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INTRODUCTION

eep-fried foods and especially fried potatoes and cod
D are becoming more and more popular in Greece.
Deep-frying is a very important method of cooking in
the food services industry. It is estimated that nearly one-half
of all lunch and diner food orders in commercial restaurants
include one or more deep-frying items [1).

During deep-frying the oil is exposed to elevated tempera-
tures in the presence of air and moisture. A number of chemi-
cal reactions including oxidation and hydrolysis, occur during
this time as do changes due to thermal decomposition {2].

Chang et al. [3] and Landers et al. [4] have reported that
the chemical reactions taking place during deep oil frying differ
from those which occur when the oil is heated continuously,
thus reactions oceurring in studies conducted with oils heat-
ed in the presence of air, with or without agitation, may not
be representative of those of the same oils used under nor-
mal intermittent frying conditions. The decomposition products
formed during frying can be divided into two broad classes:
volatile and non-volatile products. Volatile decomposition
products have been shown to be retained in the fried food an
also inhaled by the deep-frying operator and could thus have
an effect on the health of these individuals [3].

The formation of non-volatile decomposition products is due
largely 1o the thermal oxidation and polymerisation of the un-
saturated fatty acids present in the frying medium and is of
concern since these products not only remain in the frying oil
to prevent further degradation but are also absorbed by the
fried food and hence consumed [2).

Investigations of commercial frying have generally indicat-
ed that these oils have no deleterious effects upon human
health [, 10].

MATERIAL AND METHODS

Vegetabie oils

The oil from whole seeds (shell plus kernel) of Moringa
oleifera local varigty of Blantyre area of Malawi was produced

MODIFICAZION! NELLA QUALITA DELL'OLIO DI SEMI DI MORINGA OLEIFERA,
VARIETA BLANTYRE, DURANTE IL PROCESSO DI FRITTURA

E stato studiato it comportamento a ripetute operazioni di frittura deli'olio di semi
di Moringa oleifera, varield Blantyre (zona di Malawi}, prodotto con lre sistemi:
per pressione a freddo, estrafto con n-esano ed estratlo con una miscela di
cloroformio-metanclo. L'olio é stato usato per fritture continue per 5 giorni
consecutivi di paltate e di filetti di merluzzo, a 1775 +5°C. A queste condizioni si
verifica una decomposizione lermica ed ossidativa. Sono stati valutati |
cambiamenti chimici negli oli: il contenuto in acidi grassi liberi, il numero di
perossidi, 'estinzione specifica a 232 nm, Il colore dei componenti polari e la
viscosita aumentano mentre il numero dj iodio, il punto di fumo, gli acidi grassi
poliinsaturi, il periodo di induzione e fa concentrazione in tocoferoli diminuiscono.
Si & esaminato inoltre 'effetto di questi oli sulle qualita organolettiche degli
alimenti fritti. | dati analitici e sensoriali indicano che il minor deterioramento si
verifica nell'olio ottenuto per pressione a freddo ed il maggiore nell’olio estratto

The frying performance of Moringa oleifera, local variety of Blantyre, area of
Malawi, seed oil (produced by cold pressure, extraction with n-hexane and a
mixture of chloroform-methanol) was studied espegcially as regards repeated frying
operations. The oils were used for intermittent frying of potato slices and cod
filets at a temperature of 175x5°C for § consscutive days. Under such conditions
thermal and oxidative decomposition of the oils take place. The chemical
changes occurring in the oils were evaluated. Free fatly acid content, peroxide
value, specific extinction at 232 nm, polar compounds colour and viscosity of the
oils all increased, whereas the iodine values, smoke points, polyunsaturated fatty
acid content, induction period and tocopherol concentration decreased.

The effect of the oils on the organoleptic quality of these fried foods was also
determined. The analytical and sensory data showed that the lowest deterioration
occurred in the oil produced by cold pressure and the highest in the oil extracted

by cold pressure (CP) and extracted by the use of n-hexane
{R) and a mixiure of chloroform : methanol (50:50) (CM), as
solvents.

Cold pressure - The extraction pcocedure for the cold pres-
sure was performed as follows: the seeds were milled to 2 fine
powder with a Vorwerk Thermomix 3300 (Vorwerk France S.A.,
Paris) at a speed of 12 with the addition of water (in a ratio
of 1 seed/2 water). Prior to extraction which was done with a
O.M.F.B. pm 25-S/1 simple hydraulic hand press (Costruz.
Mecc. Oleodinamiche Provaglio d’Iseo, Brescia, Italy) with a
max. pressure of 300 kg/cm? the paste was wrapped in a
thick heavy-duty cloth.

n-Hexane - The solvent extraction was executed using a two
litre soxhlet apparatus. The seeds were milled to a fine pow-
der with a Vorwerk Thermomix 3300 (Vorwerk France S.A.,
Paris) at a speed of 12. The paste was positioned in a paper
ampouie and the ampoule in a two litre soxhlet apparatus.
Then the heater was turned on. After 12 hours the extraction
was stopped. The n-hexane was evaporated under reduced
pressure with a Heildolph WB 200 Rotary Evaporator, and the
oil was kept in sealed bottles under refrigeration (0 - 4°C) for
further processing and analysis.

Chioroform:Methanol (50:50} - The sclvent extraction was ex-
ecuted using a two litre soxhlet apparatus. The seeds were
milled to a fine powder with a Vorwerk Thermomix 3300 (Vor-
werk France S.A., Paris) at a speed of 12. The paste was posi-
tioned in a paper ampoule and the ampoule in the two litre
soxhlet apparatus. Then the heater was turned on. After 10
hours the extraction was stopped. The chloroform: methanol
(50:50) was evaporated under reduced pressure with a Heil-
dolph WB 200 Rotary Evaporator, and the oil was kept in sealed
bottles under refrigeration (0 - 4°C) for further processing and
analysis.

Degumming - There was a need for degumming because the
oils were cloudy and they were going to be used for frying.
The oil was heated at 75°C and 20% boiling water was ad-
ded. The mixture was mixed for 10 minutes with the aid of a
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glass rod. After cooling, the: oil was cemirifuged. for 10 minutes
im 3500 rpm in tubes of 200 cm? using a. Sorvall General-
Purpose RC-3 Automatic Refrigerated Centrifuge (Ivan Sor-
vall INC., Newtown Connecticut, USA).

