
Changes in Dielectric Constant as a Measure of Frying 
Oil Deterioration 
C.W. FRITSCH. D.C. EGBERG, and J.S. MAGNUSON, General Mitls, Inc., 
James Ford Boll Technical Center, 9000 Plymouth Avenue North, 
Minneapolis, Minnesota 55427 

ABSTRACT 
A soybean oil, a hydrogenated vegetable frying 

shortening and an animal-vegetable shortening were 
heated at 190 C for 8 hours each day for 4 days with 
and without  the frying of potatoes. Samples were 
taken periodically and analyzed for various changes 
normally used to measure frying oil deterioration. 
The changes in the dielectric constant  were deter- 
mined with a patented instrument called the Food Oit 
Sensor, This instrument is standardized with a sample 
of the fresh oil, and it then measures the change in 
the electric capacitance of  the heated oil samples. The 
dielectric constant of all three shortenings increased 
linearly with heating time. The greatest change oc- 
curred m the soybean oil sample and the smallest 
change in the hydrogenated vegetable shortening, For 
each shortening the increase was somewhat greater 
during frying than during heating without frying. 
StatisticMly ~ignificant correlatinna were obtained be- 
tween instrument readings and increase in the total 
potar materials, the color, the peroxide values, the 
diene content ,  and the free fatty acids and the 
decrease in the iodine values. 

INTRODUCTION 
Dunng deep fat frying, oxidation and hydrolysis occur 

in the frying shortening which changes its functional, 
sensory and nutrit ional quality. I low long a frying shorten- 
ing can be used to produce a high quality food depends on 
a number  of  factors (1,2). For example, a liquid vegetable 
oil high in polyunsaturates will deteriorate more rapidly 
than a hardened vegetable shortening. A frying shortening 
wi:l deteriorate less rapidly in a fryer which has a sm~dl 
surface area than in one which holds the same volume but 
has a larger surface area (3). In most food-frying operations, 
some or all of the shortening in the fryer is dumped and 
replaced with fresh shortening at some point in time. 
Various criteria are used to judge when the shortening 
needs to be dumped,  In a restaurant, the shortening may be 
dumped when the color becomes too dark, when iv foams 
or smokes too much, when the odor of the smoke becomes 
too strong, or when the food has a greasy texture or odor. 
In a food-processing operation, where laboratory analysis 
can be carried out, judgment  may be made on the shorten- 
log's viscosity, acidity, content  of earbonyls or conjugated 
double bonds. Unfortunately ,  none of  tim above criteria are 
completely satisfactory, especially when differeat  foods are 
prepared in the same operation or when the shortening used 
varies in its composi t iom Deterioration of frying shorten- 
ings can also be measured by its polymer  content  (4,5) or 
total polar content  (6); however, these methods are no t  
routine quality control  procedt~res. The dielectric constants 
of most fresh edible fats and otis or their free fatty acids lie 
in the range of 3.0 to 3.2 (7). The more saturated fats arc 
on the lower end of this range and the more unsaturated 
oils on the upper end. Cis and trans isoniers of the same 
fatty acid have the same dielectric constant  (8). l Iydroxy 
fatty acids such as those of castor oil have a dielectric 
constant of ca. 4.0 (9). Oxidation increases the dielectric 
constant of oils through the introduction of polar groups 

(10). Changes in the dielectric constant have been used to 
study the oxidation kinetics of oleic acid (I 1). Northern 
instrument Corporation (6680 North Highway 49, Lind 
Lakes, MN 55014) has developed an instrument called the 
Food Od Sensor, which measures changes in the dielectric 
constant of insulating liquids. The instrument is a small 
compact unit which can be operated by anyone after 
reading a few simple instructions. Chartges in the instru- 
ment  respc>nse were compared to other analytical values 
obtained on oil samples collected during rite frying of 
potatoes in three different shortenings. 

EXPERIMENTAL PROCEDURES 

Frying Experiments 
Twice each day Russet potatoes were peeled and pressed 

through a die with 8 • 8 mm openings. The raw French 
IMes were stored in could water until used for frying. About 
2500 g of shortening was placed in to  a 5 quart deep fat 
fryer. Controls were adjusted to maintain a shortening 
temperature of 190 C, About 45 rain after the heat had 
been turned or:, a batch of 1O0 g potatoes was fried for 10 
rain, The temperature dropped to 168 C after about 5 rain 
of  frying, ti~en started to rise again. Before the next batch 
was fried, the temperature returned to 190 C. Two batches 
were fried each hour for 8 h hr each day. At t::e end of the 
day the heat was shut off and samples taken, This p r o -  
cedure was repeated each day for four days. At the end of 
the second day, 500 g of fresh shortening was added to 
maintafn a good frying level. On the fifty day, the shortm~- 
ing was heated to 190 C and allowed to remain at that 
temperature for 8 hr without any frying. 

