with better protective action than tocopherols, and then became
pro-oxidant. A similar effect has been reported for carotene.



Currently there is widespread consumer feeling against chemical additives in food, despite the fact that they are fully tested and authorised
at government and international level. In consequence, there is great interest in the use of natural substances or extracts that have
antioxidant properties. Peters (20), in 1937, reported the use of an extract from oats as an antioxidant for fats and fat-containing foods. In
the author’s own experience in the 1940’s, an extract from 2-3% soya flour increased the oxidative stability of beef fat for use in a retail
pudding mix. The soya flour was stirred into the hot fat and then the flour particles were centrifuged out. This method was used until
synthetic antioxidants became approved food additives.

In a brief review, Pokorny (21) listed groups of natural antioxidants available from the plant kingdom. These include esters of
ferulic, caffeic, sinapic and protocatechuic acids from cereals; also lignans, flavonoids, carotenoids and spice extracts. Others have reported
activity from extracts of summer savoury and oregano.

Various laboratory techniques have been used to demonstrate effectiveness. For example, Nakatani (22) and co-authors used a
model substrate consisting of methyl linoleate dissolved in silicone oil to compare different spice extracts. The system has the advantage of
being free of antioxidants. Their results, measured by the Oil Stability Index (OSI), are given in Table 4.11.

Table 4.11
il Seability Index of Methyl Linoleate

Mil 547
Cinnamaon 645
Allspice 9.27
Nutmeg 957
Ginger 2525
Rosemary 98,60
o-tocopherol 4233
BHT 40,03

Gertz et al. (23) described a new test, the Oset Test (oxidative stability at elevated temperature), specifically designed to be relevant to
frying conditions. In this test a 20-g sample of oil was heated with 1 g of silica gel (containing 10% water) at 170°C for 2 hours. The
polymerised triglycerides were then determined by HPLC.

The Oset value is calculated as follows:

100
% polymer triglycerides

(rser =

The application of the test to oils to which various natural compounds had been added at 2,500 mg/kg is shown in Table 4.12.



Table 4.12
Effect of Natural Antioxidants on Vegetable (ils

0il Substance Added Oset Index Oset Relative to
Untreated Ol
Suntlonarer * 21 100
Sunflower * Squalene 3 106
Sunfoower * Rapeseed sterols 19 139
Sunflower Crryeanal 31 144
Sunflower * Cluerestin ke 162
Sunflonarer * Sunflower sterals 36 172
Rapeseed 4 100
Rapeseed Squalene 48 110
Rapeseed Rapeseed sterols 60 137
Rapeseed Cluercetin L 146
Rapeseed Chryzanol 85 147
Rapesced Sunflower sterols 83 194
Sunflower ** - 32 100
Sunflower ™ Rosemary extract 69 215
Sunflewer = Accorbyl palmirate +narural tocepherol: 59 184
Sunflower * Good Fry components 55 172

Notes: The results for Sunflowes Ol ™ were El:n::l:n'l.l:-::. at a recent conference.
[24)

Rosemary extract which contains several specific active compounds gives high protection to frying oil, as indicated by two different test
methods (see individual results in Tables 4.11 and 4.12), and is marketed as a natural antioxidant. Its performance in laboratory frying tests
had been investigated by Che Man and co-workers (25). They fried potato crisps in palm olein containing antioxidant at 200 ppm.

Potato crisps sampled after the oil had been used for 70 fryings without addition of fresh oil were stored for 14 weeks and then
submitted to a sensory panel for odour tests.

The order of preference was Rosemary >BHA>Sage>BHT>Untreated Oil. This order was also followed by the results of the
thiobarbituric acid test on the extracted oil.

In a second paper (26), the same group used response surface methodology to find the optimal concentration of a blend of
antioxidants for overall sensory acceptability as judged by a panel of 20. The blend contained 0.06% oleoresin rosemary extract, 0.071%
sage extract and 0.022% citric acid. If the C18:2/C16:0 ratio was used as the criterion, (27) then the optimum concentration of antioxidants
was 0.076% oleoresin rosemary extract, 0.066% sage extract and 0.037% citric acid. There was a synergistic effect from this mixture.

Rosemary extract reduced the formation of trans fatty acids during frying, as did a mixture of rosemary extract with BHA (28). The
following Table 4.13 summarises the results reported before and after eight batch fryings of potatoes in olive oil and sunflower oil.

Table 4.13
Reduction of Trans Fatry Acids Formation in Frying with Antioxidants

Trans oleic acid % Trans linoleic acid %

Olive il 0,045 0,082 0.123 0,144
Olivr oil + 200 ppm Rosemary 0.045 0.063 0.123 0.129
Olive oil + 100 ppm Rogemary - -
+ 100 ppm BHA 0,045 0.061 0.123 0,127
SFO 0.025 0.070 0.425 042
SFC + 200 ppn Rosemary 0.023 005 0.425 0,432
SFO + 100 ppm Rosemary 0.025 0,060 0.425 0426
+ 1O ppmy BHA

SFO = Sunflower oil



The reductions observed were statistically significant.

While the foregoing tests show that some protective effects can be obtained for frying oils, in practice the major commaodity oils
other than palm oil or palm olein do not have enough stability for satisfactory use in the more demanding restaurant and industrial frying
operations. Their high content of polyunsaturated fatty acids results in excessive oxidation. Traditionally, their properties have been
modified by partial hydrogenation to attain the desired stability at frying temperature. The inevitable consequence is the production of a
relatively high level of trans fatty acids. For example, the normal linolenic acid content of soya bean oil (7-9%) can be reduced to 2% by
selective hydrogenation, but the oil will then contain about 20% of trans fatty acid isomers.

Since trans fatty acids are now generally accepted to be nutritionally undesirable, there has been considerable interest in breeding
for lower unsaturation. As a result, high oleic sunflower (“Hosun”) oil has become available. Its frying performance has not come up to
expectation; firstly, because the natural antioxidant present, «-tocopherol, is the least effective of the tocol group, and secondly because its
use fails to produce the expected fried food flavour. This is formed from the linoleic acid, present at too low a level in Hosun oil.

In order to overcome these defects, Hosun oil has been combined with a proprietary blend of specially prepared sesame oil (4%)
and rice bran oil (2%) to give “Good Fry” oil. Sesame oil contains the antioxidant tocopherols (490-680 ppm), &-avenasterol (560 ppm)
and 8 -avenasterol (56 ppm).

In addition, the oil contains about 0.5% of sesamolin (29), which yields the two phenolic antioxidants, sesamol and sesaminol, when
heated in the presence of water, as in the case of frying. Rice bran oil contains tocotrienols, tocopherols, & -avenasterol and also y-oryzanol,
which consists of a mixture of ferulic acid esters. Rogers et al. (30) examined in detail refined rice bran oil from five different refineries; and
very variable y-oryzanol and tocol contents were found. The Good Fry patent specifies high quality rice bran oil and a careful refining
process and therefore it is probable that the three highest antioxidant contents A, D and E (see Table 4.14) found by Rogers are relevant to
the Good Fry components.

Table 4.14
- Oryzanol and Tocol Components of Rehined Rice Bran Ol {ppm)
Sample
I

Cycloartenyl ferulate 232 55 228
24-methyl cycloartenyl ferulate 314 61 74
Campestery] farulate 157 228 342
Psitasteryl ferulate and cycloartenyl ferulate g4 66 74
Total ferulates 787 510 718
G=tocotricnol 43 fa 104
[tocotrienal 478 322 975
a-tocotrienal £h n.d Fi
FPI.II\:I:IE:]II.'T(:-] 17 .. 40
[mand procopheral 114 99 330
o=tocopherol 120 218 34
Total tacols 863 645 1,600

n.d.=none detected

Practical frying trials using Good Fry oil have been reported. In the first trial (31) it was used to prepare French fries from part-fried
potatoes in a restaurant, frying 15 x 100 g potatoes per hour for 5 hours on successive days. Oil was discarded either when the organoleptic
quality of the product was poor, or if the oil was foaming excessively, or was too dark.

After 40 hours of frying over 8 days the potatoes fried in Good Fry oil were still of good quality, but the oil was dark in colour and
foaming. In comparison, after 40 hours, palm olein (with no Good Fry components) gave French fries, which were char-acterised as
starting to be greasy though still of normal restaurant quality. The oil was dark and foaming. Thus the additives had enabled the Hosun oil
to perform slightly better than palm olein.

Partly hydrogenated rapeseed oil was also used in the trials, and was less satisfactory.

A more extensive comparison of palm oil with Good Fry oil was carried out in normal usage in ten restaurants. The Good Fry oil
showed a significant reduction in the amount of oil that became unfit for further use (32).



The Good Fry system has also been tested on potato crisps fried in an industrial scale (34). The results for palm olein and unhydrogenated
rapeseed oil are summarised in Table 4.15 below.

Table 4.15
Sensory Evaluation of Potate Crisps during Storage

22 Lla 22 053 140 L67 300

(33)

Motes: Good Fry Components: 4% sesame oil + 2% rice bran oil
Scoring for taste: O=perfect, 2=acceptable
Seoring for smell: OD=perfest, 2 5=aceeprable

The Good Fry system gave potato crisps fried in rapeseed oil keeping properties approaching those fried in palm olein. Good Fry
components added to palm olein at 2% level gave some improvements in organoleptic properties on storage. It should be noted that palm
olein alone gave crisps with a storage life well beyond the 12 weeks normally required.

