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Summary  

An extensive survey on commercial  frying fats was conducted in Budapest.  It was 
based on sample collection, analysis and questionnaires filled in with each sample. 
Frying fats and oils were collected from restaurants, fast-food services and public 
catering facilities. The quality of samples was assessed by determining their polar 
components.  An evaluation of questionnaires containing over 20 questions yielded 
detailed information on the usage of fats as well as the fryer operators'  habits of 
conducting frying processes and their knowledge on the subject. 

The survey consisted of two periods. During the first period 252 samples were 
collected at random. Quality assessment indicated that 53.6 % of all samples was of 
good quality (with concentrations of polar materials below 25 %) while the rest were 
at the discard point or deteriorated. The second part of the survey was aimed at a re- 
check of the places where fat had been found deteriorated. Second samples were 
obtained from 53 establishments. The results showed an improvement  both in 
operating conditions and quality of frying fats. 

Based on the results, the necessity of instructing fryer operators and introducing 
regulations and routine quality testings of frying fats became obvious. 

Zusammenfassung 

In Restaurants, Imbi]3stuben und GroBkfichen in Budapest  wurden zahlreiche 
Proben kommerziel ler  Fritierfette en tnommen und gleichzeitig Fragebogen, in 
denen zahlreiche Angaben zur Verwendungsart,  zur Herkunft  usw. der Fritierfette 
gestellt wurden, erhoben. Die Qualit~itsbeurteilung der Proben erfolgte fiber die 
Bes t immung der polaren Anteile. Die Fragebogen lieferten ausffihrliche Angaben 
fiber die Belastung der Fet tproben sowie fiber die Kenntnisse der Anwender  yon 
Fritierb~idern hinsichtlich optimaler Frit ierbedingungen. Von den zuerst erhobe- 
nen 252 Proben waren rund 54 % yon guter Qualit~it (Gehalt an polaren Anteilen 
weniger  als 25 %). Die anderen Proben muBten zu einem ganz erhebliehen Tell als 
verdorben bezeiehnet werden. Eine erneute Probenahme in den entsprechenden 
Betr ieben (53 Proben) fflhrte zu etwas besseren Ergebnissen; es zeigte sich aber, 
dab verst~rkte Informationen yon Anwendern  sowie gesetzliche Regelungen und 
regelmaBige Kontrollen der Qualit~t der in Fritierger~ten verwendeten Fette not- 
wendig w/~ren. 

Key words: deep frying, survey, commercial  frying fats, frying conditions, quality 
assessment of frying fats 

I n t r o d u c t i o n  

In  f r y i n g  p r o c e s s e s  fats  a n d  oils  p e r f o r m  f u n c t i o n s  as n u t r i e n t ,  f l a v o u r  
c a r r i e r  a n d  h e a t  t r a n s m i t t e r .  I t  has  l o n g  b e e n  k n o w n  t h a t  in  fats  s u b j e c t e d  
638 
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to ex t ens ive  hea t  abuse  a c o m p l e x  series of  chemica l  react ions,  such  as 
oxidat ion,  po lymer iza t ion ,  hydrolys is ,  i somer iza t ion  and  cyclizat ion (2, 18, 
21) p r o d u c e  a grea t  n u m b e r  of  a l tera t ion products .  As a resul t  of  the  
a c c u m u l a t i o n  of  these  newly  fo rm ed  c o m p o u n d s  dur ing  the frying opera-  
tion, the  funct ional ,  s ensory  and  nutr i t ional  quali t ies of  the  fat are dam-  
aged.  Af ter  a cer ta in  dura t ion  of  f rying the  qual i ty  i m p a i r m e n t  m a y  reach a 
po in t  at  wh ich  the  oil has  to be  r ega rded  as deter iorated.  