The following week, fresh shortening was heated in the 
same manner but no frying was carried out. 

Instrument Measurements 
A food Oil Sensor, Model NI-20 was used. The instru- 

anent is a patented device for detecting, measuring and 

TABLE I 

F a t t y  A c i d  P a t t e r n  o f  S h o r t e n i n g s  U s e d  f~rr F r y i n g  E x p e r i m e n t s  

F a r t  y P e r c e n t  in 

a c i d  S B O  a H V S  b A V  g e 

1 2 : 0  --- .4 
1 4 : 0  .3 .3 4 . 1  
1 6 : 0  1.2.4 1 2 . 0  2 6 . 9  
1 6 : 1  .1 .2 4 , 6  
1 7 : 0  . . . .  1.5 
1 7 : 1  . . . . .  .8 
1 8 : 0  4 . 4  1 1 . 7  17 .6  
1 8 : 1  23 ,1  70 .6  3 8 , 0  
1 8 : 2  52 .2  2.5 4 . 0  
1 8 : 3  6 .9  .6 ,-- 
2 0 : 0  .1 .5 .6 
2 0 : 1  . . . .  1.2 
2 0 : 4  . . . . . .  ,7 
2 2 : 0  .5 1.3 .-- 

a B l e a e h e d  a n d  r e f i n e d  s o y b e a n  o i l .  

bHydrogenated vegetable frying shortening. 
cAnimal-vegetable shortening blend. 
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T A B L E  11 

I n s t r u m e n t  R e s p o n s e  t o  S o y b e a n  Oil  S p i k e d  
w i t h  Va : r Jous  C o m p o u n d s  

C n m p o u n ~ t ~  a d d e d  Or,~ 

I n s t r u m e n t  r e a d i n g  a t  c o n c e n t r a t i o n  o f  

t% 2% 3% s% 6% 10% 

O l e i c  a c i d  4 . 0  4 . 0  --- 3 . 9  --- 3 . 6  2 . 9  
? a l m i t i e  a c i d  4 , 0  3 .9  --- 3 . 8  - -  3 . 4  2 . 8  
L a u r i e  a c i d  4 . 0  3 . 9  --- 3 . 8  --- 3 . 6  3.1 
O c t a n o i c  a c i d  4 . 0  4 . 0  --- 3 . 9  - - -  3 . 8  3 . 6  

G l y c e r y l - 2 , 3 - d i p a l m ~ t i n  t ,OO --- 1 . 3 2  1 . 8 q  . . . . . .  
G l y c e r y l - 1 , 3 - d i p a l m i d ,  1 . 0 0  - -  1 , 2 8  --= 1 . 7 0  . . . . . .  
G ~ y c e r y l - l - m o n o p M m i d n  1 . 0 0  - -  2 . 1 2  --- 3 . 8 7  . . . . . .  
G I y  c c ry l -  2 - m  ono ,p  t a m i f i n  t . 0 0  - -  1 . 9 7  --- 3 , 4 3  --- 
M o n o o l e i n  ( T e c h n i c a l )  1 . 0 0  --- 1 . 9 3  --- 3 . 3 6  --- 

reporting small changes in the dielectric constant of insulat- 
ing ]iqmds. A i~:w drops of the test tiquid are placed in an 
open type test cell which has a heater  ;rod ~emperature con- 
troller. The bot tom of the cell is formed by two coplanar 
electrodes imbedded in a Jew perrnittivity, insulating 
matcriai. The electrodes are comleeted to a comparison 
circuit designed to be optimally sensitive to small changes 
m electrical capacitance. The comparison circuit contMns a 
variable capacitor for balancing tile capacitance of the test 
cell and a null meter for detecting this balance condit ion.  

