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Super-oxidized soups and the health
risks to poor South Africans

JL.F. Kock*, CH.Pohl* and A.Venter*

regularly ingest large quantities of

highly oxidized abused fats alse known
as super-oxidized soups ($OS). These in-
crease the level of oxidized lipids in human
plasma and may result in additional stress on
endogenous anti-oxidative agents, which, in
turn, can reduce the immune system’s ability
to fight viral attack. Re-used fats and 508
smoke more easily than new, unused fats
when heated, and the number of meals cooked
by deep-frying and the frequency of smoki-
ness during cooking has, in studies on
Chinese women, been associated with the risk
of contracting lung cancer. Extensive animal
studies have shown that ingesting oxidized
fats can cause oxidative stress and a variety
of diseases. We recommend South African
studies, therefore, to assess the risks to
exposed local communities, especially in
relation to HIV/AIDS and cancer.

PDDR COMMUNITIES IN SOUTH AFRICA

Introduction

The poor health, especially related to
HIV/AIDS,' of many South Africans
makes it imperative to minimize exposure
to harmful substances. Of concern is the
widespread practice by frying establish-
ments of distributing such substances to
poor South African communities in the
form of large quantities of heavily oxi-
dized edible fat waste (called super-
oxidized soups or 50S). More than
100 000 tons of unstable oxidized fats and
505 (the highest levels ever recorded) is
estimated to be consumed annually by
these communities.

As the global demand for fast foods’
and, consequently, for vegetable fats
increased (especially since the early
1980s),* so did the amounts of oxidized
unstable used fat and SOS distributed to
impoverished Scuth Africans. In a first
survey of its kind that we conducted in
this country in 1994, we found that most
frying establishments habitually distrib-
uted their unstable, used, and often SOS
waste to the poor for re-use in frying
food.** (This fat waste contrasts with the
high-quality frying fats used in devel-
oped countries.) Such establishments
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were ignorant of the health-related
dangers,” as there were no regulations or
available information about fat abuse in
the country before 1995

This widespread malpractice and the
resulting dark, overused unstable fats
nicknamed ‘fish oils’ (due to their fish-like
taste deriving from repeated frying of
fish) — became part of everyday life for
the poor. The health risk is not limited to
people ingesting food that has been fried
in these unstable fats bui may also com-
promise the health of those who inhale
volatile, potentially harmful compounds
readily liberated from these fats when
heated.

By 1994, many countries had regula-
tions in force to ensure that fats remain
free of these potentially harmful products.
They prohibited the use of fats containing
around 25% total breakdown products
{also known as polar compounds) or 16%
pelymers (that is, more or less equivalent
to 25% total breakdown products). No
such regulations existed at that time,
however, in any African country*’

This situation changed when South
Africa introduced regulations on 16
August 1996, but extensive surveys
conducted by our team show that many
frying establishments still use SOS in

t frying processes, and unstable fats,

frequently containing breakdown prod-
ucts far above the regulatory limits, are
still being distributed by these businesses

to the uninformed poor for re-use in food
. tion of oxidized breakdown compounds,

preparation.’

The literature reveals that some South
African frying establishments abuse fats
up to levels unheard of elsewhere in the
world,” and that their products can
contain as much as 75% polymers. (This
figure contrasts dramatically with 1396
survey results from northeastern Austra-
lia, in which Somerset ¢t al. highlight two
samples containing what were regarded
as unacceptably high levels of 26.6% and
28.7% total breakdown compounds.'®*?)

Fat breakdown

New unused fats contain mainly
triacylglycerols {(approximately 98%).
When heated, the fats start to break
down, producing free fatty acids, diacyl-
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ghycerols, and monoacylglycerols. When
the fats are re-heated, these compounds
break down further, mainly through
thermal oxidation,”* to produce large
amounts of hydroperoxides that are
eventually transformed into polymers,
characteristic of S508S. Polymers are pro-
duced through intra- and intermolecular
reactions of alkoxyl-, alkyl- and peroxyl
radicals, leading to the formation of
dimers, trimers, and polymers of high
molecular weight. Free radical reactions
may be accelerated and propagated
further via chain-branching or homolytic
fission of hydroperoxides to generate
more free radicals. By combining radicals
to form non-radical dimers or polymers,
the free radical chain reaction is termi-
nated. It can also be terminated by
anti-oxidants such as vitamin E (tocoph-
erols), which react competitively with
peroxy radicals, for example, to remove
free radicals from the reaction. Conse-
quently, SOS, where large amounts of
polymers are produced, are normally
characterized by high free radical activi-
ties.