Other industrial scale trials showing significant improvement in shelf life were of potato crisps fried in unhydrogenated soya bean
oil with 5% of the additive mix and of a pork snack product fried in lard with 3% of the additive mix. Storage life was increased from 8
weeks to 16 weeks in the latter product (34).

Research for natural products with antioxidant activity is currently a very live subject. A recent study (35) from Hong Kong
examined the individual theaflavins and catechins present in black tea. Substances were tested in canola oil at 95°C by measuring oxygen
consumption and loss of polyunsaturated acids. All the four catechins and four theaflavins examined were better antioxidants than BHT.
The most effective in each group were (-) epigallocatechin gallate and theaflavin -3,3" digallate, respectively.

Propolis is a resinous material collected by bees and used in the construction of their hives. Chemically complex, it contains
flavonoids with antioxidant activities. The effect of a methanolic extract of propolis on olive oil in comparison with synthetic antioxidants
has been studied (36). Commercial olive oil with an initial peroxide value of 4.3 meg/kg was used. Samples were then stored at 60°C in the
dark.

The results are summarised in Table 4.16.

Table 4.16
Antioxidant Effect of Propolis Extract, BHA and BH'T in Olive 04l

Storage Cuntm'l BHA 0.01% BHT 0.01%

7 1a.1 15.0 19.0 13.1 181 125 99
21 4.6 1.9 63.5 137 Al 138 0.0 7.4 786
35 A7.1 12.35 LY 143 7848 1.9 22 6.7 ELH]

PV = Peroxide value (meq/kg)
IR = Inhibition rate = PVeonmrol = PVtestx 100
P¥Weontrol



It was concluded that the antioxidant effect of 0.08% propolis extract was superior to that of the synthetic antioxidants at 0.01%.

Parkanyiova and co-authors (37) reported an antioxidant effect during frying from plant extracts. Extraction with acetone of
Sweetgrass (Hierochloe odorata) gave a phenolic extract with 98.8 mg/g of gallic acid equivalent (GAE), while extraction of Lovage
(Levisticum officinale) gave an extract with 32.9 mg/g of GAE. A total of 0.1% of mixed extracts (in a ratio of 1:1) was added to rapeseed
oil, used in discontinuous frying at 150°C over 5 days. Formation of polymers was reduced and the extracts acted synergistically at frying
temperature, although there was no synergistic effect in an accelerated oxidation test at 100°C by the Oxipres method.

At a recent conference on biologically active phytochemicals (38) a number of papers revealed common ground between
antioxidants of interest in biological systems and those relevant to edible oils. Extracts with antioxidant activity in oils and fats were
reported from bilberry skins, Canadian bearberry, buckwheat leaves, grape residues, the trunk of the yucca and others.

A methanolic extract from Ajoiven powder (carum copticum) has been found to have excellent antioxidant properties in flaxseed
0il (18:1-22.2%, 18:2-14.2%, 18:350%) and bahera oil (18:1-57%, 18:2-7.8%, 18:3-5.7%) (39).

Phenolics can be obtained from wastes or byproducts of food processing. Of particular interest, because large quantities are
potentially available, are extracts from apple pomace and from the effluent of palm oil mills.

Laboratory tests have shown that several of these extracts have antioxidant activity at least equivalent to the permitted synthetics.

An antioxidant preparation from olive oil processing waste is currently being commercialised by the Spanish company, Genosa
I1+D, under the name of “Hytolive”. It is based on a process patented by Instituto de la grasa, Seville, the Spanish oils and fats research
institute. The major active component is hydroxytyrosol and the product is claimed to have applications in food, cosmetics and

pharmaceuticals.

It is hoped that other new and economical natural antioxidants will reach the market in the near future.
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Review Of Literature On Frying In Palm Oll

Reports have appeared over more than 30 years regarding the performance of palm oil or palm olein in frying. The reports originate from a
number of countries and relate both to batch fryers in restaurants and continuous fryers manufacturing snack foods.

Von Zeddelmann and Wurziger (1) carried out an extensive investigation based on laboratory heating experiments at 180°C without
any frying. Their analytical results were summarised qualitatively as follows:

Oidised Fatty Acids:  soya bean oil» groundmut oil »
hardened groundnut il = hardened fish edl=
palm oil coconut oil
Free Fatty Acids: coconut oil> hardened fish oil »
palm oil + groundnut ol >
hardened groundnut oil = soya bean ail
Smoke Point: hardened groundnut oil » palm oil + groundnut oil »

soya bean oil » fish oil » coconut oil

They also considered the time of heating to reach selected limit values for oxidised fatty acids and acid value. Their results are shown in
Table 5.1.

Table 5.1
Frying Oils - Time to Reach End of Useful Life

Hardened fish oil 130 104
Hardened groundnut oil 140 42
Coconut oil 100 125
Palm oil 130 103
Ciroundnut oil 140 a3
Soya bean oil 1&0 35

Taking the two criteria together, palm oil has the longest life of 103 hours.

When they examined used frying oils from commercial operations the results were not so clear cut because the other two factors of
design and operating conditions varied, as well as the type of goods fried. Nevertheless, their overall conclusion was that animal fats and
polyene rich vegetable oils should not be generally used for deep frying because of their sensitivity to high temperatures. Hardened
groundnut oil and unhardened vegetable oil with palm oil showed the greatest stability to high temperatures both in analytical and in
organoleptic tests.

Faur (2) carried out frying tests in a batch fryer in which palm oil and palm olein were compared with hydrogenated coconut oil and
groundnut oil. Palm olein behaved very similarly to groundnut oil during 15 fryings. Sensory evaluation based on taste, odour and
appearance placed groundnut oil before palm olein, but the differences in score were very small and probably not significant. Palm olein
was preferred to palm oil because it had lower tendency to give greasy mouth feel. This was attributed to its reduced content of high
melting glycerides. Faur’s general conclusion was that catering establishments could consider palm olein and palm oil as excellent products
for deep frying. This recommendation is particularly significant in the light of the high French standards of cuisine and their strong
traditional preference for groundnut oil.

A team from the United States Department of Agriculture (USDA) Research in Athens, Georgia, compared potato crisps fried in
cottonseed oil, sunflower oil and palm oil (3). Cottonseed oil was regarded as the standard frying oil for crisps at the time (1975-1978), but
imports of palm oil had more than doubled in 1975 to 436,000 tonnes, with a large proportion being used for potato crisps manufacture. It
was thought desirable to evaluate the quality of palm oil fried crisps after storage.



The potatoes were fried for 2 minutes at 180°C in a continuous fryer. After 12 hours of frying, samples were taken, placed in standard
packaging and stored at 31°C and 50% Relative Humidity (RH) for 10 weeks. Reference samples fried in cottonseed oil were stored at 20°C
until evaluation. The sensory scores of the three experimental batches deteriorated at a similar rate and all approached off-flavour at the
end of storage. The colour of crisps fried in palm oil was lightest throughout storage.

Analysis of the used frying oils after 10 weeks showed that palm oil had a slightly higher acidity at 0.22% but it had the lowest
increase in viscosity, the least drop in iodine value and the lowest peroxide value and anisidine value.

Analysis of oil extracted from the crisps showed that the palm oil had no increase in peroxide value, unlike the other two oils, the
lowest anisidine value and no loss of linoleic acid.

The team concluded, “the three oils could probably be used interchangeably”. However, the analytical results indicated that under
long term use in manufacture, palm oil would probably last longer. At this time the potato processing industry in the north western states
of the United States of America (USA) recognised the greater economy of palm oil, since bulk shipping to Portland, Oregon was cheaper
than rail transport from the middle west, and there was a favourable price differential for palm oil.

Toregard and Eriksson (4) took oil from experimental batch frying of potatoes to evaluate various analytical procedures. They
concluded that sensory analysis and the chromatographic assay of polar materials were the most useful tests. Palm olein and palm oil could
be used for a longer period than hydrogenated soya bean oil before reaching a limiting taste score of 2.3. The respective usable periods
were 84, 80 and 44 hours. The organoleptic tests did not agree well with analytical constants. 28% total polar materials were reached by the
three oils after 24, 27 and 29 hours, respectively.

Bracco and co-workers (5) from the Central Research Laboratory of Nestle compared groundnut oil with palm olein in batch fryers.
Oil was heated to 180°C and potatoes were fried intermittently over more than 100 hours. The following Table 5.2 gives analytical results
for the two oils after 82 hours.

Table 5.2
Dieterioration during Frying
Firee Fatty Smoke Viscosity | Polymers .
o Hours | “gidst | Poime"C P [ Fonm v
0 0.02 215 50 0z
Crroundnut cal
B2 028 229 102 126 102
. i 0.03 122 49 0.4
Palim ail
52 0.32 182 72 6.3 9.4

Note:* The foam index is an empirical measure of foam stability. It was defined as the time that foam from used oil remained stable at a standard height in
a jacketed tube, divided by the time required by the fresh oil. The tube was heated to 180°C and 5 g of potato cubes were dipped into 35 g of the hot oil.

A number of other frying oils were tested by the same procedure. A linear relationship was found between the foam test and the
polymer content, as shown in Figure 5.1.