Since the dielectric constant varies somewhat  with 
different otis, the ins t rument  must be calibrated with the 
fresh oil o f  the sample to be tested. With a medicine 
dropper, 5 drops of the fresh oil were placed into the 
instrument 's  cup. When a solid shortening was used, 5 to 10 
g were placed into a 30 mt beaker and melted on a ho t  plate 
so it could he put dropwise into the hlstrument.  When the 
liquid in the cup had reached the f~peratlng tempera- 
ture, as indicated by the green light on the instrument ,  the 
"opera te"  but ton was depressed and the instrument  caii 
brated to a 1.0 reading. The ins t ruments  ~;alibratiou was 
rechecked at least once every half hour.  The oil in the cup 
was then removed with tissue paper (Kimwipes). The 
instrument 's  response to test oils were then determined, For  
room temperature oil samples, about 30 see. were required 
to reach the operating temperature.  For hot pits taken from 
the fryer, the temperature light came on immediately but 
went off and on several times for two to three minutes 
before constant operating ~emperature was reached. 

Foam Height 

A 250 m] graduated cyhnder (35 mm id) cu tof f  at the 
bo t tom was lowered into the hot  oil so that it almost 
touched the bot tom of the fryer. The reading on the 
surface was recorded. Raw potato slices were cut with an 
apple cutter to obtain disks 25 mm in diameter arid 10 m m  
in height. A potato disk was dropped into the cylinder 
when the shortening temperature was 190 C. TEe maximum 
foam height was observed. Each ee mark on the cylinder 
corresponded to one ram. The foam height in mm was the 
final reading minus the initial reading. 

Total Polar Material 

The method used was a modification of the one reported 
by I.P. Freeman (6). About  0.6 g of oil was accurately 
weighed and transferred with 10 ml toluene to a nylon 
column (15 em x 2 cm td) packed to 4.5 cm with Woelm 
neutral alumina activity III. The neutral oil was eluted with 
an additional 30 ml of  toluene. The column was then  
washed with 20 ml of hexane and visualized with UV 254 
nm radiation, The fluorescence was quenched to 0.5 
cm from the origin. The column was cut with a razor and 
the polar material etnted from the first 1.3 cm of alumina 
with 50 ml 85:15 chloroform/methanol .  The washing was 

concentra ted to dryness on a rotova 9 and the residue 
weighed and recorded as percent  polar material. 

Other Analytical Procedures 

AOCS methods  (12) were used for the determination of" 
free fatty acids {Ca 5a40), peroxide values (Cd 8-53), iodine 
values (Cd-25), AOM (Cd 12-57), diene content  (Ti la-64) 
and Karl Fisher moisture (Tb 2-64). Color was measured as 
absorbanec az 420 nm of" one mg off per ml of  isooetsne.  

Shortening Samples 

Fh~ee samples with diffe~rent AOM staNlities were 
selected for this study. For the low stability sample, refined 
and deodorized soybean oil with no antioxidants  w~s used. 
The sampte had an IV of  122.8, an initial PV of 1.3 and an 
AOM of 10 hr. The other  two samples were commerciM 
fr / ing shortenings. The high ~Labili~y sample was a hydro-  
genated vegetable el] which contained dimethyl silicone as 
an antifoamer. It has an IV of  70.2, initial PV of 0.9, a 
capillary mp of 4 t . 0  C, and an AOM of over 200 hr. The 
other  sample was an antruM vegetable blend which was 
found to contain 10 ppm BItA and 30 ppm BHT. It has an 
IV of  49.3, an initial PV of 0.9, a capillary nip of 45.5 C 
and an AOM of  65 hr. The fatty acid pattern of these 
samples as determined by gas chromatography is shown in 
Table 1. 

RESULTS AND DISCUSSION 

Evaluation of Instrument Response 

To obtain reproducible results, the particular instrument 
used required a warm up period of at least 4 hr. About 
eight drops of oil could be added to the cup before it 
overflowed. At least five drops were required to obtain 
reproducible results. Low readings were obtained with less 
sample. 

When the instrument was calibrated to 1.0 with the fresh 
hydrogenated vegetable shortening (HVS), a reading of 1.2 
was obtained for the fresh animai-vegetabIe shortening 
(AVS) and 2.9 for the soybean oil (SBO). Over a two week 
period 17 of such checks weie made by two different 
operators.  For the AVS, the mean was 1A 8 with a standard 
deviation of 0.06 and a range of 1.l to 1.3. For the SBO, 
the mean was 2.88 with a standard deviation of 0.16 and a 
range of 2.6 to 3.1. 