When fats are re-used for frying, more
breakdown products are formed, some of
which may be harmful when consumed
or inhaled. They not only influence the
organoleptic character of fried foods, but
may cause fats containing these com-
pounds to smoke more easily at lower
temperatures, thereby exposing people to
volatile breakdown compounds such as
aldehydes, ketones, alcohols, hydrocar-
bons, lactones, and substituted furans.
The principal volatile constituents identi-
fied in frying fats derive from the decom-
position of lipid oxidation products and
inciude 1-pentanol, hexanal, furfuryl al-
cohol, trans-2-heptenal, 5-methylfurfural,
1-octen-3-ol, octanal, 2-pentylfuran,
trans-2-nonenal and hexadecanoic acid.”
Prolonged heating accelerates the produc-

resulting not only in the formation of
potentially unhealthy volatile chemicals,
but also in a greater absorption of the
deteriorated fried fat by the fried food.*

Public health implications

Animal studies. The biological and toxi-
cological properties of oxidized fats have
been studied extensively, and there is
general agreement that undesirable or
harmful materials are formed during the
abuse of fats.”#41* Most research has been
performed on animals, however, and
shows experimental subjects to be resis-
tant to the adverse effects of fats that
have been heated under conditions that
approximate human culinary practices,
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that is, containing less than 16% poly-
mers. Extensive thermally oxidized fats or
isolated fractions containing oxidation
and degradation products have caused
adverse biological effects in laboratory
animals, however, including growth
retardation, diarrhoea, teratogenicity,
tissue damage and increased mass of liver
and kidneys, cellular damage to the testes
and epididymides, increased peroxi-
dation of membrane and tissue lipids,
induction of cytochrome P-450 activi-
ties in the liver and colon, enhanced
urine mutagenicity, raised cell prolifera-
tion in the oesophagus, and even death.
Hageman et al."* concluded that short-
term consumption of heated deep-frying
fats containing as little as 15% of break-
down products can cause increased cell
proliferation in the gastrointestinal tract
and induce oxidative stress (in particular
the depletion of anti-oxidant agents such
as vitamin E™), In these studies, the deteri-
orated fats used were far less degraded
than those commenly found at South
African frying establishments, where fats
can be abused till they contain some 75%
of free-radical-induced polymers.

Human studies. Although there is little in
the literature that describes the effects of
thermally oxidized fats on humans,
studies have been conducted on the influ-
ence of mildly thermally oxidized fats
when ingested and inhaled by people.
When thermally oxidized soya bean oil
(peroxide value 4.8 mEqg/kg oil) was fed
orally to men aged 25 to 38 years," the
level of lipid peroxides in human plasma
increased within four hours, thereby
adding to their oxidative stress levels. No
such increases were observed after
the intake of fresh oil (peroxide value
1.6 mEqg/kg oil). Results from various
experiments suggest that chronic oxida-
tive stress can affect the immune system'’s
fight against HIV.Y

A study, conducted by the Shanghai
.Cancer Institute in collaboration with the
US National Cancer Institute,'” was based
on interviews with 672 female lung
cancer patients and 735 controls, and
investigated the high rates of lung cancer
among Shanghai women. Associations
were found between lung cancer and
measures of exposure to cooking oil
vapour. Risks increased with: the numbers
of meals cooked by stir-frying or deep-
frying; the presence of smokiness during
cooking; and the frequency of eye irrita-
tion during cooking. A similar study,
which included interviews with 965
female patients and 959 controls in the
industrial cities of Shenyang and Harbin,
also found that the number of deep-fried

meals consumed and the incidence of
smokiness during cooking were associ-
ated with a higher than normal risk of
lung cancer.” .

The future

Since 1995, in collaboration with our
group, the Department of Health as well
as industry are actively addressing the
problem countrywide,” but more invest-
ment from government and the private
sector is required, to effect a change of
culture in poor communities accustomed
to frying with “fish oil". The consumption
of used oils should be stopped immedi-
ately through increased policing of frying
establishments and improved public
awareness campaigns.

Urgent epidemiological studies are
needed throughout sub-Saharan Africa to
investigate possible links between SOS
exposure over extended periods of time
and disease, oxidative stress, and the
progression of HIV/AIDS and afflictions
such as tuberculosis. The database (obtain-
able from the authors) and expertise
developed in South Africa since 1994 can
be used to benchmark such a study.

1. UNAIDS (2001). AIDS epidemic update.
Http//www.unaids.org/

2. INERA (2002). 2002 Restaurant industry forecast.
Http://www.restaurant org/research/forecast_
overview.cfm

3. Shukla VK.5. (1994), Present and future outlook of
the world fats and oil supplies. ¥n Techrological

Advances in Improved and Alternative Sources of !