Figure 5.1
Foam Test and Polymers after 72 hours
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It was concluded that palm olein performed at least as well as groundnut oil in batch frying. Subsequently they monitored performance of
palm olein in an industrial scale continuous fryer. They concluded that used palm olein showed less degradation and had a longer induction
period than groundnut oil and it produced fried foods of acceptable keeping properties.

Herendi and Bethke (6) reported frying tests carried out in 20 litres of oil. The oils were heated at 180°C for 8 hours a day and 1 kg
of French fries were cooked every hour. After 48 hours the proportion of non-polar materials and the smoke point were measured (See
Table 5.3 below).

Table 5.3
Analysis of Used Oils
MNon-polar Smoke
Materials Paint*C
IMardened palm oil B3% 18h
Palm oil 2% 181
H'JTIIJ::'_I:(:_ “:ly'l .:\Elrl (:ll] ?1 I‘?i\ 1 'jl‘l
Soya bean oil e 177

Palm oil performed somewhat better than soya bean oil.

In 1985, Japanese consumption of palm oil for frying was estimated as more than 50,000 tonnes, (7) of which some 20,000 tonnes
were used for Chinese noodles. Sakata and co-workers reported laboratory batch frying tests. They maintained oil at frying temperature for
8 hours/day for 3 days and each day fried 3 batches of Chinese noodles. The conditions chosen, with the oil kept hot but unused for long
periods, were very severe. After 8 hours the tocol content was reduced from 237 ppm to 8 ppm, but when 2-ppm silicone oil was added the
residual tocols were 171 ppm. Similar results were obtained for French fries. For snack foods, a blend of palm olein with either rice bran oil
or corn oil was preferred, to retain the characteristic flavours of these oils.

It was concluded that palm oil had excellent properties against oxidation and was generally accepted by consumers.

Arroyo (8) studied total polar materials formed on frying potato slices in palm olein: 60 successive fryings were carried out without
the addition of fresh oil. Several fryers were operated in parallel, and oil volume was maintained with used oil from one of them (which was
then shut down). Under these severe conditions the total polar materials increased from 8.9% to 17.5%, still below the critical level of 25%.
Most of the original 8.9% total polar materials consisted of diglycerides. These results were superior to those obtained in earlier tests (9)
with sunflower oil when total polar materials increased from 3.75% to 27.3% in 60 fryings under the same conditions. It was concluded
that palm olein “exhibited unique stability in frying applications”.

An extensive collaborative project on the frying properties of high oleic “Hosun” oil and normal sunflower oil was sponsored with
European Union (EU) funds. In these experiments palm olein was used as the reference oil. Details of the study were published in a special
issue of the Spanish journal Grasas y Aceites in 1996. The oils were used to fry potato crisps under industrial conditions and the
development of polar materials was analysed in detail on the fresh oil and over 2 days continuous frying (10).

The results were given in Table 5.4. The oils used were palm olein, sunflower oil and Hosun oil.



Table 5.4
Classes of Total Polar Materials (%) in Different Chils during 2-Day Frying

Oil Type Day TGP TGD OxTGM DG FFA Total
0 0.08 0.38 0.al 6.52 011 7.7
Palm Olein 1 0.1%8 1.04 .54 A58 0.21 &7
2 0.19 1.09 1.02 6.335 0.25 £.9
0 0.04 0.3s 083 1.06 0.51 2.8
Sunflower -
ot 1 0.11 1.4% 1.44 1.28 (.58 4.9
2 0.17 1.68 1.48 1.30 .57 3.2
0 0.05 0.26 0.69 1.63 0.47 31
Hasun il 1 0.07 0.80 111 1.82 051 43
2 011 1.04 1.29 1.94 (.32 4.9
TGP = riglyceride polymers
TGLY - 1-':p"|y¢¢|§dr dirners
O TGM = osddised miglyeeride monemers
[ = diglycerides
FFA = free fatty acids

After 2 days total polar materials for the three oils were well below the recommended maximum. The figure for palm oil was mainly due to
the typical level of diglycerides in the oil, and it showed no increase with use. Sunflower oil showed a higher increase in dimers and
polymers than the other oils.

Table 5.5 shows the oxidative stability of the crisps during room temperature storage (11).

Table 5.5
Storage Stability of Crisps
Ol Imitial | 25wecks
ce-tocophersl {mg/g) Bk 437
Sunflower oil
[ 93 25
High oleic a-tocopheral {mg/lg) 371 3R
sunflower il 151 218 185
_ o-tocopherol (mgfg) = 207 198
P:I_m (L.Iﬂln
sl 385 42.2

Motes:  * Hancimat determination at 100°C an crizps

** Excludes other tocols

In accelerated storage tests of the crisps at 60°C the a-tocopherol and stability were at, or close to, zero after 14 days for the sunflower oil
product and 35 days for the high oleic variety, whereas palm olein crisps were still stable.

The greater stability of crisps fried in palm olein was confirmed by measurement of peroxide value and hexanal during storage at
room temperature (12) (13) and by sensory evaluation (14). Palm olein gave the most stable crisps, sunflower oil being the least stable.

A group of workers at the University of Zagreb (15) compared the frying performance of palm oil with the locally available blend
of rapeseed oil and soya bean oil (80:20). 18 batches of sliced potatoes were fried daily for a total of 80 hours in small batch fryers and the
fryers were topped up daily with fresh oil.

After 52 hours the vegetable oil blend was no longer fit for use; palm oil was usable for 80 hours. The normally accepted limit for
total polar materials was reached in 44 hours with the vegetable oil blend, and in 80 hours with palm oil. Analytical data obtained at this
point is shown in Table 5.6.



Table 5.6
Amnalytical Values at Point of Rejection

S o

Time of Use (hout) 4 20
FFA (3= Oleic Acid %) 0,33 0.46
Peronide Value (mmoledg) 21 22
Amisidine Valus 145 59
Drrop in Todine Value 5.0 33
Total Polar Materials (%) 26 26
Time to Foaming [hour) 30 » B0
Colour {Lovibond Red in 54" Cell) darker lighter

Palm oil gave superior performance. It did not give the unpleasant room odour given by the vegetable oil blend.

Sebedio et al. (16) reported on oil quality during the industrial frying of French fries in palm oil prior to freezing. Samples were
taken for analysis over 2 weeks of 5 working days and the quantity produced daily varied according to orders. The oil content of the
product averaged at 5.5%. As a result of the low oil uptake the turnover rate in the fryer would be rather low, so the stress on the frying oil
would be quite severe. However, the analytical results as summarised in Table 5.7 showed that steady state conditions were reached with
acceptably low levels of free fatty acids, total polar materials and polymers. Other analyses for thiobarbituric acid value and Oxifrit Test
also gave low figures.

Table 5.7

Changes in Quality Parameters of Palm 0l during Industrial Frying of Frozen French Fries

DayofFrying | Froduction | gpaw) | FOS@nit) | yForiFelee | Potymens 30)
0 - < .05 - 13.5 0,4
1 E3 0,14 & 13.4 1.4
2 o5 0,27 1.3 17.9 1.3
3 10.7 0.24 1.1 185 35
4 15.4 039 1.3 212 4.7
5 10.0 0.41 1.4 234 4.2
&) 12.7 0.45 1.5 17.8 52
17.5 .39 0.8 199 33
2 178 0.41 1.4 16.3 4.5
9 126 0.33 1.0 194 3.7

10 6.5 0.40 13 21.8 1.0

It was noted that the high value for total polar materials in the fresh oil was not due to alterations in the oil, but was related to the
diglyceride content. However, the figure of 13.5% total polar materials was exceptionally high for palm oil, which normally contains 5-6%
diglycerides, corresponding to no more than 7-8% total polar materials. The figures obtained after frying should be interpreted after
allowance was made for the initial figure, though it was pointed out that assessment of the oil quality based on the polymer content was
more reliable in the case of palm oil.

Analyses for cyclic fatty acid monomers were also carried out. This component is nutritionally undesirable as it may have toxic
effects. The level in the fresh oil was 0.02%, appropriate for good quality oil, while the highest values on used oil were only 0.07% and
0.10%.

It may be concluded that this thorough study of a commercial operation showed palm oil to be a very suitable frying medium for
the production of part-fried French fries.

Shyu et al. (17) compared the behaviour of soya bean oil, lard and palm oil when used for the vacuum frying of carrot slices. 8
batch/day were fried for 6 days at 105°C and 20 torr. Analysis of the oils after 48 hours of frying is shown in Table 5.8.



Table 5.3
ﬂ.n!'l].-!iu of Chls Used for Vacuum I"'r_q.'ing of Carrots

Soya bean
0il
26 28

Peroside Value 23

(meqike)

Acid Value 01E o7 14
(mg/KOH g)

Carbonyl Value 15 22 28
(meq/kg)

Total Polar 13 14 185
Materials ()

FOS Reading 20 20 27
WVizcosity (cF) 45 43 38

It was concluded that palm oil and lard had greater thermal stability than soya bean oil, which also showed the largest decrease in the C18:2
/C16:0 ratio.