To avoid recalibration of the instrument  whenever one 
of  these different oils were measured consecutively, the 
calibration was done with HVS, which had the lowest initial 
reading. To determine if the measurements on the other  oils 
could be adjusted by subtraction of the initial differences, 
the linearity of  the instrument  was checked. Using HVg, 
the reading was set with the cahbration switch to different 
points over the entire scale and each time corresponding 
measurements made for the other two samples. It was 
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FIG ~. Increase in :ns~rurncnt readings dunng !he frying of 
polacoes ts{~lid lines) and heating without frying (br~kcn L~c~,) of ;~ 
soybean ell ISBOI, of aa anirnal-~'egetable 5h~lrlelli!lg blr IAVS). 
a:!~t of a hydrogenated vegetable shor:r I HVS). 

found th,~t t,etween 1 and ? theinstrun~ent ' s  response was 
linea~. A lineax response was also obtained when 6 samples 
of  SI30 w~t2', different amounts of monaoteir.  (technical 
grade) were checked. 

The rcgresslon equation was: 

IR -- 0.477 C + 0.074 
where: 

IR - [nsfrumenl readit~g and 
C - per cer,t moru:.olem in SBO. 

"['he ctq|ei~ttof~ coefficient was 0.9957. 
The mst~ument response to SBO spiked with other  

m o t e -  and dtglyccrides is s~own in Table II. When fatty 
acids up to 1% were added to SBO, no significant change ira 
*~he h~strument readings were observed" however, higher 
concentrat ions resulted in a negative response as shown in 
Table II. When glycerine was added to SBO, an lnurease in 
the instr~:ment readings was obtained,  b-at the rea.qings ,~,ere 
not r~:producible. With 0.2% glycerine dispersed in SBO the 
reading increased from 1.0 to somewhere between 2 and 3 
and wilt', 0.4')i t.~ hetween 5 and 7 After the glycerine-oil 
m/xlures were allowed to s:and far two ddys, sample l :om 
l.he lop of lhe vials gave no increase m tl3e instrument 
~esp~n;se; h:~wevet, after the vials were shakcn, the higher 
lea:lir~gs V~le again obtamed which ir.dicates a solubtliw 
problem. Nu change ia the mstrument  reading was obtair.ed 
when 100 ppm dimethyl  silicone or 20(I. ppm each BHA 

and Bt[T were added to SBO. 
During the AOM determination of  safflower oil samples, 

mstrumenl, check.~ we[e car.,led out on the samples removed 
i r e s  the tubes for peroxide value determinations. With a 
reacmg of 1.0 for the fresh safflower oil, samples wit?t a PV 
of 60 gave a reading of t/4. PV of 90 -+ 2.1 and PV of 110 a 
2.5. When the polar material isolated daring the determina- 
tion of toraJ pole r materials was mi• wilh fresh s e e ,  an 
increase in the ins:rumer'l re.,-mnse was obtained. 

During the fry!as experimer~t, msttume~l', readi:~gs were 
taken at frequent intervals, it was :mticed that when 
measurements weie made on samples taken ca. 3 ntin after 
immersing a batch of potatoes,  the values were from 0.7 tc 
1.3 higher .=l~.an when they were rechecked 10 s i n  after the 
potatoes ned been removed from the fwer.  NO Ngnificard 
differences were obtained in readings between sample~ 
taken from the fryer between 10 and 6..0 m!n af tera  b,qtch 
of l~otatoes h a d  been fried. I t  is ;IS<.HT:~d l h a l  ll,e higher 
readings were due to a somewhal ~ea le r  nioisitl~e coFlerll 
of the oil during the f~ying compared to after frymg 
Samples for analysis and correspondixg ia~stru,ncnt readutgs 
were taken 15 s i n  after the temple : ion  of frymg, h was 
als~ observed that SBO m a beaker whi.zh had sat open all 
da> on a hur:dd day gave a reading of 0.3 highe: than when 
a tmrli(m ~f tl'is o:J~ was placed rote another  beaker and 
heated re! 20 mm at 80 C. 

Frying Experiments 
In FigLtre 1, the increase J.n instrument readings dr:ring 

the lrying of  potaloes m tile 3BO, m the AVS, and in the 
HVS, which in the tra;le is often referred to as "heavy d'aty 
frying ~hortening," ate s h o w n  From experience, one wauld 
expect the .',;B() 1o show the greatest deterioration and the 
HVS the leasL. T!te in~Lrumet~l read.rigs followed the sa:ne 
pallern. The :ncrease in the inslrt~n|ent readings with 
respect t~ frying time was linear fc.r all three ~ht~lterings. 
Regression ana'ysis of hoar~ of frying to instrument cead- 
!ng~ gave correlation coefficients above 0.98. 

