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ot One of the most popular method of preparation food is deep frying
m | in vegetable oils. Unfortunately a lot of them have a very poor ther-
. mostability caused by their chemical comlposition and they detoriate
| very fast. Nowadays, in Poland, fats used for frying have poor quality.
e That of course, causes shortage of time of their suitability to 40 - 60
e-| hours (in our model frying of chickens and potato chips) [1, 2], whereas
. in other reports one can read about 100 or even 300 hours [3]. Disquali-
fication moment of soya or rape oil in continuous chicken and chips
frying appeared very quickly though the temperature was much lower
(135 - 145°C) than mostly applied (180 - 185°C).

During deep frying a lot of degradation products are formed because
of thermal oxidation, hydrolysis and 'polimerization, which results in
off-flavors, darkening and foaming. Most of those compounds may be
consumed with the fried food and therefore become dangerous com-
ponents of consumers’ diet [3, 4, 5, 6]. An increasing level of alkalic

J substances during frying causes the decrease of the interfacial tension
' around the food and thus allows the unpurified oil to get into the meal
[7].

Because of the fact that a request for frying oils increases every
year, there exists a problem of prolonging the period of their use
through purification. For that punpose several experiments have been
done. One of the method for keeping the oils’ quality is a periodical
addition of fresh oil. Amnother procedure of lower degradation of oil
is filtration once a day. During last yeans sevenal investigations have
been done in which chemical adsorbents were applied [8, 9]. Addition
of selective adsorbents or their mixtures improve the quality of oil
by the reduction of the level of free fatty acids and colour compounds.
Of course, one has to remember that the use of some selective adsor-
bents can cause decrease of oil stability.
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Table 1
Changes of physicochemical values of purified rape oil after chicken model frying (I oil)

T
Amount of Colour | Content Colour test*

2 Decrease Iodine Decrease
- o, it
Kind of adsorbent adsorbent (orga % of FFA e of IV of soap with bromo-

(procedure) for 100 g noleptic av) % mg/kg thymol
of oil test) ? of oil indicator

Unpurified oil yellow > 97.85 1725 violet

1. Active charcoal A 9g
silicagel 2g yellow . . 97.71 ! 1.88 green

2. Active charcoal B 3g dull
silicagel 6g yellow £ 95.17 “ dark green

[ dun 1

3. Active charcoal C | yellow E | 9898 { X yellow-green

dark green
4. Silicagel orange A . 9898 with “violet

glimmer

dark green
. Diatemaceous earth 3 with violet

glimmer
6. Cellite i B 4 dark green

7. Bleaching clay
Active charcoal
Silicagel

. No chemical adsorbent

- degumming 75% H,PO,

- deacidification 4% NaOH
with heating

- rinsing with 1% NaCl

- rinsing with H,0

— miscella phase 60% w/v
in hexane

- active charcoal

|

* yellow colour — rape oil i
violet colour—oil not for frying application




EXPERIMENTAL

Materials
Subjects of investigation were:

“]” — Universal rape woil, distributed by Kalisz Koncentrated Food
Processing Plant ,,WINIARY” (PN.86/17-86908) applied to chic-
ken model deep frying.

“II” — Universal rape oil (as above), taken from a restaurant after
frying about 80 batches of chips in Predom-Zelmer frying
pan equiped with thermostat, and then applied for deep frying
of sausages.

Analytical methods for monitoring the quality of oils

— determination of free fatty acids (%0 FFA) according to AOAC (10);.

acidic value (AV)=%o FFA X1.99,
— determination of iodine value using Hanus method (PN-60/A-89914),
— determination of soap content (PN-70/A-86925),
— spectrophotometric determination of general colour of oil samples
(BIN-86/8050-30),

— measurement of viscosity at 40°C with Hoppler viscosimeter,

— determination of fatty acids composition using gas-chromatography
AOAC (10),

— bnomothymol blue colour test [1].