Du Plessis and Meredith (18), working at Commonwealth Scientific and Industrial Research (CSIR), Pretoria, South Africa, carried
out sensory evaluation and analysis of potato crisps taken at intervals from a commercial production line using palm olein. Crisps were
stored at 35°C and 80% relative humidity. During frying the free fatty acid content rose from 0.1% for fresh oil to 0.41% after 31 hours
frying. Tasting tests on samples stored for 30 days showed that the overall freshness score (on a scale of 1 to 5) had dropped to 3.3 for
samples taken when free fatty acids had reached 0.41% and to 2.9 for samples taken at 0.16% of free fatty acids. The latter result was
regarded as of borderline quality. It is generally recognised that product flavour is better at moderately increased free fatty acids. The
samples showed adequate storage life. Total polar materials increased during the 30 hours from 8% to 12%. The latter was one half of the
regulatory limit in South Africa. Polymerised glycerides increased from below 1% to 2.1%: negligible, in comparison with the behaviour of
unsaturated oils.

A team from a Food Science Australia laboratory (19) carried out batch frying tests on six oils. Three were newly developed canola
oil with low (LLC), medium (MLC) and high (HLC) linoleic acid content. They were compared with sunflower oil (SO), commercial palm
oil (PO) and partly hydrogenated canola oil (PHC). The latter two oils contained TBHQ and 4 ppm of anti-foaming agent.

French fries were fried intermittently. They had been part-fried in tallow before freezing. Analysis and tasting tests were carried out
on samples taken during 80 hours of operations.

Total polar materials were measured using the TPM Veri-Fry PRO quick test after it had been calibrated against the AOCS method.
The results, reported as smooth curves, were somewhat unexpected. A level of 2% total polar materials was reached in the following order:
HLC after 48 hours, PO and MLC 53 hours, LLC 56 hours, SO 57 hours, and DHC 73 hours. The dielectric constant measured by the
FOS gave a similar order for the oils except for commercial palm oil. A quality limit of about 4 units had been proposed elsewhere. This
was reached in the following order LLC and MLC 18 hours, HLC 25 hours, SO and PO 42 hours, and PHC 61 hours.

It was stated that palm oil was popular for fast food outlets due to its oxidative stability and good flavour stability. Their tasting
tests showed mean scores for overall quality as follows: SO and LLC 6.1, PO 5.9, MLC 5.8, HLC 5.4, PHC 3.9. The scores for SO and
LLC were significantly higher than the other oils (p<0.05) according to the statistical analysis. The difference between 6.1 and 5.9 was
however rather small, and may indicate a subconscious preference for a known flavour. The analytical results for palm oil in relation to the
other oils examined were somewhat out of line with the published experience of others.

Zalewski and co-workers (20) at the Warsaw Agricultural University in Poland examined the properties of potato crisps and French
fries prepared in palm olein, rapeseed oil and various blends. The products were fried intermittently and samples were examined
organoleptically and analytically at intervals. The results are summarised in Table 5.9, for samples taken after 40 hours.

It was concluded that the quality of potato products fried in rapeseed oil/palm olein blends was superior to that using rapeseed oil
alone.



Table 5.9
Analytical and Tasting Results on Fried Potato Products

PO 22 7. 20 » & months
K500 40 3.7 18 4 months
POL:RSD 50:50 32 6.2 30 5 months
HR50 2 T ™ 3 N POy = palm olein (TV56)
_ months HRSO = hydrogenared
POV POE: RS 29 fr.h 28 5 months :j.pcscn:;:] oil
aoaau POS = palm stearin (IV4E)

The work of E.W. Hammond has already been discussed in Chapter 2 (Chapter 2 (9)). It described the manufacturing operations of one of
the largest snack food manufacturers in Europe. They continue to use palm olein of strict quality specifications. For some crisps products a
proportion of refined red palm olein was used because it imparts an attractive golden colour to the crisps. Incidentally, the carotene content
added to the nutritional quality.

Guinda et al. (21) compared the behaviour at frying temperature of palm olein with oil from mutant sunflower seeds obtained by x-
radiation. The main fatty acids component of the sunflower oil were 57.7% oleic, 3% palmitoleic, 2.3% linoleic and 27.8% palmitic; while
the palm olein contained 42.1% oleic, 12.3% linoleic and 38.7% palmitic acids. 2-g samples of oil were heated in open tubes (1 cm
diameter) in a Rancimat apparatus at 180°C without air bubbling.

Analytical results on the oils before and after heating are shown in Table 5.10 below.

Table 5,10
Amnalysis of Heated Oils
T [T g e

Induction period by 19 "
Rancimat at 12000 (hours)
Tocol: {mgg) 870 200 470 Mil
Total polar materials 28 7. 8.4 158
Sf;g,;if;ff“"m 03 26 10 54
Triglyceride polymers 01 24 06 6.5
Dhiglycerides 1.5 1.9 4 fr.d
Free farty acids 06 0.7 0.3 0.3

Motes: In the palm olein, tocols had fallen to nil after 6 hours,

It was concluded that the better resistance to oxidation of the sunflower oil was due to its lower content of polyunsaturateds and higher
tocopherols.

Sunflower oil, corn oil, partly hydrogenated soya bean oil (mpt 26-28°C) and partly hydrogenated palm oil (mpt 42-44°C) were used
in batch fryers to cook meat croquettes and French fries at 185°C (22). The routine used was to fry for 3 periods of 30 minute/day and in
between to hold the oil at 120°C for 6 hour/day. Oils were rejected when the flavour became unacceptable. Analyses at the rejection point
are shown in the table 5.11.

Table 5.11
Amnalysis of Oils Used for Frying Meat Croguettes
SFO Corn 0l HSBO HPO

Rejection point (houwrs Frying) 105 12 9 45
Polymers % - croquettes g 185 24 3
Polymers % - French fries 15 B 5 14
Total polar materials % - croquettes 31 29 19 15
Total polar materials % - French fries ] 10 12 10

SFO = Sunflower Oil
TTSB0O = Panly [ydrogenated Sova Bean O
HP(Y = Hydrogenated Palm Ol



It was interesting to note the difference in analytical results depending on the product fried. The surprisingly poor performance of the
hydrogenated palm oil was unable to be accounted for.

In a report at a recent conference (23), Matthaus described a comparison between high oleic (>70% 18:1), low linoleic rapeseed oil,
“Natreon”, palm olein, high oleic sunflower oil and partly hydrogenated rapeseed oil.

The test consisted of heating 2/: litres oil of each variety at 175°C for 1 hour, during which time 50 g of part-fried potatoes were
fried for 3'/.minutes. This process was carried out for 6 hours a day for a total of 72 hours. At this point Natreon contained 6% oligomers
while the other oils contained 7%.

Total polar materials showed a nearly linear increase with time: final results showing Natreon with 10%, high oleic sunflower oil
and partly hydrogenated rapeseed oil 11%, and palm olein 14% (initially 6%). The taste of potatoes was satisfactory for all oils at 54 hours,
although the used palm olein scored lower for flavour at this point. After 54 hours lower taste scores were obtained for all oils. It was
concluded that Natreon oil was comparable to the other oils in frying performance, and nutritionally superior to the partly hydrogenated
rapeseed oil and the palm olein.

It is evident from this review that palm oil meets the performance requirements of the restaurant chef, the snack bar operator and
the large scale food manufacturer all over the world. While there are other oils with similar performance, they are more costly. Since oil is
usually the most expensive of the major ingredients of a fried food product, its price is an important factor in the overall economy of the
production line.
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Review Of MPOB Projects On Frying

The Palm Oil Research Institute of Malaysia (now part of the Malaysian Palm Oil Board (MPOB)) has had a continuing programme of
research on frying since its inception. The objective is to provide information facilitating the use of palm oil anywhere in the world.

In some projects the relevant physical or chemical properties were investigated, while others researched into specific applications,
often in collaboration with a user or potential user.

As regards bottled oils for the retail market, two important factors are the clarity of the oil on the shelf, and its freedom from
rancidity. While palm olein has exceptionally good keeping properties, its cloud point is rather high, and is improved by blending with
liquid oils.

The following Table 6.1 gives results of initial studies for the induction period and cloud point for a number of oils and their blends
containing 30% palm olein (1).

Table 6.1
Induetion Period at 100°C and Cloud Points of Oils and Blends
Qills and Blends Induction Period Cloud Point
(hours) C}
RED Palm olsin 440 9.6
Cottonzesd 11.1 3.0
Cottonsesd / Palm olsin - 5.0
Grroundmut 15.0 1.9
Groundmut / Palm olsin 210 2.0
Com 9.0 9.5
Corn £ Palm alein 12.0 1.9
Ollive 118 -10.0
Oflive / Palm olein 10.0
Rapeseed 11.5 5.0
Rapesesd / Palm olzin 16.0 0.0
Sesame 2] -
Sesame J/ Palm olein 7.0 0.3
Soya bean 160 -4.0
Soya bean ¢ Palm olein 19.0 22
Sunflower LX) 9.5
Sunflower / Palm alein 7.0 -23

RBD = Refined bleached and deodorised
It will be noted that in general the blends have better keeping properties than the 100% oils. The cloud points are suitable for bottled oils.

The effect of the permitted additive oxystearin on the cloud point of palm olein-soya bean oil mixture was determined. The results
are given in Table 6.2 below (2). The effect was rather small.

Table 6.2

Clound Point of Palm Olein/Sova bean Ol Blend
Palm Olein Content 10% 20% 40% 50%
With axystearin (0.1%) 73 5.2 1.7 0.2
Without oxystearin b4 4.0 16 0.6

The measurements of physical properties were subsequently extended, and generated the information given in Tables 1.3 -1.9 in Chapter 1.