The increase in instrulaent reading.-, d m m g  l~J.ng corn- 
dared to just heating without  ."tying was almost the same 
for the hyd,c.genaled vcgelable shortenicg, slightly higher 
l'or the soybean oil, and much higher for the ammal- 
vegetable iclend (fig.  1). Si:nila| lesults were obtained from 
the analy;.is cf  the total polar :natmials. [ 'he g~eater dif- 
ference in the detericratmn of the a s se t -vege tab le  shorten- 
ing during frying than during just hcatlng is attributed at 
Ica-I m part to tile BIIA and BIIT in this sample. Darkng 
heatmg, these antioxidants provide protection: however, 
du:irg frying the anitox!danis are rapidly los ~. by steam 
distillation. 

in Table lIl, the increase in the instrument reading is 
compared 5o other analyticM procedures frequently used 
for n:easuNng frying oil deterior~lmn. The firsl seclions in 
these tables compare the rest:Its obtained d , r ing  lhe four 
days (32 hr~ of frying pe ta tees  at 190 C The second 
sections compare the results o5 t;~e four days of frying plus 
an addit!nnal eight hours of heating with no L=ying. The 
third s ee i o n  ~]k~v~,~ ll~.e 1esul's o-~t~ned of the fiesh ai.s 
healed in the same 5rye:s at Lg0 C without fryix~g and 
compares tkc resulls obtained in all three of tlaese treat- 
: tents.  As cat" be seen, the correlations between ins t runent  
measurements and ~he other  analytical procedures were 
vel~" high anti most of them statistically s'gniEcant. 

Re~ression analyses were a2so carried out between 
instrumen: readings and other analyt:,eal pr,~cedure~ com- 
bir~in~ the rest:Its obta2ned fr:~rq the three different shorten- 
ings deteriorated Ooth by frying of pctazoes as well as by 
heatir.g without tryint, (Tab, In IV). Total polar materials 
yielded the highest correlation Iolh~wed by the decrease ii: 
iodine values. Th:.s indicate~ that ox-da;ion p~oducts are 
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TABLE lit 

Amalytlcal Result s 

Free Dieaes Color Total polar Foam 
Instrument fatty Peroxide % dienoic absorbauce material beight [odine AOM Moisture 

Treatment reading acid~ value acid at 42 0 am % mm value hr, % 

A. Soybea r l  oil  

F r e s h  ~i l  1 .0  0 . 0 2  1.3 . 4 0 0  .21 2 .8  4 0  1 2 2 . 8  10 .35  

F r y i n g a - - 8  h r  2 .7  .11 1 6 . 9  . 6 2 3  1 .01 8 .5  ~0 . . . . . . . . .  
F I T i n g - - 1 6  lqr 4 .1  . l  8 2 1 . 9  . 6 6 6  2 . 0 3  14.1 S0 .121,0  8 .0~ 
F r y i n g - - 2 4  h r  5 .3  .2q 2 1 . 3  , 6 6 9  2 . 8 7  17 .1  80  1 1 8 . 3  . . . . . .  
Fr  y i n g - - 3 2  hr  7 .0  .30  2 2 .9  . 6 9 0  4 , 3 1  2 1 . 2  80  . . . . . . . . .  

r b ~ . 9 8 5 " * *  . 8 5 4 "  . 8 4 5 *  . 9 9 4 * *  . 9 9 4 " *  . 9 1 3  *~" - . 9 3 4 " *  

Fr  ~ lug + h e a t i n g  c 8 .0  . 3 9  18 .5  , 7 1 3  7 . 4 8  ~ 6 . 8  --- 1 1 2 . 6  18  . t S 

rb = . 9 9 1 ' *  . 7 2 0  . 8 4 5 "  . 9 4 0 * *  , 9 9 5 * *  . . . .  , 9 5 3 * *  . . . . .  