METHODS

The frying method used was adapted from that developed
by Tsaknis [7). Potatoes and skinless cod fillets {Gadus
Morhua) were deep-fried independently, each in 2 litres of ol.
The potatoes were peeled and washed about 1 h before use,
and sliced into discs 0.5 cm thick and 2.5 ¢m in diameter, us-
ing @ mechanical slicer.

The skinless cod fillets were cut into square pieces (3 cm
x 3 cm x 1.5 cm) and coated with wheat flour. When the tem-
perature of the oit reacheqd 175°C a batch of 100 g of each wers
fried in separate oil samples.

Repeat fryings were carried out at half hour intervais for 2
h. The frying time was 8 min for ¢cod fillets and 6 min for pota-
{oes. A total of five fryings were done per day for five consecu-
tive days. At the end of each day 50 g samiple of oil was re-
moved from each fryer and stored at 0°C. The lid of the fryer
was replaced and the fryings were continued the following day.
Fresh oil was not added to the frying pans.

Colour was measured with a Lovibond fintometer (The Tin-
tometer Ltd., Saisbury, England). Free fatty acid content was
measured according to the method described by IUPAC {8).
The viscosity was measured using a Brookfield viscometer
with spindle No 2 at temperature of 24°C. Ultra-violet absorp-
tion (al 232 nm) of the oils was determined using the method
of [UPAC [8]. Smake puint was measured according to the
method described by Brifish Standards Methods of Amnalysis
(BS 684: Section 1.8). lodine vatue was measured according
to the Wijs method as described by Pearsons [10].

The potar compounds were determined using the {1UPAC
(1987} method. The determination of the fatty acids composi-
tion was done by gas-liquid chromatography according to the
method descritied by Tsaknis {7]. The FAMES preparation was
done using the following precedure: about 25 mg of oil were
accurately weighed into a screw cap tube, and 1.5 cm3metha-
nolic sodium hydroxide was added, mixed and heated at 100°C
for 7 minutes. After cooling, Z cm8 of boron trifluoride were
added and heated at 100°C for 5 minutes. The tube was cooled
fo 30 - 40°C and 1 cmd of iso-octane was added, capped and
shaken using whirli mix for 30 seconds. 5 cms3 of saturated
sodium chioride solution was immediately added and the tube
was shaken again. The tube contents were allowed to separate
and the top (iso-octane containing fatty acid methyl esters) lay-
er was removed and the lower layer was extracted again with
an addition of 1 cm3 iso-octane. The two iso-octane extracts
were combined (dried over anhydrous sodium sulfate) and con-
centrated to approximatefy 1 cm3 with a stream of nitrogen.

Analysis of fatty acid methylesters was performed on a Var-
ian 3600 Gas chromatograph(Varian, Palo Alto, California,
USA) equipped with a Supeicowax 10 (Supelco, Inc., Supel-
co Park, Bellefonte, PA 16823-0048) fused silica capillary
column 30 x 0.32 mm ID, 0.25 um film thickness. The temper-
ature program was 60°C for 10 min and then 2°C min-1 up to
220°C. Injector and FID temperatures were set at 160°C and
280°C respectively, sample volume was 0.2 ul, the carrier gas
was N2 at a flow of 30 ml min-!, chart speed was set at 0.5
cm min~' and the attenuation at 10-19x 32, The internal stan-
dard used was nonadecanoic acid. Methyl esters were identi-
fied and quantified by comparing the retention times and peak
area of the unknowns with those known FAME standard mix-
tures. Samples were prepared and measured separately in
triplicates, for each way of extraction (three ways in total).

The method used for the determination of tocopherols was
a modification of that reported by Carpenter’s [11]:

a) 1 g of oil was accurately weighed into a 3 dram sample vial
wrapped in foil paper to prevent oxidation. The oil was dis-
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solved in a 5 cm?3 n-hexane before injection.

bj A 20 uf sample was injected into the Waters 600E HPLC
pump (Millipere Corporation, Waters Chromatography Division,
Massachusetts, MA 01757, USA) fitted with a Waters p-Polarsil,
125 A, 10 pr,. 39%x300 mm column.

Detection was performed with a Waters 486 Tunable Absor-
bance Detector set at 295 nm. Iso-propanol: n-hexane: abso-
lute ethanol {2: 97.5: 0.5) at 1 cm?/min was used as the mo-
bile phase. A total of 5 min was necessary to assay the
tocopherots. The external standards used were di-c-tocopherol
(Merck) and (+)-8-tocopherol (Sigma). Tocopherols were iden-
tified by comparing ttie retention times and quantified based
on peak area percent of the unknowns with those of known
standards. Samples were prepared and measured separately
in triplicates, for each way of extraction (three ways in total).

The determination of peroxide value was done using the
method adapted from Lea [12]. The determination of the in-
duction period was done as follows: two and a half grams (2.5
gJ of oil were accurately weighed into each of the six reaction
vessels and the following procedure was carried out. The
“Metrohm Rancimat 679" (Metrohm Ltd., CH-9101, Herisau,
Switzertand) was swifched on until the temperature of the oil
batch reached the temperature of 120°C. Then 50 cm3 of dis-
tilled water was placed into each of the six conductivity cells
and the airflow rate was set at 20 L h-1. The temperature was
checked to ensure it had a constant value. The air supply was
connected to the tubes containing the oil samples and the
chart recorder was started. The determination continued au-
tomatically until the conductivity reached the maximum value
and the induction period was read.

RESULTS AND DISCUSSION

Fish and potatoes are the most commonly fried foods in
homes and restaurants. In view of this an investigation was
carried out to study the physical and chemical changes which
occur in oils used for frying.

Free fatty acid (FFA) content

Tables t, VIl and XIII illustrate the changes in free fatty acids
of oils used for frying potatoes and Tables IV, X and XV! illus-
trate the changes in free fatty acids of oils used for frying cod.
No significant increases were observed after 5 days of frying
in all the oils at the 95% level of significance (student’s t- test).
The cold pressure oil showed the lowest increase and the n-
hexane oil the highest. The steady rise in the formation of FFA
can be attributed partly to the hydrolysis and partly to the com-
ponent carboxylic groups present in polymeric products of fry-
ing. [13]. The acidity was mainly formed by hydrolysis of
triglycerides, which was promoted by the presence of food
moisture, and by oxidation or by the reaction of oil with
moisture formed during other deterioration reactions [14]. The
oils used for frying cod seemed to follow the same trend.
Although cod was found to cause a more rapid increase in
the free fatty acid content.