I t  the re fo re  b e c a m e  i m p o r t a n t  to s t udy  the  chemica l  and  nutr i t ional  
p roper t i e s  of  used  f rying fats (1, 3, 4, 12, 19, 23, 25). Most  types  of  decom-  
pos i t ion  p roduc t s  have  been  isolated and  ident if ied (12, 23, 25). S o m e  of 
these  c o m p o u n d s  (for ins tance  those  of  a cyclic s t ructure)  a p p e a r e d  to 
have  h a r m f u l  effects  in an imal  e x p e r i m e n t s  (1, 6, 15). S tudies  on the  
the rmos tab i l i t y  of  d i f ferent  fats s h o w e d  tha t  the  ra te  and  ex t en t  of  degra-  
da t ion  d e p e n d s  on the  compos i t i on  of  fat  (highly unsa tu ra t ed  fats be ing  
m o s t  suscep t ib le  to b r eakdown)  and  the  t ype  of  fried food as well  as the  
opera t ing  condi t ions  (10, 13, 19, 24, 27). Based  on the  resul ts  of  these  
s tudies  a t t e m p t s  have  been  m a d e  to adjus t  op t imal  f ry ing condi t ions  in 
o rder  to e x t e n d  the  length  of  t ime  a ba tch  o fo i l  is su i table  for use  (7, 11, 19). 

M u c h  w o r k  has  been  done  to find adequa t e  m e t h o d s  for assess ing  the  
qual i ty  of  used  f rying fats. A l though  sensory  eva lua t ion  in any  food 
opera t ion  is an  i m p o r t a n t  qual i ty  m e a s u r e m e n t ,  it is unre l iable  for rout ine  
qual i ty  testing.  For  an objec t ive  eva lua t ion  of f rying fats n u m e r o u s  
m e t h o d s  have  recent ly  been  in t roduced .  These  inc lude  rapid  tes ts  for on- 
the - spo t  use  (16, 20) as well  as m e t h o d s  requi r ing  l abora to ry  facilities (9, 17, 
22). 

Cons ider ing  tha t  the  fr ied food abs o rbs  s o m e  of the  fat, it is obvious  tha t  
h igh  qual i ty  foods  can  only  be  p r epa red  w h e n  us ing  a good qual i ty  f rying 
m e d i u m .  In  severa l  count r ies  there  are regula t ions  (7) es tab l i sh ing  cut -off  
levels  (most ly  25-30 % of  polar  mater ia ls)  to indicate  tha t  a f rying fat  is 
de te r io ra ted  to the  d iscard  point .  

In  Hunga ry ,  as in o ther  countr ies ,  deep  fat f rying has  w o n  increas ing  
popular i ty .  However ,  there  are as ye t  ne i ther  any  regula t ions  conce rn ing  
f ry ing fat  qual i ty  nor  rout ine  qual i ty  tes t ings  of  c o m m e r c i a l  f rying fats. 
The re fo re  it a p p e a r e d  to be  of  in teres t  to u n d e r t a k e  an ex tens ive  su rvey  on 
the  subject .  The  p u r p o s e  of  the  su rvey  was  to inves t iga te  the  degrada t ion  
s ta te  of  c o m m e r c i a l l y  used  oils and  fats as well  as to obta in  as m u c h  
in fo rma t ion  as poss ib le  on the  opera t ing  condi t ions  u n d e r  which  f rying 
p r o c e d u r e s  are usua l ly  conduc ted .  This  p a p e r  repor t s  the  exper i ences  and 
resul ts  o f  our  work .  

Organizat ion of  the survey  

The  inves t iga t ion  of  opera t ing  condi t ions  and  qual i ty  of  commerc i a l  
f ry ing fats was  c o n d u c t e d  by  the  Nat ional  Ins t i tu te  of  Food  Hygiene  and  
Nut r i t ion  in coopera t ion  wi th  B u d a p e s t  Sta t ion of  Publ ic  Hygiene.  

Our  s tudies  were  based  on s am p l e  collection, analysis  and eva lua t ion  of  
ques t ionna i res  filled in wi th  each  sample .  S a m p l e  collect ion was  d i rec ted  
b y  B u d a p e s t  S ta t ion  of  Publ ic  Hygiene .  Inspec to r s  of  the dis tr ic ts '  ser- 
vices  of  publ ic  hyg iene  took  the  f rying fat s amples  and  filled in the  
ques t ionna i res  on the  spot.  L a b o r a t o r y  analysis  of  the  s amples  and  evalua-  
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t ion of  the quest ionnaires  were carried out at the National Inst i tute  of  
Food  Hygiene  and Nutrition. The work  was started in April 1983 and 
finished in March 1985. 