For industrial users the clarity of the oil is not important, but the ability to easily pour oil out of its container is of practical value.
The AOCS pour point method was used to assess the effect of additives on this property. The results are given in Table 6.3.



Table 6.3
The Effect of Additives on Pour Point ("C)

Sosbeani | Nosddie | TUUR | TR
1000 4.3 31 4.2
75:25 30 0.2 1.9
50:50 20 0.0 0.7
2575 2.0 44 0.4
0:100 « =4, < =60 < 0.0

Tween 20, a permitted food additive, had a useful effect at the low level of 0.01%. Its effect on frying properties was not investigated.

A series of frying experiments was carried out comparing vegetable oils listed in Table 6.1 with their blends with 30% palm olein
(3). For this purpose a standard routine was established.

Valentine fryers using 5 kg oil were used at 180°C. 100 g of French fries were fried for 4 minutes, 10 batches in an 8-hour day for 5
days. This procedure was very similar to that used by other workers. These conditions were rather severe, since the oil was kept hot with
relatively little frying. Tasting tests showed that the oil had developed distinctive burnt or rancid flavours after 4 days (32 hours) operation,
while the product had off-flavours on the 5th day.

A number of analyses were carried out daily on the oils. In view of the results of the tasting tests, the oils should, in normal use,
have been discarded during day 4. The results of the most useful analyses are given in Table 6.4 for samples drawn at the end of day 3. In
general, the results for polymers and oxidised fatty acids were lower in the blends. It may be noted however that all the oxidised fatty acid
contents were above the limit of 1% generally advised. This was an indication of the somewhat severe conditions of the test.

Table 6.4
J'i.'ﬂ]]y‘.'L“ I'.lf h!‘rll!lg 0';1! I‘TE' 3 |J1:|.-! U!E

E;‘f_,‘]""?'a'"d* 04 | 021 Joze] 030 Joaa] 0as fors) o7 foss|oer |osz|oss e oefose| osz
".-":sn:r.mr_\r at 4070 . ; .
(paise] 97| g7 hoo| 99 |52 o |es]| 75 [r2o] o8 |95 108 [os] 99 |ioa] 20
Pulymers (%) aa | 1w |as] 23 |1a| 12 || oy | - | - |28] 22 - |2z2] 14
Colaur

(Lovibond Redin |20 ] 23 |35 50| - | - |42 e2]20] 20 |as] a7 [e1] 21 50| 20
534" cell)

Cridised acids - - - ]

o 33| 17 |5 2o |25 17 |27 so |22] 30 |23 ] 22 [34] 34|33 24
Smake paint ('C) [192 | 190 |20 208 |212| 210 |16z 171 |192] 190 | 194 | 193 [aor| 202 |is0] 187

None of the other analyses show significant differences between the oils and their palm olein containing blends. It may therefore be
concluded that the performance of the blends is likely to be somewhat better than that of the oils in a practical operation. In normal market
conditions the blends will be more economical.

The effect of antioxidants on the frying performance was investigated in batch frying (4). Refined palm olein (iodine value 62.3)
with the addition of 194 ppm of TBHQ and 2 ppm of silicone was compared with the same oil without additives.

The oils were heated to 177°C for 8 hours per day over 5 days and 500 g portions of chicken nuggets were fried for 3'/> minutes
every half an hour. At the end of the day the oil was topped up. Analyses were carried out on the unused oil and at the end of day 3 and
day 5. The following Table 6.5 summarises the results.



Table &.5
Analytical Values of Frying Oil with and without Antieddants

Free Farty Acids (%) 004 (.45 074 .04 033 048
Smoke Point ("C) 229 188 182 228 200 190
Anisidine Value 187 431.4 HR.15 L.80 18.32 2027
Tatal Tocols (ppm) 746 332 214 740 583 450
Total Polar Marterial: (%) 6.7 16.0 0.8 X 9.4 116
Polymers (%) (.45 256 3.B0 (.44 .02 241
0l Srability Index 21 17 12 49 14 32
(houes ar 1107}

All the results demonstrated the benefit on oil quality with the combined antioxidants but both oils were judged to be suitable for further
use. Samples of chicken nuggets were submitted to a taste panel for evaluation of flavour and textural characteristics. There were only small
non-significant changes during the 5 days and all the samples were of good quality. In view of the good condition of the oils this result was
to be expected.

The oil absorption characteristics of soya bean and palm oil products were compared in the preparation of French fries (5). The
characteristics of the oils used are given in Table 6.6.

Table 6.6
Analysis of Oils

Melting Point (°C) 0 0.0 - 350
lodine Value 52.0 5h.1 1351 739
Polymers (%) 0.62 0.47 084 1.04
Total Polar Materials (%) 7.9 7.84 389 5.20
Smoke Point (%) 214 216 217 219

The part-fried frozen French fries (oil content 5%) were fried for 4 minutes at 180°C in batch fryers. 70 batches were fried at regular
intervals over 5 days and the oil was kept hot for 8 hours per day.

Table 6.7 below gives the oil, polymer and total polar materials (TPM) content of the potatoes at the end of each day.

Table 6.7
Ol Absorption and Oxidation Products

0l Partly Hydrogenated
Uied m
Day il | Pobymer ymer

% % LY
T.96 104

o 5.18 062 5.19 0.47 TE4 | 509

585 | 519 084 511

1 14.15 235 1657 | 13.87 112 1585 | 1410 258 16.60 | 14.32 324 | 1800

2 14,40 - - 14,45 - - 1438 - - 14.56

3 15.3% 380 2418 | 1536 s 2439 | 15.00 421 | 2554 | 1719 | 655 | 1933

4 17.01 - - 1ot - - 16.89 - - 1915 -

] 18,67 514 | 3000 ) 1837 | 49 | 3021 1BEZ | 417 | 3031 |2122] RI9 3740

It was noted that under the experimental conditions used, all the oils had reached levels of total polar materials at the rejection point.



There is a clear linear relationship between the oil absorbed and the content of total polar materials, as shown in Figure 6.1. The results are
of general interest since the increased fat uptake, even at moderate levels of polar materials, would have some effect on product quality.

Figure 6.1
04l Content of French Fries and Total Polar Materials of Frying Ohl
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A direct comparison in the batch frying of potato crisps in palm olein and in high oleic sunflower oil was carried out over 5 days. Both oils
gave satisfactory performance, with insignificant differences in analyses for total polar materials, polymers, free fatty acids and smoke point
at the end of 5 days (6). This conclusion is in agreement with the results reported by Appelquist for a continuous industrial frying operation
(see Chapter 5).

Crisps were packed in standard metallised bag and stored at room temperature. Tasting tests and analyses were carried out at
intervals. After 16 weeks no off-flavours or rancidity were detected and the general quality was considered acceptable by the taste panel.
Peroxide levels (4 meg/kg) and free fatty acids (0.4%) were not significantly different at the end of storage.

A comparison of frying potatoes in corn oil, soya bean oil and palm olein purchased in a local supermarket (Kuala Lumpur) was
carried out in collaboration with the local Agricultural University (7). Three batches of each oil were used for intermittent frying of 2-mm
potato slices at 180°C, 10 fryings per day over 10 days. Oil was kept hot for 5 hours per day. Analysis showed that total polar materials in
two out of the three batches of soya bean oil and corn oil exceeded 25% after 3 days use, while the palm olein batches lasted 4 days under
the rather severe oxidising conditions. Palm olein contained no added antioxidant, soya bean oil contained BHA and the corn oil contained
TBHQ. The polymer content was also lower in the palm olein than the other oils. It was also observed that a sticky deposit formed on the
fryer with corn and soya bean oils and there was more persistent foam formation. Used soya bean oil gave off-odours when heating up for
reuse.

It was concluded that palm olein showed greater staying power and would be more economical in use.

A comparison was carried out between continuous production and batch frying of potato crisps in palm olein (8). The continuous
fryer held 2 tonnes of oil and produced 4 tonnes of crisps in an 8-hour day, and oil was discarded if the free fatty acids content reached
0.5%. The batch fryer was also operated for 8 hours per day, dur-ing which 45 batches of potato slices were fried for 4 minutes at 180°C.

Oil was replen-ished with about 30% fresh oil at the end of the day.

The results are summarised in Tables 6.8 and 6.9.



Table 6.5

Changes in Total Polar Materials and Pu'l}m:r L"Fumpnum]s l]l.l.rillg Induserial

and Batch Frying of Potato Crisps
Frying Time Total Polar Materials (%) Polymer Compounds (%)
e T TN e T
0 5.9 .0 < .5 <{.5
B 8.1 11.3 12 1A
16 9.5 1314 1.6 2.0
24 a2 12.7 1.4 2.4
32 a7 140 15 213
40 101 ifl]"l!‘.j: Ssti;:rpeﬂ} 19 ifrp::gz:uppcﬂ,*
79 11.0 1.7
119 9.8 1B
158 104 1.9
197 10.2 24
236 9.9 19
276 0.3 1.4
s 100 18
1800 110 21

Tahble 6.9
Changes in Total Tocopherols and Tocotrienols and Induetion Period during
Industrial and Batch Frying of Potato Crisps

3 87 505 228 19.0
16 540 2022
24 551 323 21.4 16.8
32 545 210 20.8 123
40 356 {1':,-;.1;: E-.Lr.?mi] 210 [1':1,:_”;-::;:11“1}
79 519 196
119 533 223
158 540 2.1
197 520 21.8
236 529 200
276 530 210
316 548 225
1900 527 229

The batch frying operation was stopped when the oil had reached the discard limit for free fatty acids. At this point the total polar materials
and polymers were well below the accepted rejection limits. The tocopherols and induction period had fallen, and would soon reach
unacceptably low levels if the oil continued in use. In contrast, all these characteristics were at a stable and satisfactory level in the
continuous operation, as was the free fatty acid content (0.24%). This was due to the high turnover (8-10 hours) of the operation. The oil
was clearly suitable for continued use.