Peroxide value

Tables I, VIl and Xlll illustrate the changes in peroxide value
of oils used for frying potatoes and Tables IV, X and XVl illus-
trate the changes in peroxide value of oils used for frying cod.
All the oils showed an increase at the initial stages of frying
untit 6 h or 8 h of flying followed by a decrease in PV. Further
frying resulted in a new increase in PV, Peroxides under the
heating conditions used are unstable, and react to form secon-
dary oxidation products. An increase in the initial stage of fry-
ing wouid be expected to be foliowed by a decrease with fur-
ther frying, because the hydrohyperoxides tend to decompose
at 180°C to form secondary oxidation products [15]. The over-
all increase in peroxide value is connected with the cooling
period of the oil. The length of time required to ¢ool the oils
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at room temperature (28°C) was more than 4 h. During the
cooling period the oils were exposed to air at high tempera-
ture and hydroperoxides were formed again [16]. In view of
these factors, peroxide value is not to be recommended for
measuring heating oil deterioration. The method suggested
by Tsaknis et al. {17] would be more suitable for measuring
frying oil deterioration, because it determines malondialde-
hyde, which is a stable secondary oxidation product. The oils
used for frying cod seemed to follow the same trend with the
only exception of cold pressure oils used for frying cod that
showed a continuous increase of PV.

fodine value

Tables [, VIl and Xlll illustrate the changes in iodine values
of oit used for frying potatces. Tables 1V, X and XVI illustrate
the changes in iodine values of oil used for frying cod. The
results showed that there were not significant changes be-
tween the fresh and used oils after § days of frying. The
decrease of iodine value correlated well with the decrease of
unsaturated fatty acids (r = 0.992), and more over this analy-
sis confirmed that less oxidation of unsaturated fatty acids has
taken place in cold pressure oil. The oils used for frying cod
seemed to follow the same trend.

Viscosity

Tables |, VIl and XIIl iflustrate the changes in viscosity of
oils used for frying potatoes and Tables IV, X and XVI illus-
trate the changes in viscosity of 0ils used for frying cod. As
the oxidation is accelerated by heat proceeded, the values of
viscosity progressively increased (13). Cold press oil showed
the lowest change in viscosity after 10 h of frying, while
chloroform-methanol and n-hexane oil showed much higher
changes. These results clearly indicated the higher deteriora-
tive effect of oxidation and polymerisation of chloroform-
methanol and n-hexane oil compared to cold pressure oil. The
increase in viscosity of frying oils was due to polymerisation
which resulted in formation of higher molecular weight com-
pounds (carbon to carbon and/for carbon to oxygen-to carbon
bridges) between fatty acids (14). The oils used for frying cod
seemed to follow the same trend. Although cod was found to
cause a more rapid increase in viscosity.

Smoke point

Tabies I, VIl and Xill illustrate the changes in smoke point
of oils used for frying potatoes and Tables IV, X and XVl illus-
trate the changes in smoke point of oits used for frying cod.
As expected a decrease of smoke point of the oils was ob-
served. The chloroform-methanol and n-hexane oil showed a
significant decrease in smoke point after 4 days of {rying, while
the cold pressure oil showed no significant increase after 5
days of frying. Morton and Chidiey [18] reported that the
amount of smoke emanating from a cup is directly proportional
to the concentration of low molecular weight decompasition
products in the oil. The free fatty acids and other volatile sub-
stances leaving the fat as gases, will not appear as smoke until
their concentration is great enough 1o permit aggregation to
colloidal sized particles. The oils used for frying cod seemed
to follow the same trend. Aithough cod was found to cause
a higher decrease in the smoke point.

Polar compounds

Tables 1, VIl and Xill illustrate the changes in polar com-
pounds of oils used for frying potatoes and Tables IV, X and
XVl illustrate the changes in polar compounds of oiis used for
frying cod. The results demonstrated that cold pressure oil ex-
hibited the lowest increase in polar compounds, while the n-
hexane oil the highest. Fritch [19], reported that the analysis
of percentage polar compounds is considered to be one of the
more reliable indicators of the state of the oil deterioration. This
iatter statement is supported by those of other research wor-
kers [20].

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. LXXV - APRILE 1998

Colour

Tables II, Vill and X1V illustrate the changes in colour of oils
used for frying potatoes and Tables V, XI and XVII illustrate
the changes in colour of oils used for frying cod. Darkening
is attributed to the presence of unsaturated carbonyl com-
pounds or to non-polar compounds of foodstuff solubilised in
the oil [21]. The results indicaled that there was an increase
in red units of the colour measurement of frying oils, while yel-
low units showed only minor changes. The colour change was
a result of the diffusion of pigments into-the cil during frying.
n-Hexane oil showed the highest increase in colour while cold
pressure oil showed the towest. Although cod was found to
cause less increase in red units of colour. The higher increase
of oil colour during frying of potatoes than that during oil fry-
ing cod is due to the fact that reactions between the aldehyde
group of sugar and amino acids give brown products. Burton
[22] reported that the alpha, beta unstaturated carbonyl com-
pounds, derived from the sugars are the first formed intermedi-
ates that react with substances containing alpha-amino groups
to give carbonyl- nitrogen cormpounds which conjugate to form
brown products.

FAME analysis by gas-liquid chromatography

Tables I, (X and XV illustrate the changes in fatty acid com-
position of oils used for frying potatoes and Tables VI, XIl and
XVl illustrate the changes in fatty acid composition of oils
used for frying cod. It was observed that there was a decrease
in polyunsaturated fatty acids and a resulting increase in the
saturated acids content. However, the changes in polyunsatu-
rated fatty acids were not statistically significanl. Changes in
fatty acid profile of alt oils during frying are basically among
the unsaturated fatty acids, whereas the saturated fatty acids
(myristic, palmitic and stearic) were slightly increased [13].

HPLC of tocopherols

Tables I, VIII and X1V illustrate the changes in colour of oil
used for frying potatoes and Tables V, XI ang XVII illustrate
the changes in tocophersals of ail used for frying cod. The rela-
tive decomposition rates after 5 days of frying were delta>
gamma> aipha. The resufls are in agreement with those of
Sonntag [23], who reported that the decomposition rates of
tocopherols, after 10 hours frying, were gamma > alpha. Lea
[24] showed that the order of antioxidant activity changed with
the oil used for the experiment. In contrast Miyagawa et al.
[25], in their experiments, using & mixture of soybean and
rapeseed oils to fry potatoes, found that the decomposition
rates of tocopherots were gamma>delta>alpha after 32
batches of frying. Also Carlson and Tabach [26], reported that
the decomposition rates of tocopherois in fried soybean oil with
french fries were gamma>delta> alpha.