S a m p l e  collection 

Collection of  frying fat samples included two periods. The first part  of  it 
was conduc t ed  as follows. Oils and fats used in actual deep frying pro- 
eesses were collected at r a n d o m  from restaurants,  fast-food services and 
publ ic  cater ing facilities in Budapest .  F rom April 1983 until  N o v e m b e r  
1983 a total of  252 samples were obtained from different places. Dur ing  the 
seeond period the inspectors  were reques ted  to take samples f rom places, 
the fat of  whieh  had been found  deteriorated (with concentra t ions  of  polar 
c o m p o n e n t s  above 25 %) after the first testing. This repeated sample  
collection was done f rom October  1984 to J anua ry  1985. Of the 117 sites 
concerned  we managed  to obtain second samples in 53 eases. All the 
samples  were  immedia te ly  t ranspor ted  to the laboratory where  they  were 
stored at - 1 0  ~ until  analysed. 

Questionnaires 

The inspectors  in charge of  sample collection filled in a quest ionnaire  
with each sample.  The quest ions were a imed at get t ing informat ion not  
only on the type  and usage of  the frying fat samples but  on the usual  

Table 1. Scheme of a questionnaire. 

1. Sample No. 
2. Date and time of sample taking 
3. Sample origin (including full adress) 
4. Type of fat 
5. Type(s) of food fried 
6. Amount of one food portion (kg) 
7. Initial amount of frying fat (kg or 1)* 
8. Thickness of fat layer in the fryer (cm) 
9. Type, volume and material of the fryer 

10. Mode of heating 
11. Date of the last oil discard* 
12. Frying temperature 

a) Is it controlled?* 
b) What does the operator think the optimal frying temperature is?* 
c) Actual frying temperature (~ 

13. Average daily length of frying (hours/day)* 
14. Cycles of the daily frying process (hours)* 
15. Adjusting of the oil's temperature during short (< 2 hours) breaks in frying* 
16. Storage of frying fat* 
17. Frequency of fryer cleaning* 
18. Frequency of oil filtration or sedimentation* 
19. Replenishment with fresh oil* 
20. Frequency of frying fat discard* 
21. Fate of fat discarded* 

*) Information obtained from the fryer operators without the possibility of being 
verified. 
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opera t ing  condi t ions  as well. The  s c h e m e  of  a ques t ionna i re  is p r e sen t ed  
in Tab le  1. The  original  f o rm in H u n g a r i a n  was  m o r e  detai led,  des igned  to 
be  s imp le r  to fill in. In  order  to ach ieve  this, we  gave  the  poss ib le  answers  
to m o s t  of  the  quest ions ,  so the  co r r e spond ing  ones  were  jus t  to be  circled. 
This  s y s t e m  also he lped  us  in eva lua t ing  the  ques t ionnai res .  I t  should  be  
no ted  tha t  in several  cases,  i n fo rma t ion  ob ta ined  f rom the f ryer  opera to r s  
could  not  be  ver i f ied by  the  inspectors .  The  resul ts  s h o w e d  us  tha t  in these  
cases  qui te  a few answers  ref lected the  opera to r ' s  op in ion  and  not  the  
ac tual  si tuation.  Never the less ,  it s e e m e d  of  in teres t  to pu t  these  ques t ions  
as the  answer s  gave  an idea abou t  the  opera to rs '  " f ry ing  hab i t s"  and  the i r  
k n o w l e d g e  of  op t ima l  f ry ing condit ions.  

Labora tory  analysis  

Quali ty  of  the  c o m m e r c i a l  f rying fats and  oils was  assessed  by  measu r -  
ing the i r  polar  c o m p o n e n t s .  De te rmina t ion  of  the  polar  mater ia l s  was  
carr ied  out  b y  adso rp t ion  c o l u m n  c h r o m a t o g r a p h y  on Kieselgel  60 us ing  
the  D G F  m e t h o d  (17). 