H e a t i n g d - - 1 6  h r  3 .6  .11 12,1 . 6 4 5  .55  13 .4  --= 1 2 1 . 5  8 --- 
H e a t i n g - 3 2  h r  6 .1  .17  9 .9  . 6 6 2  1 . 0 4  21 .S --- 1 1 4 . 7  8 - -  

r b = . 9 3 1 " *  . $ 9 9  . 8 1 9 "  . 8 2 ~ * *  . 9 8 9 " *  - , 9 3 8 " *  . . . . .  

B. F l y d r o g e n a t e d  v e g e l a b t e  s h o r t e n i n g  

F resh  oil  1 .0  ,0~ ,9 . l I l  . 0 8  3 . 7  313 7 0 , 2  2 0 0 +  . 0 t  
F r y i n ~ a - - $  h r  1+4 . 0 8  1.9 , 1 5 2  . 5 8  4 . 8  4 0  . . . . .  
F r y i n g - -  16  h r  1 .6  ,17  2 .4  . 1 8 3  .85  5.0 3 s  6 9 , 3  1 6 0  .02  
F r y i n g - - 2 4  h r  1 .5  . 2 8  3 .4  . 1 9 4  1 .08  5,5 4 0  6 9 . 7  . . . . .  
I,'.ryi~g 32 h r  2 .0  . 3 8  3 .9  . 2 2 4  1 , 4 2  7 .6  2 5  . . . . . . . . .  

r b = . 9 6 S * *  . 9 9 1 " *  . 9 9 5  *~ , 9 9 8  ~* . 9 1 7 " *  - . 1 2 0  - . 7 6 3  . . . .  

F r y i n g  + h e a t i n g  c 2 .4  . 36  5.1 . 2 4 6  1.51 8.5 --- 6 9 . 3  t 8 . l  9 

r b =  , 9 3 8 ' *  , 9 9 S * *  . 9 8 9 * *  , 9 7 6 " *  . 9 5 9 * *  - -  - . 7 9 7  . . . . . .  

H e a t i n g C - 1 6  h r  1.6 .OS i . 9  AgO .23  4 , 5  --- 7 0 . 4  1 3 0  - -  
H e a t i n g - 3 2  h t  2 .1  . 09  2.2 . 2 0 8  .39  7 .3  --- 6 9 - 6  80 --- 

r b = . 7 2 3  . g S g * *  §  . 7 1 7  . 9 4 5 * *  --- 0 . 6 4 8  . . . . . .  

C. An t ruM-vege tab l e  b l e n d  s h o r t e n i n g  

F resh  oil 1.0 . 05  0 .9  . 391  ,04  3 . 0  4 5  4 9 . 3  65  .11 
F r y i n g  a $ hr  1.9 . 16  '7.S . 4 2 6  126 ~ l 0 4 0  . . . . . . . . .  

F r y i n g - I  6 h r  2 .8  . 32  1 t .5 . 4 9 0  .53  1 1 . 0  30  4 6 . 4  ] 5 .31 
F r y i n g - - 2 4  h r  3 .7  . 50  12.~ , 4 7 6  . q 4 . 7 4  13 ,4  4 0  4 6 . 3  . . . . . .  
F r y i n g - - 3 2  h r  4 . 8  . 7 8  14 .5  . 4 6 3  1 .06  16 .5  30  . . . . . . . .  

r b = . 9 9 1 " *  . 9 3 7 ' *  . 7 3 9  . 9 9 9 * *  . 9 9 2 " *  - , 7 l l  0 . 9 5 4 * *  . . . . . .  

F r y i n g  + h e a t i n g  e 613 ,85  8 .2  . 4 4 6  1 . 6 7  1 9 . 6  4314 l 5 , 25  

r b = . 9 8 3 " *  . 5 6 7  . 4 8 0  .99  ~-** . 9 8 7 * *  - . 9 8 3 * *  . . . . .  

H e a ~ i n g c - - 1 6  h r  2.'2 . 13  6 . a  . 4 6 3  . l  7 6 .S --- 4 7 . 7  15 --- 
H e a t i n g - 3 2  h r  2 .7  2 3  5.8 . 4 9 6  . 3 6  9 . 0  --- 4 7 . 2  10 --- 

r b = . 9 7 4  *"~* . 5 9 8  ,31~ . 9 8 6 " * *  , 9 8 4 " * *  . . . .  . 9 8 S * ~  . . . . . .  

aTe'tel hears of frying two 100 g batches of raw potatoes per hour in 2500 g oi~ at 190 C during the day and turning off heat at night. 
bcnrrelation coefficient between all of the above analytical results and instrument readings. 
eAFter frying potatoes for four days~ the shortenings were heated for g hours with no frying. 
dTnta! hours of heating freah shortening in fryer with no frying, 
*Significant at 5% level. 
**Significant at 1% level. 

primarily responsible for the observed increase in the 
dielectric constant.  