Specific extinction (E}%) at 232 nm

Tables H, VIIt and XIV illustrate the changes in specific ex-
tinction at 232 nm of oils used for frying potatoes and Tabies
V, Xl and XVII illustrate the changes in specific extinction at
232 nm of oils used for frying cod. The specific extinction at
232 nm which measures the degree of the primary oxidation
products increased during time and was significant after the
first day of frying in all the used oils.

Induction Period

Tables Il, VIl and X1V illustrate the changes in induction peri-
od of oils used for frying potatoes and Tables V, X{ and XVII
iltustrate the changes in induction period of oils used for fry-
ing cod. The results showed that cold pressure oil had the lon-
gest induction period foliowed by chloroform-methanot and n-
hexane oil. Induction period measurements were carrieg out
on frying oils in order to provide a quick indication of the trends
in resistance to oxidative rancidity of the heated oils. The in-
duction period determined via accelerated oxidation methods
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on the original oil cannot guarantee or predict the actual fly-
ing performance of the oil as other factors will be introduced
once frying commences (e.g. badly operated fryer or heat ex-
changer will ruin even the best quality oil). Nevertheless, it is
considered that the “Rancimat’ induction period can be useful
10 act as a “‘screening” test and eliminate the possibility of
introducing lower stabpility oils into the production area with all
the attendant consequences [18]. The oils used for frying cod
seemed to follow the same trend. Although cod was found to
cause a higher decrease in induction period.

The oils used for frying cod, showed higher deterioration
in all the quality parameters, with the exception of colour, com-
pared with the same oils used for frying potatoes. This great-
er deterioration could be due to the leaching of fish oil from
the cod which is rich in polyunsaturated fatty acids which are
rapidly oxidised.

Sensory evaluation
A number of panellists were chosen 10 taste potatoes and

cod for the overall characterisation of the organoleptic proper-

ties (appearance, colour, flavour and texture) after each batch
had been fried. A taste panel score sheet with a numerical
scale of rating was developed, using descriptive terms against
each numerical score for each quality parameter. Throughout
the frying time the overall acceptance scores showed a sig-
nificant difference in overall acceptance of fried potatoes with
cold pressure and chloroform-methanol oil after 5 days of fry-
ing, while this difference was significant after 4 days of frying
with n-hexane oil. The overall acceptance scores showed that
fried cod was unacceptable after having been fried in oil for
5 days in cold pressure oil, after 4 days of frying in chloroform-
methanol oil and after 3 days in n-hexane oil. The panel scores
confirmed that cold pressure oil is the most suitable oil for
repeating frying compared to the other oils involved in this
study.
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-TABLE |

Changes of the quality characteristics of Malawi Moringa olelfera (cold pressure) oil during frylng potatoes at 175°C

DETERMINATION
Time - Acidity Peroxide value {odine value Viscosity Smoke point Polar compounds
(h) (% as oleic acid) {meq. Q2/kg of oil) | (g of (2/100 g of cil) (mPa - s) °C) (g/100 g oil)
0 1.20 0.19 6583 91.00 204 304
0.12) 0.12) {0.46) (0.21) 2.0 (033)
2 1.22 0.44 65.77 91.06 204 3.21
(0.21) (0.18) (054) {0.88) 1.7 (073)
4 1.30 1.16 65.68 81.15 203 350
(0.38) (0.73) {0.56) (1.04) {2.0) {0.46)
6 1.39 1.01 6552 91.33 202 398
(0.16) (0.65) (0.56) (0.76) (1.0) (0.92)
8 1.54 195 65.30 91.55 201 458
{0.30) (0.77) {0.95) (1.14) (2.0 062)
i0 1.74 413 65.05 9186 200 547
0.17) {0.95) (0.69) (1.25) (1.0) (0.55)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.

TABLE Il - Changes of the quality characteristics of Malawi Moringa oleifera (cold pressure) oll during frying potatoes at 175°C

DETERMINATION

Time Induction period a-locopherol y-tocopherol &-tocopherol Colour
(h) E ., 2232 0m (n} (mgfkg o) (mg/kg oil) {mg/kg oil) red, yellow
0 1.30 34.70 93.03 26.44 7147 2.00, 28.00
(0.18) (0.8) (2.99) (1.01) (5.76) (0.14), (350)
2 1.36 34.47 92.66 2499 7057 2.14, 28.00
(0.09) (0.36) (2.18) (1.65) (2.18) (0.80), (1.13)
4 1.47 34.17 9181 23.29 68.11 2.25, 28.00
(0.13) (081) (3.14) {0.96) (1.83) (0.60), (0.90)
6 1.68 3384 90.72 2157 64.84 2.44, 2800
(0.10) (0.45) (1.42) (2.16) {2.40) (0.70), (110}
8 2.01 3362 88.43 19.42 6081 300, 28.00
(0.34) (0.76) {2.17) (1.77) (2.13) (055), (0.45)
10 251 32.78 85.59 16.83 5590 5.44, 28.00
(0.39) (0.55) (0.94) {0.74) (3.16) (0.90), (0.65)

# Values are means of triplicate determinations and percentage coefficient of variation 15 given in parenthesis.

TABLE HI - Fatty acid composition of Malawi Moringa oleifera (cold pressure) oil during frying potatoes at 175°C

FATTY ACIDS

Time (h) 8:0 14:0 16:0 |16:1 o9 |16:3 w7 | 17:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 |22:3cis | 26:0
0 003 0.10 5.40 011 0.98 0.04 580 | 6765 069 0.20 3.72 264 6.74 0.12 090
(001) | (005 | (035) | (0.04) | (088) | (0.01) | (0.22) | (066) | (0.33) | (0.06) | (0.28) | (0.29) | (0.4%) | (0.04) | {0.09)

2 0.04 0.10 5.40 010 098 0.04 585 | 6769 068 0.18 3.74 2.63 6.76 0.1 090
(0.02) | (0.03) | {0.28) | (©02) | (043) | (0.01) | (0.31) | (081) | (0.49) | (0.07) | (0.36) | (0.44) | (0.42) | (0.O6) | (0.24)