R e s u l t s  and  d i s c u s s i o n  

Ques t ionna i res  and  deg rada t ion  s ta tes  of  the  s amples  f rom the  first  
(collection at r andom)  and  second  ( repeated  collection) per iods  of  the  
su rvey  were  eva lua ted  separate ly .  

Firs t  sample  collection 

The  ques t ionna i res  f r o m  252 frying fat  s amples  col lected at  r a n d o m  
were  t rea ted  as follows. The  ques t ions  were  classif ied into two categories ,  
one  wi th  e m p h a s i s  on the  h is tory  of  u sage  of  the  s amples  and  the  o ther  
conce rned  ma in l y  wi th  the  usual  opera t ing  condit ions.  Certain p a r a m e t e r s  
(for ins tance  fat /food ratio) were  ca lcula ted  f rom answers  for each  sample .  
The  in format ion  was also classified and  for  each  p a r a m e t e r  the  answers  
were  e x p r e s s e d  as the  pe r cen t age  of  total  answers .  Da ta  ob ta ined  f rom the  
ques t ionna i res  are l is ted in Tables  2 and  3. 

Dis t r ibu t ion  of  i n fo rma t ion  on types  of  fat  and  food (Table 2) reflects  
deep  f ry ing aspec ts  of  H u n g a r i a n  cuisine.  The  m o s t  c o m m o n l y  used  edible  
fats are lard, sunf lower  oil and  r apeseed  oil as well  as thei r  mix tu res .  
A m o n g  fr ied foods b r e a d - c r u m b e d  cutlets  (Wiener Schnitzel),  fat-r ich 
par t s  of  pork,  F r ench  fries, hingos (Hungar ian  special i ty  s imilar  to dough-  
nu ts  wi th  the  d i f ference  tha t  it is m a d e  of sal ted pas te  shaped  th inne r  and  
f lat tened)  and  d o u g h n u t s  are the  m o s t  popular .  Mixed  subs t ra tes  (for 
ins tance  F r e n c h  fries and  meat )  are of ten fried in the  s ame  ba tch  of  oil. Fat] 
food rat io and  th i ckness  of  fat  layer  va ry  great ly  and  d e p e n d  ma in ly  on the  
t ype  of  food fried. Most  f ryers  are a lumin ium,  iron or s tainless steel  pans  
hea ted  by  gas. Unfor tuna te ly ,  few electr ic f ryers  e q u i p p e d  wi th  au toma t i c  
t e m p e r a t u r e  contro l  are used,  only  abou t  23 % of  the  fryers  were  of  tha t  
type.  Consequen t ly ,  the  ac tual  f rying t e m p e r a t u r e  was u n k n o w n  in m a n y  
cases. Fo r  as few as 32.5 % of  the  s amples  could we  obta in  t e m p e r a t u r e  
va lues  ( some of  t h e m  m e a s u r e d  b y  the  inspectors) ,  a b o u t  one  third of  
wh ich  were  h igher  than  the  op t ima l  range  f rom 160 to 180 ~ 
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Data  l isted in Table  3 p rov ide  in fo rmat ion  on the  opera tors '  " f ry ing 
hab i t s"  and/or  the i r  k n o w l e d g e  of op t ima l  f rying condit ions.  As to f rying 
t empe ra tu r e ,  in near ly  70 % of  the  k i t chens  it was  not  control led  at  all and  
a b o u t  ha l f  of  the  opera tors  did not  even  have  an idea a b o u t  op t ima l  
t e m p e r a t u r e .  Average  length  of  f rying (hours/day) and  cycles of  the  daily 
f ry ing p rocess  were  variable,  d e p e n d i n g  mos t ly  on the  p lace ' s  turnover .  As 
regards  condi t ions  of  s torage,  f r equency  of  cleaning,  f i l t rat ion and  oil 
discard,  cont rad ic t ions  b e t w e e n  answers  as well  as thei r  c o m p a r i s o n  to 
deg rada t ion  s ta tes  of  fats m e a s u r e d  in the  l abora to ry  a l lowed us  to con- 
c lude  tha t  a cons iderab le  p ropor t ion  of  answers  had  indicated the  opera-  
tors '  op in ion  ins tead  of the  actual  condit ions.  I t  was  also in teres t ing  to 
learn a b o u t  the  fate of  the  fat discarded.  I t  is well  k n o w n  tha t  deter iora ted ,  
h ighly  a b u s e d  fats are not  sui table  for nutr i t ion,  they  should  be  re jec ted  or 
used  for technica l  pu rpos e s  (19). We found,  however ,  tha t  at the  places  
checked  the  fats used  for h u m a n  nut r i t ion  (prepar ing  meals)  or an ima l  
feed ing  were  of ten of  good  qual i ty  wi th  conten ts  of  polar  mater ia l s  be low 
15%. 