Peroxide values are generally not  used to measure frying 
oil deterioration. Peroxides are very unstable at frying 
temperatures;  however, the extent  of  oxidation which has 
occurred during frying is reflected by the rate of peroxide 
formation after the sample is taken and allowed to cool 
before analysis. In this study the manner in which the 
samples were taken and the time elapsing before analyses 
was the same for aU samples. 

Free fatty acids yielded a much lower correlation when 
the regressior~ was carried out on the combined data than 
on the data for each individual shortening. This is not 
unexpected,  educe the rate of  free fatty acid increase was 
much greater for the AVS than for the other  two shorten- 
ings. Acids during frying a r e p r o d u c e d  by both  hydrolysis 
and oxidation. The rate of  hydrolysis can vaty between dif- 
ferent lots of  the same shortening, between different typez 
of  shortenings, and is affected by the initial free fatty acids 

of  the shortening (13). As the spiking experiments  have 
shown, free fatty acids up ~o 1% have no effect on the 
instrument reading. The menu-  and diglycerides formed 
during hydrolysis wilt increase the hnstrument reading; 
however, it we, calculated that  1 70 free fatty acids and its 
corresponding mono-  and d~glyeerides produced by hy- 
drolysis would increase the instrument  reading by not  more 
than 0.4. The high correlation between free fatty acids and 
instrument reading obtained for each individual shortening 
was therefore an indirect correlation due to the simultane- 
ous increase of oxidation products.  An estimate of  the 
formation of  acids from oxidation was obtained by compar- 
ing the free fatty acid values obtained during the heating to 
that obtained during the frying. For  SBO about half~ 
for the AVS about  one-third,  and for the  HVS about  
uric-fourth of  the acids produced during frying were due to 
oxidation. 

Foam height was found to be a rather poor  measure of 
frying oil deterioration. With the SBO the foam h e i g h t  
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TABLE IV 

Correlation between Instrument Response and Other 
Analyses of the Combined Bate of Three Shorteningx 

'with Different g|abilities Deteriorated Both by Frying 
Potaloes and by Heating witko~t Frying 

Number of Correlation 
Analysis samples eoefficiem 

Total polar materi~ls 24 .991 
Decrease in iodine valu~ I g ,947 
Color 24 .'78S 
Peroxide value 24 .773 
Diene content 20. ,745 
Free fatty acids 24 ,569 

should  be mos t  useful for  shor tenings  conta in ing  some 
po lyunsa tu ra t ion ,  The Food  Oil Sensor was found to 
pro'ride these measuremenZs s imply the rapidly;  however,  
some precau t ions  had to be taken to obta in  reliable results. 
The i n s t rumen t  had to be al lowed to stabilize before 
readings could be taken.  When melt ing the fresh sho r t emng  
for  the cal ibrat ion of  the instrumenL, the samples could not  
be Mlowed to  overheat.  Samples could no t  be taken f rom 
the f ryer  while food  was being fried. 
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increased with deter iora t ion.  With the o the r  two ~ o r t e n -  
ings the foam height e i ther  remained  the same or actually 
decreased. 

A lo#ca l  ques t ion  is: at  what  reading is the shor ten ing  
no  longer usable? U nfo r t una t e l y ,  there is no  definite 
answer.  Oxida t ion  of  fats decreases their  nutrRiona~ 
qual i ty ,  bu t  there is n o  consensus  at what  po in t  an oxidized 
fat should  not  be consumed.  The decrease in funct ional  and 
sensory  qual i ty  depends to a great ex ten t  on the type  of  
food being fried. In fo rmal  sensory  evaluat ions  were carried 
out  during the frying. In ~hc op i n i on  of  the tasters,  the 
French  fries p roduced  in shor ten ings  wi th  readings above 4 
were p o o r  quali ty fries, 

Tke results  of  this s tudy  show ed  that changes in the 
dielectric cons tan t  of  oils is a good measure  of  oil deteriora- 
t ion during frying or  exposure  to high t empera tu res  for 
extended periods.  Oxidat ion p roduc t s  were primazily 
responsible  for  this change;  hence,  such measuremen t s  
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