4 0.06 011 5.41 0.09 094 0.05 586 67.66 0.66 0.16 375 262 6.78 0.09 0.87
(003) | (007) | (0.34) | (006) | (0.60) | (0.02) | (0.39) | (0.41) | (0.25) | (0.09) | (0.76) | (0.28) | (0.14) | (0.05) | (0.18)

6 007 0.12 539 0.10 092 0.06 589 67.64 062 0.14 377 261 6.79 0.09 085
(001) | (006) | (0.72) | (0.03) | (0.26) | (0.03) | (0.14) | (0.26) | (017) | {0.05) | (043) | (0.24) | (038) | (0.07) | (0.22)

8 009 013 542 0.08 0.91 003 594 67.61 059 0.1 378 259 680 008 082
004) | (002) | (041) | ©02) [ (034) | (001) | (©14) | (0.77) | (0.24) | (0.04) | (065) | (0.13) | (0.44) | (0.02) | (0.40)

10 0.08 0.14 537 0.07 0.90 0.02 6.08 67.54 055 0.07 377 258 6.82 0.07 0.80
(005) [ (005) | (066) | (0.05) | (0.43) | (0.01) | (055) | (0.31) | (0.34) | (003) | (0.26) | (0.27) | (0.21) | (0.04) | (0.17)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.
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TABLE IV - Changes of the quality characteristics of Malawi Moringa olelfera (cold pressure) oll during trying cod at 175°C

DETERMINATION
Time Acidity Peroxide value loding value Viscosity Smoke point Polar compounds
) (% as oleic acid) (meq. 02/kg of oil} | (g of 12/100 g of oil) {mPa - §) (°C) {g/100 g oil)
] 1.20 0.19 6583 91.00 204 3.04
{0.12) (0.12) (0.46) 0.21) 2.0} (0.33)
2 125 044 65.74 9111 204 3.27
(051) (0.25) (0.90) {0.47) (1.0) {0.56)
4 134 112 65.55 91.23 202 370
(0.36) {0.70) (077) (0.86) (30) (0.83)
6 150 094 65.49 9142 201 4.29
{0.63) (0.27) (0.66) (0.77) (2.0) {0.66)
8 1.70 263 656.26 91.73 200 506
(032) (0.80) {055) (0.99) (30) (0.69)
10 198 4.7 65.00 92.16 198 6.00
(0.44) (094) (1.10) (1.02) 2.0) (0.70)

# Valugs are means of triplicate determinations and percentage coefficient of variation is given in parenthesis,

TABLE V - Changes in the quality characteristics of Malawi Moringa oleifera (cold pressure) oil during frying cod at 175°C

DETERMINATION

Time Induction period a-tocophierol y-tocopherol s-tecopherol Colour
{h) E; ,al 232 0m (h) (mg/kg oil) (mg/kg oif) (mg/kg oil) red, yellow
0 1.30 34.70 93.03 2644 .47 2.00, 28.00
(0.18) (0.80) (2.99) (1.01) (5.76) (0.14), (3.50)
2 138 34.41 9257 2491 70.40 212, 28.00
(0.26) (0.40) (182) (1.95) (0.74) (0.28), (3.44)
4 1.52 34.07 91.60 2311 67.81 2.18, 28.00
(0.70) (0.66) (2.40) {0.96) (1.15) (054), (2.77)
6 1.75 3365 89.93 21.09 64.09 2.31, 2800
(0.41) 0.74) (1.80) (0.78) {0.94) (0.76), (2.12)
8 2.22 32.88 8753 18.62 5991 2,60, 29.01
(0.55) (0.56} (1.30) (1.34) (1.34) (0.78), (2.12}
0 2.85 31.82 84.15 15.04 5464 336, 29.03
(0.63) {0.66) (2.41) (1.09) (195) {063), (1.72)

# Values are means of triplicate determinations and percentage coefficient of vanation is given in parenthesis.

TABLE VI - Fatty acld composition of the Malawi Moringa oleifera (cold pressure) oll during frying cod at 175°C

FATTY ACIDS

Time (h) 8:0 14:0 16:0 |16:1 9 [16:1 7| 17:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 | 22:1cis | 260
0 0.03 0.10 5.40 0.11 098 0.04 580 67.65 0.69 0.20 372 264 6.74 012 0.90
(0.01) | (0.05) | (0.34) | (0.04) | (068) | (0.01) | (0.22) | (066) | (0.33) | (0.06) | (0.28) | (0.29) | (0.41) | (0.04) | (0.09)

2 0.03 0.12 540 0.09 095 0.06 581 67.67 067 G.i8 3.74 262 6.77 0.10 088
{002) | (004) | {017) | (004) | (0.37) | (0.03) | (0.18) | (0.29) | (0.16) | (0A1) | (©.26) | (0.42) | (0.22) | (0.07) | (C.21)

4 0.04 0.14 544 0.07 092 007 585 6761 064 0.16 3.77 2.60 6.80 009 0.86
(0.02) | (009 | (0.23) | (0.03) | (0.26) | (0.05) | {0.33) (0.18) | (0.30) (0.10) (0.16) | (0.30) {0.11) (0.06) 0 1)

6 0.06 0.16 547 0.09 092 0.04 586 6759 058 013 375 2.58 6.83 008 0380
(0.03) (011 | (0.20) | (0.16) (013) | (0.02) | (0.38) | (0.34) | (0.25) | {0.09) (0.50) | (0.14) (0.37) (0.04) | (0.27)

8 0.08 016 5.50 0.08 093 0.05 5.89 6755 0.54 0.10 378 257 6.84 0.07 0.76
(004) | (009) | (0.32) 0.04) (038) | (0.04) | (0.20) | (0.47) (0.21) (Q08) | (0.45) | (0.19) 0.21) (0.04) | (046)

10 0.10 0.20 552 0.09 093 0.08 593 6752 0.44 0.06 3.80 254 6.85 0.06 (V4|
(005) | (0.07) | (0.29) | (0.03) | (0.24) | (0.03) | (0.44) | (0.41) (0.36) | (002) | (0.44) | (036) | (0.46) | (0.03) | (036)

# Values are means of triplicate determinations and percentage coefficient of vanation is given in parenthesis.
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TABLE VIl - Changes in the quality characteristics of Malawi Moringa oleifera (n-hexane) oll during frying potatoes at 175°C