Lipids, eds B.5. Kamel and Y. Kakuda, pp. 1-15.
Blackie Academic and Professional, London,

4. Anelich L.ECM. (2001). The abuse of food vils and
the biotransformation of these oils to high value lipids
utilizing fungi. Ph.D. thesis, University of the Free
State, Bloemnfontein,

5. Kock].LE, Botha A., Bloch §, and Nigam § {1996).
Used cooking oil: science tackles a potential
health hazard. 5. Afr. J. Sei. 92, 513-514.

6. Anelich LECM, Kock J.L.E, Roux M.P, Botha A.,

South African Joumnal of Science 98, September/October 2002

10.

11.

| 12

13

14,

15.

16.

17.

18

© 19,

News & Views

Bezuidenhout S.M., Ceetzee I).]. and Venter P
{2001). The quality of used frying fats in South
Africa. §. Afr |. Sci. 97, 289-290.

Chow CK and Gupta MK (1994). Treatment,
oxidation and health aspects of fats and oils. In
Technologica!l Advances in Improved and Allernative
Sources of Lipids, eds B.S. Kamel and Y. Kakuda,
pp. 329-359. Blackie Academic and Professional,
London.

Firestone D., Stier RE and Blumenthal M.M.
{1991). Regulatien of frying fats and oils. Food
Technotogy. (February), 90-94.

Firestone D. (1996). Regulation of frying fat and
oit. In Deep Frying — Chemistry, Nutrition and
Practical Applications, éds E.G. Perkins and M.D.
Erickson, pp. 323-334. ADCS Press, Champaign,
Mlinois.

Kock].L.E, Groenewald P and Coetzee I1J. (1999).
Red-alert for the SA edible oil industry. Maize
{December), 46-47.

Kock J.L.E, Botha A. and Jeffery ). (1997). Fryer oil
initiative for SA: restaurant waste oils now
available in 5.A. for anitnal feeds. AFMA MATRIX
{June), 23-25,

Somerset 5., Jones L., Gore W, Douglas N. and
Gartner T, (1996). Quality and safety aspects of
deep fryer ails in takeaway food outlets. Proc.
Austratian Institute of Food Science and Technology,
20k Convention. Food Australia 48, 12.

Franke] E.N. (1998). Lipid Oxidation. The Oily
Press, Dundee.

Hageman G., Verhagen H., Schutte B. and
Kleinjans J. (1951). Biclogical effects of short-term
feeding to rats of repeatedly used deep-frying fats
in relation to fat mutagen content. Fd Cheny. Toxic.
29(10), 689498,

Marquez-Ruiz G. and Dobarganes M.C. (1996).
Nutriticnal and physiclogical effects of used
frying fats. In Deep Frying — Chemistry, Nutrition
and Practical Applications, eds E.G. Perkins and
M.D. Erickson, pp. 160-182. AOCS Press, Cham-
paign, Illinois.

Naruszewicz M., Wozny E., Mirkiewicz E.,
Nowicka G. and Szostak WB. (1987). The effect of
thermally exidized soy bean il on metabolism of
chylomicrons. Atherosclerosis 66, 45-53.

CATIE {1997). HIV and antioxidants. Hitp://www.
aegis.com/pubs/catie/1997/CATE7704. himl

Gao Y-T, Blot W]., Zheng W,, Ershow A.G., Hsu
C.W, Levin LI, Zhang R. and Fraumeni J.E
{1987). Lung cancer among Chinese women. Int. |,
Cancer. 40, 604609,

Wu-Williams A.H., Dai X.D, Blot W, Xu Z.Y,, Sun
X.W, Xiao H.I, Stone BJ,, Yu SE, Feng Y.,
Ershow A.G., Sun ], Fraumeni ].F. and Henderson
B.E. {1990). Lung cancer among women in
Northeast China. Br. |, Cancer 62, 982-987,

New Book
Adaptive Herbivore Ecology

Froem Resources to Populations in Yariable Envirenmenty
Hormal Owen-Smith

Centre for African Ecology, University of the Witwatersrand
This book links the principles of adaptive behaviour to their consequences for
population dynamics and community ecology, through the application of a
metaphysiological modelling approach. The main focus is on large mammalian
herbivores occupying seasonally variable environments such as those character-
ized by African savannas, but applications to temperate zone ungulates are also.
included. The text is aimed particularly at academic researchers and praduate

students in the field of ecology.
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