Collaborative Studies with other Research Institutes

Studies of the behaviour of rice bran oil and double fractionated (super) palm olein were carried out together with the Korean Advanced
Institute of Science and Technology (9). Firstly, the effects of heating at 180°C were examined. Oil was heated in a batch fryer without
agitation and samples were withdrawn for analysis at intervals, without affecting the surface area exposed.

The results obtained are shown in Table 6.10.




Table &.10
Chemical and Physical Changes due to Heating

Rice Bran (4l
0 0.17 0.23
Fres Fatey Acids (%)
S0 S 1.30
) 0 224 211
Smoke Point (7C)
50 198 191
Caolour 0 43 i1
{Lovibond Red in 5947 Cell) 50 T80 121
0 a0 30
Yellow Caolour
50 a0 25
0 102.5 62
lodine Value
50 23 53
Loss of Unsaturated Acids (%) 50 19.8 1.1

The increase in free fatty acids was greater in palm olein than in rice bran oil, but other characteristics changed more in the rice bran oil.

The flavour stability of the two oils and their blends was also evaluated (10). The samples were stored in sealed serum bottles at
60°C in the dark and headspace analysis was carried out by gas chromatography. The formation of volatiles and the evolution of hydrogen
over time are shown in Figures 6.2 and 6.3 below.

Figure 6.2
Effect of Storage Time on Formation of Volatile Compounds in Headspace of Oils
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Figure 6.3
Effect of Storage Time on Hydrogen Content in Headspace of Oils
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The main volatiles formed from lipid oxidation were butane, pentane, propanal and hexanal. According to E.N. Frankel, a well-known
authority on autoxidation, flavour quality showed a very good inverse correlation with the content of total volatile compounds. Hydrogen
was released from the carboxyl groups of fatty acids during the early stage of autoxidation.

The induction period of the oils was measured by Rancimat at 130°C. For superolein it decreased from 6.6 hours to 3.8 in 20-day
storage and for rice bran oil from 2.6 to 2.0 hours, with the blends giving intermediate results. The overall conclusion was that superolein
had higher flavour stability than rice bran oil, and in the blends the superolein imparted greater flavour stability on the rice bran oil
proportionally.

Another study initiated at the request of South Korean users concerned the manufacture of instant noodles. The instant noodle
process is described later in Chapter 7. The request was for a frying medium that was cheaper than palm oil. It was decided to investigate
blends of palm oil with palm stearin. In the study, fresh steamed noodles were obtained from a local manufacturer and immediately fried in
a batch fryer. Palm oil and blends with 30-60% of palm stearin were used. The stearin had a melting point of 44.2°C and iodine value of
47.6. After frying at 132°C the noodles were packed.

The packed noodles were then cooked in boiling water for 3 minutes and submitted to a trained taste panel in triangle tests. They
were tasted while hot, as would be the case in normal consumption.

The results showed that noodles fried in blends containing 50% stearin or less were not significantly different from those fried in
palm oil and storage tests indicated a minimum shelf life of 4 months.

Melting point and solid fat content of the oil were considered to be the important factors for palatability. Table 6.11 gives the
relevant data for commercial oil and for the blends used.

Table 6.11
Solid Fat Content of (4ls for Neodle Frying

Salid Fut Content
{by Wuclear Magnetic Reasonance (NMR))

0c [ a0c [ 3¢ [ [ s [ we [ 5<
15.7 95 £.3 1.0

Commerneial Frving oil 313 33.6 231

Palm ail (PN 6.1 33.3 23.0 160 a8 6.9 1.1

POVPOS 70:30 39.5 360 8.7 0.9 13.1 8.5 3.9 4,1
POVPONS 30:50 40,7 8.6 32.4 238 165 119 E.0 5.9
POYPOS 40060 41,5 39,0 34.0 4.7 17.4 11.4 9,5 2

Palm Stearin (P05} 44.1 3.9 3949 8.7 Il 16.5 12.5 a9




It was concluded that any blend of oils with characteristics similar to those of the 50:50 POS:PO blend in the table would be satisfactory.
Since the characteristics of commercial palm stearin vary over a range (11), the proportion of stearin to be used should be decided on the
basis of the solid content profile of the blend.

A collaborative study was carried out with the Tubitak Marmara Research Centre in Turkey. The study had two objectives; firstly, to
compare the behaviour in the frying of palm olein (iodine value 60) with locally produced olive, sunflower and soya bean oils, and secondly
to examine the behaviour of blends with palm olein suitable for the retail market in Turkey.

14 batches of potatoes/day were fried over 8 hours per day for a total of 5 days. 11 analytical tests were applied, and the results are
shown qualitatively in Table 6.12.

Table 6.12

Summary of Results of Used Oil Analyses
Test Onder of Performance (best oil first)

— 1 ]

Colowr (Lovibond Red in 337 Cell) SR SF0) PO = [s]8)
Free Fatty Acids SRO SFO PO oo
Smoke Point 5O SFO Pin [aln]
Foam Ieight Fa 0 SB0 SFO
18:2 &18:3 Reduction OO = SROY = SFQ aF0
Tadine Value Reduction 00 = Tiog SBO SFO
Peroxide Value m m SFO P
Anisidine Value 00 = Tig 510 SRO
Totox o0 Plg SFO = SR
Palymers POa 00 5BO SEO
Total Polar Materials Fia o0 SRO) = SFO

POl = Palm oletn, CH=0ve o, 5FO) = Sunflower oil, SBOY = Soya bean ol
00 very different from the others

= approximately equal

The monounsaturated oils showed superior performance in five of the most significant tests i.e. total polar materials, polymers, foam
height, iodine and anisidine values. (12)

A series of blending experiments were carried out with palm oleins of iodine value 58, 60 and 62 and local soya bean and sunflower
oils (13). Blends containing 20% of palm olein (1V60) had the required physical stability. They remained clear indefinitely at 10°C and
would therefore be suitable for retail sale in Turkey. Blends with higher proportions of palm olein crystallised during storage at 10°C. In
frying tests these 20% palm olein blends showed improved performance compared with the oils at 100%. There were lower increases in
polymers and total polar materials, lower anisidine values and a smaller drop in iodine value.

A joint project with scientists at CSIR Pretoria, South Africa had the objective of comparing: blend (A) of sunflower oil and corn
0il (90:10); and with blend (B) of sunflower oil and palm olein (30:70) in the preparation of part-fried French fries before freezing. The

trials were carried out in normal production runs on a factory scale.

The results of some of the analyses are shown in Figures 6.4 to 6.7 below (14).



I".IEUTE 6‘4
Free Fatty Acids (FFA) Changes during Industrial Frying of French Fries
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Dielectric Constant (IDC) Unit Changes during Industrial Frying of French Fries
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Free fatty acids increased more slowly with blend B, as did the total polar materials and the dielectric constant measured by FOS.

The total polar materials figure for blend B started at a higher level, due to its content of 70% palm olein, containing diglycerides.
However, the subsequent increase was much slower. The tocopherol content remained rather stable in both blends at a satisfactory level.

Colour measurements were also made. Initially blend B was appreciably darker, but colour increased more slowly, and after about
80 hours frying, the difference was not significant. On the basis of the chemical changes it was concluded that blend B performed better.
However, it had another important advantage in this particular product. Before entering the freezer, the oil on the surface of the French
fries must be progressively solidified, otherwise the French fries stick together in a lump. Due to the solid fat content of the palm olein,
blend B solidified more quickly raising the capacity of the pre-cooler. As a result, productivity could be increased by about 30%.

The manufacture and characteristics of red palm olein are described in Chapter 1. Its applications in food preparation have been
investigated (15). When submitted to a trained taste panel the oil was characterised as bland in flavour and of very good quality, superior to
unrefined oil prepared from fresh fruit in the laboratory. Its use in stir-fried foods, curries and satay sauce imparts a bright reddish
colouring that was judged more attractive than refined oil. French fries had an attractive golden colour.

Red palm olein is now being used by some European manufacturers in the industrial frying of premium quality potato crisps
principally to obtain the improved colour. Since carotenoids are gradually destroyed at frying temperatures, the red palm oil is used as an
additive to the main frying oil, and an appropriate concentration is maintained by continuous addition. The use of red palm oil has the
benefit of increasing the carotenoid intake, nutritionally beneficial as pro-vitamin A and as a biological antioxidant, since 3-carotene acts as
a singlet oxygen quencher.