DETERMINATION
Time Acidity Peroxide value lodine value Viscosity Smoke point Polar compounds
{hy (% as oleic acd) (meq. 02/kg of oil) (g of 127100 ¢ of qil) (mPa - s) (°C) (g/100 g oil)
0 082 0.23 65.74 62.00 202 396
(0.11) (0.13) (0.50) (0.17) 2.0 (0.44)
? 088 1.10 65.70 62.29 200 427
(0.34) {059) {0.62) (0.65) (3.0) {0.88)
4 039 2.17 6564 6274 ° 198 471
{0 26) (0.84) (0.75) (0.90) (1.0) (1.14)
6 1.14 378 65.52 63.31 196 570
(0.41) (1.04) {0.48) (1.16) (2.0) (060)
8 1.45 461 65.25 64.14 194 6.99
(052) (0.85) (0.34) (0.78) (1.0 (0.55)
10 198 365 64 59 65.04 191 868
(0.54) (0.58) (0.57) {117) 20 (0.56)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.

TABLE Vill - Changes in the quality characteristics of Malawi Moringa oleifera (n-hexane) oll during frying potatoes at 175°C

DETERMINATION

Time Induction period o-tocopherol +-tocopherol s-tocopherol Colour
{h) B . al 232 nm (h) (ma/ky oil) {mo/kg ofl) (mg/kg oil) red, yellow
0 1.44 2370 51.10 2535 18.29 1.20, 70.00
(0.20) (050) (4.01) 1.13) 2.1 (0.40), (2.20)
2 191 23.07 4915 2233 1.71 1.53, 70.00
{0.70) (0.84) (2.70) (1.65) (1.36) (050), (1.80)
4 164 2207 46.33 1893 0 191, 70.00
(054) (1.14) (3.40) (2.35) (1.05), (1.30)
6 2.23 2094 4212 13.25 0 2.66, 70.00
(058) (1.27) (1.80) (0.98) (0.70), (1.20)
8 288 19.68 3716 701 0 367, 71.00
(0.96) (0.80) (2.30) (1.33) {0.80), (1.20)
10 398 18.18 31.10 0 0 568, 71.00
(037) (0.46) (1.17) (0.90), (050)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenlhesis.

TABLE IX - Fatty acid composition of the Malawi Moringa oleifera (n-hexane) oil during frylng potatoes at 175°C

FATTY ACIDS

Time (h) 8:0 140 16:0 |61 9| 16:1 &7 | 17:0 i8:0 18:1 18:2 18:3 20:0 20:1 22:0 |22:1cis | 26:0
0 0.02 0.10 551 01 1.10 004 5.86 67.79 0.71 0.21 3.78 A 2.60 6.81 0.11 098
(0.01) | (0.06) | (036) | (0.065) | (0.74) (G0%) | (033) | (067) | (0.41) (0.07) | (0.29) | (0.28) | (056) (0.0 (0.10)

2 0.03 o 552 01 1.08 0.05 588 67.76 069 020 |- 379 258 6.82 0.10 096
{002) | (004) | (0.24) | (00B) | (031) | (CO3) | (0.27) | (0.19) | (030) | (0.06) | (0.14) | (0.40) [ (0.22) | (0.05) | (0.25)

4 005 0.13 553 009 1.06 0.07 593 . 065 0.18 380 256 6.84 009 095
004y | (007) | (013) | (005) | (0.40) | (004) | (0.14) | (039) | (0.43) | (0.08) (0.16) | (0.31) | (0.35) | (0.07) | (0.43)

6 007 0.13 554 0.08 1.02 0.09 586 | 67.68 060 0.16 382 753 6.86 0.08 092
(0.04) | (008) | (0.44) | (0.04) (061) | (0.03) | (0.28) | (044) | (0.22) | (009) | (0.27) | (0.18) | (080) | (0.04) | {0.16)

8 008 014 557 008 1.00 0.11 6.00 67.63 042 0.12 384 2.51 6.89 0.06 089
(0.06) | (010) | (035 | (0.03) | (0.35) | (006) | {055) | (015) | (0.31) | (006) | (0.19) | (0.24) | (0.37) | (0.03) | (0.28)

10 0.12 0.16 559 0.05 096 015 6.06 6757 018 0.05 388 247 6.94 0.04 0.84
(0.04) 011y | (0.26) | (0.02) (0.18) | (0.07) | (043) | (061) | (0.20) | (0.03) | (0.32) | (0.18) (0.51) (0.02) | (0.33)

# Values are means of friplicate determinations and percentage coefficient of variation is given in parenthesis.
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TABLE X - Changes of the quality characteristics of Malaw/ Moringa oleifera (n-hexane) oil during frying cod at 175°C

DETERMINATION
Time Acidity Peroxide value lodine value Viscosity Smoke point Polar compounds
(h) (% as oleic acid) (meq. O2tkg of oil) | (g of 124100 g of oil) (mPa - s) (°C) (97100 ¢ oil)
0 082 0.23 65.74 62.00 202 3906
0.11) (0.13) (050) (0.17) (2.0) (0.44)
2 093 065 6568 62.34 201 434
(0.50) (0.43) (190 (1.48). (1.0) (1.65)
4 1.11 1.27 6557 62.78 199 4.86
(0.35) (0.92) (2.30) (1.48) (30) (2.20)
6 134 243 65.38 63.37 197 573
(081 (1.12) (1.70) {1.90) (2.0} (1.30)
8 1.70 2.07 64.96 64.39 194 706
{056) (1.30) (150) (1.10) (1.0) (1.10)
10 2.10 4.57 64.48 65.64 190 922
(0.74) (1.60) (1.40) (0.90) (3.0) (0.98)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.