Resul t s  of  qual i ty  a s s e s s m e n t  of  the  frying fat s amples  are p re sen ted  in 
Tab le  4. As d e m o n s t r a t e d  by  the  data, 53.6 % of  all s amples  were  of  good  
quality.  12.7 % jus t  r eached  the  d iscard  point  whi le  the  res t  (33.7 %) were  
found  to be  de te r io ra ted  or h ighly  deter iorated.  

S e c o n d  samp le  collection 

After  eva lua t ing  the  resul ts  of  the  first  par t  of  the  survey,  we  dec ided  to 
u n d e r t a k e  a second  s tudy  on the  places  whe re  the  f rying fat  s amp le s  had  
p r o v e d  to be  de te r io ra ted  (with concen t ra t ions  of  polar  mater ia ls  above  
25 %). The  objec t ive  of  this work  was  to check  w h e t h e r  there  had  b e e n  any  
changes  s ince the  first  s a m p l e  collection. 

Second  s amp le s  were  ob ta ined  f rom 53 places  and  wi th  each  s a m p l e  a 
second  ques t ionna i re  conta in ing  the  s a m e  ques t ions  was  filled in. 

As the  resul ts  we re  to be  d i scussed  in c o m p a r i s o n  wi th  those  of  the  first  
s a m p l e  collection,  da ta  for the  53 places  conce rned  had  to be seIected f rom 
total  da ta  and  eva lua ted  separate ly .  After  evaluat ing  ques t ionna i res  and  
qual i ty  of  the  second  samples ,  h i s to ry  of  usage,  opera t ing  condi t ions  and  
degrada t ion  s ta tes  of  the  s amples  were  compared .  

Table 4. Degradation state of the frying fat samples (data from 252 samples). 

Polar components Distribution of samples Evaluation 
(%) in percent of total 

samples 

< 10 8.7 "1 

10-15 15.5 I good quality 
15--20 15.5 
20-25 13.9 
25-30 12.7 discard point 
30-35 12.3 } 
35-40 6.3 deteriorated 

> 40 15.1 highly deteriorated 
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Table 6. Comparison of degradation states of frying fats from the first and second 
sample collections (data from 53 samples). 

Polar components 
(%) 

Distribution of samples in percent of 
total samples 

First Second 
sample collection 

< 10 - -  13.2 
10-15 - -  9.4 
15-20 - -  11.3 
20-25 - -  15.2 
25-30 4.1 24.6 
30-35 24.4 7.5 
35-40 14.3 7.5 

> 40 57.2 11.3 

The  c o m p a r i s o n  of  the  data  f rom the  ques t ionnai res ,  p re sen ted  in Table  
5, showed  tha t  the  second  t ime  the re  were  sl ight  i m p r o v e m e n t s  for severa l  
p a r a m e t e r s  (such as va lues  and  control  of  f rying t empera tu re ,  s torage  of  
fat, f r e q u e n c y  of  cleaning,  f i l t rat ion and  oil discard),  wh ich  cer ta in ly  
m e a n s  tha t  the  opera to rs '  k n o w l e d g e  of  op t ima l  f rying condi t ions  had  
improved .  This  is conce ivab ly  a t t r ibu tab le  to the  effect  of  ins t ruc t ion  
g iven  by  the  inspec tors  dur ing  the  first  collection. 