Pilot Scale Continuous Fryer

Many of the frying trials reviewed in Chapters 5 and 6 were carried out in batch fryers, under conditions similar to those used in fast food
outlets and restaurant kitchens. The conditions obtained in large commercial fryers are different and therefore the conclusions from batch
experiments must be applied to continuous operations with caution. On the other hand, carrying out experimental work in a commercial
plant is expensive and may be difficult to schedule. The Malaysian Palm Qil Board therefore decided to specify and commission the
construction of a pilot scale continuous fryer. This would enable investigations of direct relevance to be carried out for manufacturers. The
plant was built by Heat and Control Ltd. of Australia. Some data for the thermal properties of palm olein was required for the engineering
design. Results for the thermal conductivity are given in Table 6.13, and results for specific heat over a range of temperatures are given in
Table 6.14, where they are compared with figures for soya bean oil, from Bailey’s Industrial Oil and Fat Products.



Talile 6,13
Thermal Conductivity of Palm (ein

Temperatare W/mK

0 Palm Olein

20 0.1535

30 0.1527

40 0.1520

50 0.1513

| 0.1506

70 0.1499

&0 0.1491

a0 0.1484
100 01477
110 0,140
120 0.1483
130 0.1455
140 0.144E

Table 6.14
0 g1t Specific Heat of Palm Olein and Soya bean Oil
150 01434
- Temperature kifkg/"C
170 0.1424 (=) Palsa Olein* Saya bean 04l
180 0.141% 100 2177 2127
190 01412 123 2252 2214
150 2323 2.260
200 01405 -
173 2386 2340
410 0.13%8 200 2449 2486
220 0.1390 225 2553 2543
Source: Hear and Control Ltd. Auseralia Source: Heat and Control Led. Australia

The pilot plant has now been installed and commissioned. A detailed description of the plant and the results of a performance test are
given below (16).

Pilot Scale Continuous Fryer - Detailed Description of Plant

Fresh Oil Tank (1a)

The cylindrical storage tank is made of stainless steel with a v-shaped bottom. It holds about 400 litres of fresh oil with minimum air
headspace. The frying oil is unloaded by pumping from IBC tank (1,000 litres capacity, under nitrogen protection) via a stainless steel
discharge pipe which extends close to the bottom; thus, minimising splashing during filling. It is also equipped with a heating element
(located close to the bottom) and thermostat to heat the oil if solidification took place and also for use during detergent cleaning of the
tank.

Used Oil Tank (1b)

The Used Oil Tank is constructed from the same material and similar in design to the Fresh Oil Tank except its capacity is about half, i.e.
200 litres, for overnight and weekend storage of used oil. At the end of the day’s operation, the used oil (from the fryer, cooled down to
around 100°C) is pumped back via a stainless steel pipe, filter basket (filter cloth, 100 micron) and stainless steel discharge pipe which
extends close to the bottom to minimise splashing. During next day’s operation the used oil is returned to the fryer by gravitational action,
such that only oil above the v-shaped bottom is transferred. Usually small amount of fresh oil from the Fresh Oil Tank is added to fill-up
the oil level in the fryer during the start-up. As the frying progresses, fresh oil from the Fresh Oil Tank is automatically and continuously
added to compensate the oil loss during use.

Main Control Panel (2)

The Main Control Panel automatically controls processing steps such as slicing, washing/conditioning, frying temperatures, oil level,
filtration and addition of fresh oil and seasoning/flavouring. The temperature profile during heating and active frying can be monitored via
display indicator and recorded in a diskette. A sub-control panel is used for controlling an inclined conveyor to transfer/convey fresh
unpeeled potatoes to a batch hopper, peeler and inspection conveyor.



Loading (3)
Loading of the fresh unpeeled potatoes from storage is done manually by a processing operator onto the horizontal conveyor.

Horizontal & Inclined Conveyor (4)
The Horizontal and Inclined Conveyor is used to transfer fresh unpeeled potatoes from storage to a batch hopper. Each has a control unit
that can be used to vary the speed of the conveyor belt according to production throughput.

Inclined Conveyor (5)
The Inclined Conveyor is used to convey fresh unpeeled potatoes from batch hopper to Hobart Peeler Unit. The speed is controlled by the
sub-control panel.

Hobart Peeler Unit (6)
The Hobart Peeler Unit is a semi-automatic unit equipped with a hopper and the peeling time can be varied by the sub-control panel.
Potatoes are automatically peeled by an abrasive mechanism in this unit.

Inspection Table (7)
After peeling is completed, a processing operator will open the hatch of the Hobart Peeler Unit, allowing the peeled potatoes to be
conveyed over the Inspection Table/sorter into a batch hopper.

Inclined Conveyor (8)
The Inclined Conveyor is used to continuously convey peeled potatoes from the batch hopper to the Knott Slicer unit. The speed of the
conveyor is controlled by the Main Control Panel.

Knott Slicer & Conditioner (9)

Peeled potatoes are automatically sliced, either straight-cut or wavy-cut, in the Knott Slicer unit. The potato slices are carried by water
flume into the Conditioner unit. Conditioning/washing of potato slices is done with clean tap water to reduce starch content from the
potato slices and minimise sticking during frying.

Air Blower (10)
The Air Blower unit is used to drain water from the surface of potato slices as these slices are continuously conveyed to fryer.

Fryer (11)

After passing the Air Blower unit the potato slices are taken on a stainless steel wiremesh conveyor into the hot frying oil (180°C). The
Main Control Panel can vary the speed of the conveyor. The total oil volume in the Fryer, including connecting pipes and piping of the
heating element, is about 200 litres. During frying the oil is continuously circulated through a wire-mesh filter box (200 micron) and the
heating element and back to the Fryer.

Seasoning Unit (12)

After frying is completed, potato crisps (usually with moisture content around 1.5%) are conveyed by stainless steel wire-mesh conveyor to
an inspection table/sorter and transferred to the tumble drum of the Seasoning Unit. Dried seasoning such as salt, cheese, chilli powder
etc. is sprayed/dusted (the amount of which can be controlled) as the potato crisps enter the tumble drum. After coming out of the tumble
drum, the seasoned potato crisps are carried by an inclined conveyor to the Weighing and Packaging Unit.

Weighing and Packaging Unit (13)

The Weighing and Packaging Unit is an automatic vertical form-fill seal system. Seasoned potato crisps are discharged from the inclined
conveyor into a dual weighing channel. Each channel can weigh about 60 grams of potato crisps and operates one after another
continuously. The potato crisps are then introduced into metallised film packaging, and can either be nitrogen packed or air packed.

Rotary Table (14)
The Rotary Table acts as temporary holding stage for the packed potato crisps as they are discharged and conveyed from the Weighing and

Packaging Unit. When sufficient packs have accumulated, they are manually transferred to paper box for storage.

Illustrations of the pilot plant are given in Figures 6.8, 6.9 and 6.10.



Figure 6.9
Slicer and Conditioner

Figure 6.10

Pilot Scale Continuous Fryer - Results of Performance Tests
These results in Table 6.15 indicate that the oil had reached a steady state condition at about 42 hours use, and continued to be in good
condition thereafter.

Table 6.15
Performanece Test of Continuons Fryer
FryingTime | FreeFatty | Peroxide Value Calour Rancimat
(hours) Acids (%) (meq/kg) (Lovibond Red in 5 %" Cell) | 110°C {howurs)

0 0.02 0.39 11 2
14 017 218 i1 14
28 012 3.20 5.1 16
42 025 373 6.5 15
56 022 258 7.0 15
70 019 2.05 6.9 16
B4 024 170 7.0 15




To demonstrate the effect of a reduced turnover rate on the quality of the frying oil in the pilot plant, it was run at full feed rate (50 kg/hr)
and at a reduced rate of 32 kg/hr, so that turnover rate of 8 hour and 14 hour were obtained.

A high quality palm olein with the following characteristics was used:

Iodine Value 56.8
Colour (Lovibond Bed in 5%" Cell) 11
Free Fatty Acids (%) 0.03
Peroadde Value (meq/fg) 0.1
Anisidine Value 0.87
Smoke Paint (°C) 226
Toral Tocolz (ppm) f20

Frying was carried out continuously for 8 hour/day over a 10-day period. Oil samples were taken at intervals and held at -21°C until
analysed.

The results are presented in Table 6.16.

Tuble 6.16
Analysis of Frying Ol Used at Different Throughput Rates

Smoke Point
(=C)

Otewnover | $hr | 14ne | she [ 1ahe | b | 14 | e |

/] 0.03 0.03 126 226 57 5.7 0.4 0.4
14 018 0.16 198 201 9.9 10.5 19 1.7
28 0.24 0.23 192 192 9.4 111 20 2.1
42 0.22 032 195 184 103 99 1.5 2.0
5h 0.25 019 192 180 10.3 12.4 1.7 23
A 0.22 - 195 - 9.7 - 1.9 -
81 0.24 - 192 - 101 - 1.3 -

It was clear that at 56 hours the oil with turnover rate of 8 hours had reached a steady state condition of quality, which was then
maintained. On the other hand, at a turnover rate of 14 hours, quality loss was continuing, and in particular the smoke point was
approaching unacceptable levels. This run was therefore stopped.

It may be noted that, in both runs the results for total polar materials and for polymers were at a satisfying level throughout.
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How Much Palm Oil Is Used In Frying

We have attempted to build up a worldwide picture of the amount of palm oil used for frying. Production, import and consumption
statistics are available for palm oil from Oil World (publisher ISTA, Mielke) for individual countries. Malaysian official bodies also publish
figures for individual palm oil products; palm olein being the one of principal interest for frying use.