TABLE XI - Changes in the quality characteristics of Malawi Moringa oleifera (n-hexane) oil during frying cod at 175°C

DETERMINATION
Time induction period «-tocapherol ~-tocopherol S-tocopherol Colour
(h) E; o 4232 nm () (ma/kg oll) {mag/kg oil) (mg/kg oil) red, yellow
0 1.44 23.70 51.10 25.35 18.89 1.20, 70.00
(0.20) (0.50) (4.0%) (1.13) 2.11) (0.40), (2.20)
2 154 23.16 4963 22.05 12.73 1.45, 7000
(0.72) (0.75) (2.71) (0.9%) (1.22) (090), (1.60)
4 1.72 22.20 46.30 17.27 506 1.85, 7000
(0.56) (0.39) (1.67) (1.60) (1.13) {0.60), (2.50)
6 217 2095 4184 9.33 0 255, 7000
(0.92) (0.76) (1.33) (1.43) - {0.45), (3.20)
8 3.04 19.56 3572 0 0 3.42, 70.00
(0.85) (061) (192 (1.10), (0.80)136
10 436 17.76 26.30 0 0 455, 71.00
{0.28) 0.97) {090) (0.75), (0.90)

# Values are means of triplicate determinations and percentage coefficient of varfatton (s given in parenthesis.

TABLE XII - Fatty acid composition of heated Malaw! Moringa oleifera {(n-hexane) oil during frying cod at 175°C

FATTY ACIDS

Time (h) 8.0 14:0 16:0 (161 9 | 1611 /| 17:0 8.0 18:1 18:2 18:3 20:0 20:1 22.0 |22:1¢is | 260

0 0.02 010 551 0N 1.10 0.04 586 67.79 0.71 0.1 378 2.60 6.81 0 098
(0.07) | (0.06) | (0.36) | (0.05) | (0.74) | (GO1) | (033) | (067) | (041) | (007) | (0.29) | (0.28) | (05S6) | (0.0%) | (0.10)
2 002 0.11 551 0.11 1.08 0.05 538 67.76 069 0.20 3.80 2.58 6.83 0 0.97
(002) | (0.08) | (0.25) | (0.08) | (050) | (0.02) | (0.24) | (080) | (0.30) | (0.12) | (0.75) | (0.31) | (0.40) | (0.08) | (051)
4 0.05 0.12 o253 0.10 106 008 592 67.72 085 0.18 381 2.55 6.85 0.10 096
(0.03) | (009) | (0-44) | (0.06) | (038) | (0.04) | (083) | (0.90) | (0.43) | (0.10) | (0.47) | (031) | (060) | (0.07) | (0.48)
6 0.07 013 555 0.09 1.00 0.09 5.96 6770 052 0.13 3.84 253 6.88 0.08 0.95
(0.04) | (005) | (0.36) | (007) | (0.40) | (0.28) | (0.39) | (0.28) | (0.27) | (009) | {0.27) | {(052) | (0.33) | (0.06) | (0.29)
8 0.10 015 557 0.07 098 013 6.01 6764 0.29 0.06 387 250 6.31 0.05 0491
(007) | (017 | (0.22) | (0.04) | (037) | (0.10) | (034) | (072) | (0.12) | (0.02) | (0.48) | (0.26) | (0.25) | (0.03) | (0.48)
10 012 018 557 0.02 093 018 6.10 6754 0.03 0 390 2.46 6.95 0.02 084
(0.08) | (009 | (053) | (0.07) | (047) | (0.72) | (058) | (0.75) | (0.0%) (083) | (060) | (068) | (0.01) | (0.56)

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.
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TABLE XIIl -

Changes In the quality characteristics of Malawi Moringa oleifera (chioroform:methanol) oil during frying potatoes at 175°C

DETERMINATION
Time Acidity Peroxide value (odine valué Viscosity Smoke point Polar compounds
(h - (% as oleic acid) (meq. 02/kg of oil) | (g of 12/100 g of oil) (mPa - s) (°C) (g/300 g oil}
0 0.98 0.35 65.59 71.00 206 3.24
(0.42) (0.09) (050) (0.18) (2.0) (092)
2 158 098 65.63 7113 206 3.48
(0.33) {0.36) (081 (0.94) (2.0) {0.56)
4 1.63 2.4 65.49 7134 205 390
(0.28) (0.76) (1.10) (0.88) (1.0) (0.35)
6 1.73 156 65.28 . 203 463
{0.19) (0.44) 0.77) {0.59) (3.0) (091)
8 195 296 65.01 72.16 201 555
(0.38) (093) (1.13) (0.83) (2.0 (0.88)
10 1.61 4.75 64.69 7292 197 6.72
(0.76) (1.07) (0.66) (1.03) (1.0 (067)

# Values are means of triplicale determinations and percentage coefficient of variation is given in parenthesis.

TABLE XV - Changes in the quality characteristics of Malaw! Moringa olelfera (chloroform:methanol) oil during frying potatoes at 175°C

DETERMINATION

Time (nduction periad «-tocopherol ~-tocophero! S-tocopherol Calour
)] E| m 2 232 nm () (mg/kg oil) {mo/kg oit) (mg/kg oil) red, yellow
0 118 31.80 70.06 29.29 232 15.50, 79.00
{0.16) (0.60) {7.08) (1.85) (132) (3.10). (2.70)
2 1.23 31.64 69.28 2660 1956 1565, 79.00
0.27) (0.44) (0.39) (0.34) (0.34) (1.80), (0.80)
4 1.32 31.28 66.94 2344 16.02 15.87, 80.00
(0.16) {0.72) (0.28) {0.66) (039) (1.20), (0.70)
6 169 30.75 64.68 19.53 10.11 16.20, 80.00
{0.34) {0.31) {0.43) (0.38) (0.92) {1.30), (0.90)
8 2.18 2992 62.13 1452 2.76 17.20, 81.00
{0.55) {0.41) (0.54) (0.63) (0.83) (0.65), (1.40)
10 289 2852 58.06 851 0 18.46, 81.00
(0.25) (0.47) {0.25) (0.30) {1.50), (1.80)

# Valves are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.

TABLE XV - Fatty acid composltion of the Malawl Moringa oleifera (chloroform:methanol) oil during frying potatoes at 175°C

FATTY ACIDS

Time (h) 8:0 14:0° | 16:0 [16:1 w9 [16:1 w7 | 17:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 |22:%efs | 26:0
0 002 0.10 5.46 0.11 1.1 0.04 582 6780 069 0.19 377 261 6.78 01 096
001) | (006) | (0.32) | (0.04) | (0.73) | (0.0%) | (0.29) | (065) | (035) | (00 | {051 | (031 | (0.33) | (0.06) | (0.08)

2 0.03 011 5.47 0.11 1.10 0.05 584 67.79 066 0.18 379 260 6.79 0.1 093
(0.01) [ {0.04) | (019) | (0.06) | {0.44) | (003) [ (0.14) | (042) | (031) | (0.07) | (©21) | (@.14) | (0.40) | (0.04) | (0.17)