C o m p a r i s o n  of  the  va lues  for  polar  c o m p o n e n t s  (Table 6) shows  m u c h  
h igher  qual i ty  for  the  second  samples .  Bes ides  instruct ions,  there  can be  
o ther  reasons  for  this cons iderab le  i m p r o v e m e n t .  In  several  cases,  as the  
inspec tors  a r r ived  accidental ly ,  they  t ook  the  second  samples ,  b y  chance ,  
shor t ly  af ter  the  p rev ious  oil discard,  so tha t  these  fats had  been  used  for a 
shor te r  per iod  than  those  of  the  co r r e spond ing  first  samples .  Qual i ty  
changes  m a y  also be  assoc ia ted  wi th  seasonal  variat ion.  Most  of  the first  
s a m p l e  col lect ion was  done  in s um m er ,  whi le  the  second  was  conduc t ed  
in win te r  w h e n  even  r o o m  t e m p e r a t u r e  is m u c h  lower. At  lower  t em-  
pe ra tu re s  deg rada t ion  of  i m p r o p e r l y  s tored (i.e. not  in a refr igerator)  f rying 
fats du r ing  s torage  m a y  be  slower. 

Conclusions  

There  are severa l  conc lus ions  to be  d r awn  f rom the resul ts  of  our  su rvey  
on  opera t ing  condi t ions  and  qual i ty  of  c o m m e r c i a l  f rying fats. 

Resul t s  for  252 s am p l e s  col lected in the  first pa r t  of  the  w o r k  ind ica ted  
tha t  a g rea t  n u m b e r  of  H u n g a r i a n  f ryer  opera tors  k n o w  too little abou t  
op t ima l  f ry ing condi t ions  (especial ly  abou t  f rying t empera tu re ,  s torage  of  
fat, ideal  t ype  of  fryer,  f r e q u e n c y  of  cleaning,  f i l trat ion and  oil discard),  
wh ich  leads  to i m p r o p e r  usage  of  f rying fats. As a resul t  of  e x t e n d e d  use  
and  wrong ly  c o n d u c t e d  f rying p rocedures ,  the  degrada t ion  s tate  of  f ry ing 
fats was  at the  d iscard  po in t  for 12.7 % of  the  s amples  and  33.7 % of  the  fats 
and  oils were  of  inaccep tab le  quali ty.  This  was observed,  above  all, for  
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small, fast-food services. Only 53.6 % of all samples were found to be of  
good quality. 

The second par t  of  the work  included a repeated sample  collection with 
the aim of  re-checking places where  fat had proved to be deteriorated. As 
to operat ing condit ions,  slight improvemen t s  were observed,  which  was 
p robab ly  due to the effect of  instruct ions given by the inspectors  dur ing 
their  first visits. Quali ty of  the fats was m u c h  better: in contras t  to the 
selected first samples,  49.1% of the second samples were of good quality. 

Based on the results, we though t  it useful  to improve  knowledge  of  
p roper  usage and opt imal  frying condit ions.  In  a t tempts  to achieve this, a 
s u m m a r y  conta in ing  instruct ions on the subject  was drawn up. It  will 
soon be publ ished and dis tr ibuted a m o n g  fryer operators  in Hungary .  For  
improv ing  the quali ty of  commerc ia l  frying fats, besides inst ruct ing 
operators,  it appears  to be necessary  to in t roduce  regulat ions and rout ine  
quali ty testings, too. Therefore,  the results of the survey as well as our  
suggest ion to in t roduce  a regulat ion establ ishing a cut-off  level of  25 % 
polar componen t s  were sent  to the Hungar ian  Ministry of  Health. 

In  a recent  s tudy  (14) we descr ibed analysis of  some commerc ia l  frying 
fats collected in our  survey: all types  of  alteration products  (polymers,  
cyclic fat ty acids, geometr ical  isomers, oxidized polar materials, etc.) 
found  in oils heated in laboratories were also detected in these fats used in 
actual f rying processes.  There  are few papers  repor t ing data  (surveys or 
analysis) on commerc ia l  frying fats (5, 7, 8, 26). We have not  found any 
reports  on surveys including detailed informat ion on the usual  operat ing 
condi t ions  and knowledge  of  the fryer operators  on opt imal  frying pro- 
cesses. Nevertheless,  it would  be o f  interest  to compare  the results of  our  
survey  with similar ones conduc ted  in o ther  countries.  
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