For many countries, reliable estimates of usage in large scale frying have been obtained from industrial contacts and trade statistics
and checked with import data.

Estimates for restaurant use are based on trade information, while domestic use is calculated on the basis of known food habits,
and palm oil availability.

Large Scale Industrial Frying

a. Instant Noodles

Instant noodles are today one of the main fried food products worldwide, produced mainly in the Far East. They are a great success story
among convenience foods.

They were first developed and marketed in Japan in 1958 and large-scale continuous fryers were introduced in 1963. A flow
diagram of the production is shown in Figure 7.1. Cooking is firstly by steam to gelatinise the starch and then by frying.

Deep-frying of the noodles is an integral part of the production process. Frying serves three purposes: in this case, it reduces the
moisture of the product to a level at which microbiological growth is prevented, it imparts flavour and texture, and it improves the
nutritional content by incorporation of fat. Before consumption, the instant noodles are merely rehydrated by the addition of boiling water.
The choice of fat influences the stability and organoleptic quality of the product. Whereas initially the fat used in Japan and South Korea
was beef tallow or lard, this has now largely been replaced by palm oil. Sometimes a blend is used to impart the accustomed meaty flavour.
During frying, oil is absorbed into the noodle, resulting in a final fat content of 19-22%. The high stability of palm oil during frying and the
subsequent storage ensures an adequate shelf life.

An estimate of the usage of palm oil products for noodles in the main producing countries is given in Table 7.1.



Figure 7.1
Flow Driagram OF Instant Noodle Process

INGREDIENT MIX
Flour, Salt, Emulsifier etc.
-
[ DOUGH FORMATION ]
[ SHEETING & CUTTING ]
Table 7.1
- Palm (¥l in Instant MNooadles
i R
STEAM CHAMBER Country Estimated Tonnage
To gelatinise starch ]
\ J China 500,000
) - y Jagan 120,000
CONTINUOUS DEEP FEYER South Korea 100,000
Ol Bath: Temperature: 130-140°C
Tirne: 1-2 minutes Indonesia 160,000
b - g Taiwan 14,000
Thailand 29,000
[ Fried Noodles ar 3% moisture ]
Malaysia 7,000
-
Hong Kong 4,000
[ PACKAGING ] Singapore 4,000
- United Kingdom 3,000
[ STORAGEAND DISTRIBUTION ] Total 941,000

b. Potato Crisps and Other Starch-based Snack Foods

Potato crisps are now consumed and manufactured across the world, and palm oil or palm olein are very widely used, sometimes in a blend
with rapeseed or other liquid oil. For example, in the performance study of high oleic sunflower oil for frying crisps discussed in earlier
chapters, palm olein was used as the reference oil, being referred to as the “main oil” used in industry.

Estimates obtained from industrial sources are for the UK (105,000 tonnes), Netherlands (30,000 tonnes) and for one large
manufacturer in Belgium (12,000 tonnes). A calculation for the rest of the EU based on production data from the European Snack Foods
Assaociation is 228,000 tonnes, making a total of 375,000 tonnes.

c. French Fries
The preparation of raw potatoes for French fries is a time consuming and laborious business in the restaurant kitchen. Instead, most
restaurants and institutional caterers buy in part-fried frozen French fries, which then only need a short second frying before service.

Before freezing, the part-fried product is cooled in an air stream. At this point it is important that the oil on the surface of the
potatoes solidifies, otherwise the individual pieces stick together in a lump after freezing. For this reason oil that crystallises at room
temperature is used, and palm oil or a blend containing a small proportion of partly hydrogenated palm oil is widely used. From trade
statistics it has been calculated that the 15 countries of the EU use about 120,000 tonnes palm oil per annum.

The product is also widely used outside Western Europe, but no estimate has been attempted, due to lack of data.

Indian Subcontinent
The food processing industry in Bangladesh uses almost 105,000 tonnes palm olein. In Pakistan the corresponding figure is 80,000 tonnes.
No estimate could be obtained for India.

Africa
Large scale industrial frying is only established in Egypt and South Africa, using respectively, 25,000 and 60,000 tonnes annually. The main
products are potato based.



Middle East
Table 7.2 is based on import statistics for 2003 and industry sources of information.

Tahle 7.2
Palm Olein Usage in Middle East
Paln Oein Imports Palm Olein in Industrial Fryi
Country {tonnes) T
United Arab Emirates 225,000 30,000
Saudi Arabia 210,000 100,000
Oman 37,000 18,000
Jordan 27,000 12,000
Syia 21,000 2,000
Yernen 70,000 20,000
Turk:}' 152,000 715,000
Tastal 187,000

Motes: * Double fractionated palm olein (minimum iodine value 60) is preferred for snack food frying.
" Palm olein is used as 708 of 2 blend with other vegetable mls,

d. Restaurant and Domestic Use Europe

In the UK, 55,000 tonnes of palm oil is packed in boxes for use in restaurant frying. For some users a proportion of partly hydrogenated
palm oil is added. For the Netherlands 74,000 tonnes is estimated. When these figures are extrapolated to the EU as a whole, a total usage
of 642,000 tonnes is obtained. Considering the current EU annual imports of 3.3 million tonnes of palm oil products, this figure seems
conservative.

Indian sub-continent
In Bangladesh 205,000 tonnes of palm oil products are used, mainly as olein. The most important items are potato-based and deep-fried
pulse items, locally called chanachur and pianzoo, also dhal bhaja and deep-fried vegetables.

In Pakistan frying is mainly carried out with vanaspati, which has palm oil or partly hydrogenated palm olein as the main
component. A conservative estimate of usage of palm oil is 200,000 tonnes.

Malaysia
40,000 tonnes of palm oil products are used in fast food restaurants.

Africa

Many countries in Africa are vegetable oil producers. Palm oil is produced in Ghana, Nigeria and their neighbours, while elsewhere oil
seeds are grown. However, production is insufficient and both palm oil and palm olein are widely imported. The olein is used for restaurant
and domestic frying and the quantities used are shown in Table 7.3.

When these figures are examined in relation to the populations, it is notable that, for example, Benin (7 million people) and Togo (5
million) import much larger quantities than Nigeria (123 million). The Nigerian government restricts direct imports of palm oil products
and periodically imposes a total ban. In consequence, a consider-able cross border trade has developed with neighbouring countries to
satisfy consumer demands.



Table 7.3
Palm Olein Imports in Africa for Domestic and Industrial Frying

Egypt 220,000
Algeria 93,000
Tunisia &, 000
Sudan 29,000
Kenya 1,600
Tanzania 22,400
Mozambique 11,000
Mauritania 22,000
Guines 4,800
Nigeria 13,300
Ghana 33,600
Benin 30,000
Togo 43,500
South Africa 24,300
Total 570,500

There are important gaps in the information we have been able to obtain. In particular, we have nothing on Indian usage, although it
imports nearly 1 million tonnes of palm olein. We have no specific information on domestic and restaurant usage in China, India or Japan,
with large populations. However, we know from their food customs that fried foods are very popular. To form a conservative estimate we
have taken their palm olein imports, subtracted the industrial usage as in Table 7.1, and assumed that one half of this total is used in this
way. This amounts to 900,000 tonnes. A grand total is arrived at below.

Table 7.4

Total of Estimated Palm il Usage for Frying
Industrial uss 1,893,000
Domestic and restavrant use
Africa 576,500
Europe * 642,000
Bangladesh 205,000
Pakistan 200,000
Malaysia 40,000
China, India, Japan 900,000
Total 4,456,500

Note: * This figure does not include domestic usage. Palm olein is not retailed in Europe. Palm oil is a major component of cooking fats, but no estimate has been
attempted.

The USA has been omitted from our analysis. Although a major producer of fried snack foods and of fried products from fast food
restaurants, the USA is using only small quantities of palm oil products for food. This was not always the case. In the 1980s, at a time when
world palm oil availability was still relatively small, the USA was a major consumer, particularly for frying of potato products. However in
1986 a widespread advertising and political campaign was launched against "tropical oils”, primarily on grounds of trade rivalry, though
based on unjustified claims of nutritional harm. While the political attack was not supported by the United States government, the adverse
publicity forced manufacturers concerned about public perception of their products to abandon the use of palm oil. In consequence, the
industry has used soya bean oil and other oils in a partly hydrogenated form for frying. While these products usually have adequate stability
for high temperature use, they contain high levels of trans fatty acids, now recognised as nutritionally less desirable than saturated acids. It
is now the United States government policy to reduce the trans fatty acid content of foods, and labelling regulations have been
strengthened to inform the consumer. Furthermore, a Washington-based consumerist group, the Centre for Science in the Public Interest,
has started lobbying against trans fatty acids in food. (It may be of interest that it was this group that was vociferously opposed to “tropical
0ils” in 1986-7)



In consequence, some use of palm oil products is now returning in the USA. At present, this is mainly in blended shortenings for bakery
and similar products, but the future may see a return of palm oil usage for industrial frying.

Conclusion

The survey presented in Chapter 7 is admittedly incomplete for lack of data. Nevertheless it demonstrates the worldwide usage of palm oil
in very substantial quantity for frying. The other chapters collect published evidence from scientists in many countries of the satisfactory
performance of palm oil products and provide technical information to enable further growth in its use.