4 003 0.31 5.48 0.10 1.09 0.06 584 67.77 060 0.17 381 2.56 6.80 0.10 0390
{002) | (0.08) | (©37) | (0.04) | (0.17) | (002) | (0.21) | (0.47) | (052) | (0.11) | (018) | (0:38) | (0.20) | (0.07) | (0.35)

6 0.04 0.13 547 008 1.08 006 582 67.74 052 0.12 383 254 6.83 0.09 0.89
(0.03) | (0.07) | (0.14) | {0.04) | (0.13) | (0.03) | (0.36) | ¢0.28) | (0.26) | (0.06) | (019) | (0.18) | (0.25) | (0.03) | (0.42)

8 0.06 0.16 550 0.08 106 008 536 67.70 041 0.10 384 251 687 007 084
{002) | (0.09) | (0.42) | (002} | (0.21) | (0.04) | (048) | (0.37) | (036) | (0.04) | (0.22) | (0.30) | (0.22) | (004) | (0.28)

10 0.08 0.14 552 0.07 1.04 0.10 6.01 67.66 0.35 0 387 2.48 6.92 0.02 0.79
(004) | (007 | ©.27) | (003) | (007) | (0.04) | (009) | (0.12) | (0.20) 050) | (0.27) | (044) | (0O1) | (032

# Values are means of triplicate determinations and percentage coefficient of variation is given in parenthesis.
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TABLE XVI -

Changes in the quality characteristics of Malawi Moringa ofeifera (chloroform:methanol) oif during frying cod at 175°C

OETERMINATION
Time Acidity Peroxide value lodine value Viscosity Smoke point Polar compounds

() (% as oleic acid) {meq 02/kg of oil) {9 of 12/100 g of oif) {mPa - s) (°C) (97100 g oil)

0 098 015 85,59 71.00 206 3.24
(0.42) 009) (0.50) {0.18) (2.0) (0.92)

2 104 090 65.55 71.22 205 351
(0.56) (0.35) (0.66) (0.97) (1.0} (0.72)

4 111 1.78 65.39 7155 203 398
(0.34) (1.05) (0.39) {1.28) 20) (063)

6 1.27 2.97 65.17 7195 201 475
(0.29) (0.86) (0.44) (0.88) (1.0) (1.29)

8 153 399 64.90 72.48 199 582
{0.55) (0 44) (1.04) (0.83) (2.0) (0.98)

10 196 3.55 64.58 73.36 196 732
(0.72) (0.70) (0.87) (1.17) (30) (1.09)

# Values are means of lriplicate determinations and percentage coefficient of variation is given in parenthesis.

TABLE XV)) - Changes in the quality characteristics of Malawi Moringa oleifera (chloroform:methanol) oil during frying cod at 175°C

DETERMINATION

Time Induction penod a-tocopheral v-ocopherol 5-locopherol Colour
(h) E, .8t 232 om (h) (mg/kg oil) {mg/kg oil) (mo/kg ol red, yellow
0 119 31.80 70.06 29.29 2232 15.50, 79.00
{016) (0.60) (7.08) (1.85) (1.32) (3.10), (2.70)
2 1.26 31.42 69.10 26.47 18.90 15.61, 79.00
(0.24) (0.55) (3.43) (2.93) (1.84) (3.20), (1.30)
4 144 3093 66.74 2085 13147 15,79, 79.80
(0.38) (0.67) {0.94) (1.97) (1.23) {0.66), (0.70)
6 1.83 3014 64.29 13.08 510 16.08, 79.90
(0.55) (0.48) (1.45) (3.12) (2.17) (1.80), (0.40)
8 2.45 2891 60.06 304 0 16.87, 79.90
(0.64) (0.88) (1.84) {1.14) {0.80), (0.50)
10 347 2716 5326 0 0 1782, 80.60
(0.86) (0 74) (1.70) (1.30). (1.40)

# Values are means of triplicate determinalions and percentage coefficient of variation is given in parenthests.

TABLE XVIII - Fatty acid composition of the Malawi Moringa oleifera (chloroform:methanol) oil during frying cod at 175°C

FATTY AGIDS

Time (h) 8:0 14:0 16:0 11611 &8 161 w7 | 170 18:0 18:1 18:2 8:3 20:0 2011 22:0 | 22:1cis | 26:0
0 0.02 010 5.46 011 0.1 004 682 6780 069 019 377 261 6.78 0.1 0.96
B (0.02) | (0.06) | (0.30) | (0.04) | (073) | (0.01) | (0.29) | (0.85) | (0.35) | (005) | (051) | (0.31) | (0.33) | (0.06) | (0.08)
2 003 011 5.46 011 1.09 0.06 584 67.77 065 017 3.78 2.61 6.80 0.09 095
(0.02) | (007) | (0.14) | (0.08) | (0.36) | (0.03) | (037) | (051) | (056) | (041) | (0.27) | (0.19) | (057) | (0.07) | (0.40)

4 004 0.12 548 0.10 107 007 588 6774 062 0.13 380 258 6.82 008 0.92
(0.03) | {0.08) | (037) | {(006) | (0.29) | (0D4) { (043) | (044) | (039) | (0.10) | (0.40) | (0.36) | (0.6Y) | (0.04) | (0.51)

6 0.07 0.13 549 0.09 1.05 0.08 590 6773 0.51 0.09 381 257 6.84 0.05 0.0
(G.04) | (031 [ 027y | (005) | (0.34) | (0.08) | (051) [ (0.26) | (0.40) | (007) | (0.17) | (0.14) | (070} [ (0.03) | (0O6Y)

8 0.09 0.15 552 r0.0B 1.63 0.10 593 67.70 037 003 383 2.56 6.86 004 087
(0.06) | (0.12) | (054) [ (0.04) | (0.19) | (0.09) | (0.29) | (0.49) | (0.30) | (007) | (0.48) | (0.14) | (039) | (002) | (0.40)

10 0.11 0.20 557 0.05 1.01 0.1 6.00 6764 0.23 0 386 250 6.89 0.02 0.86
(007) | (Q11) | (041) | (003) | (0.46) | (0.07) | (0.36) | (0.49) | (0.16) {0.40) | (0.38) | (0.48) | (0.07) | (0.43)

# Values are means of lriplicale determinations and percentage coefficient of variation I1s given in parenthesis.
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