The efficiency of used adsorbents was expressed in percentage as the

decrease of those values after whole purification procedure.

Kinds of adsorbents

a) powdered charcoal,

b) silicagel (from Schuchardt Munchen, 50 - 100 mesh),

¢) diatomaceous earth,

d) bleaching clay Miltar-Standard,

e) cellite as the filtration aid material.

Purification procedures

100 g samples of oil I after model frying were weighed in 250 cm?
beakers and stirred at the temperature 70 -80°C for about 30 min.
with different adsorbents or their mixtures according to following op-
tions:

1) Oil with the addition of active charcoal and silicagel — 9% and

2/a w/w, respectively.

2) Oil with the addition of active charcoal and silicagel — 3% and

6% w/w, respectively.

3) Oil with the addition of active charcoal in amount of 9%/ w/w.

4) Oil with the addition of silicagel in amount of 2% w/w.
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Purification stages

1. D{mctly after” i'rying

% FFA

335

2. Degumming with concen-
trated H,SO, (0,5% v/v)
with heating "

- desaponification with
concentrategd NaOH in
miscella phase with
hexane at 70°C

— hot rinsing with 1%
NaCl

- hot rinsing with H,0O

- removing of hexane

3. - boiling with blenching
clay
— filtration through
Cellite under vaccum

48

3,13

5) Oil with the addition of diatomaceous earth in amount 5% w/w.
Another procedures are shown in table 1 at No 8.

Sampe oil II, taken from restaurant had a very high content of free |
fatty acids (%0 FFA'=3,35, AV=6,67) several times more than accepted
by morms (AV=1-2). The oil was burnt and therefore purified by de-
guming, dewaxing deacidification and miscella refining in hexane pha-
se. In that results of work of Bhattacharyya and coworkers have been
applied [11]. The specified stages of clearing procedures of restaurant
oil and the appriopriate values of basic figures are presented in table 2.

Table 2
Stages of purification of II oil
P ”d;cr:‘r‘e;se ‘b;r;xide iodine decrease
of FFA% | value (PV) | value (IV) | of IV %
T 32 787 =
6,6 1,9 88,8 —-128
18,2 1,6 83,75 —64

2,70

RESULTS AND DISCUSSION

Complete process of clearing of the oil II, consisted of absolute pre-
cipitation of all soap, deviding the layers after rinsing, heating with
adsorbent under the condenser, spinning and dribbling, almost in every
case lasted very long (about 10 days). Of course it was also very hard
to avoid degradation and desorption processes which may take place.

Efficiency of the method, expressed by decrease of % FFA, is also
unsatisfied. Peroxide value (PV), applied in fat industry as the deodo-
ration efficiency indicator [13] did mot reach the value PV=0 (table 2).
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Recovery of oil after all stages and expelling of hexane under va-
cuum reaches only about 50%.

Deacidification in miscella stage did not give the expected results
— similar to those obtained by Bhattacharyya and coworkers [11], who
converted the 30% FFA rise oil into a low amount of unsaponificable
matter edible oil.

Ad far as oil I after the model frying is concerned, application of
different adsorbents caused reduction of FFA, soaps and colour. Im-
provement of each value after the process was calculated for each pa-
rameters in percentage of decrease after purification procedure. It can
be pointed out, that the best results were obtained for first three ad-
sorption mixtures — procedure A, B, C (table 1), in which the addition
of active charcoal and silicagel was applied. Decrease of FFA by 40%
and soaps by 89% was obtained for 9g charcoal and 2g silicagel mix-
ture per 100g of oil (table 1). Decrease of oil basicity was supported
by colour test, in which an evident colour change of bromothymol blue
indicator was reported (from yellow to green).

Spectrophotometric test of genmeral colour also showed a significant
improvement of this feature after purification (table 3).

Table 3
Spectrophotometric measurement of general colour of purified I oil (UV - VIS)
Absorbance = Absorbance = General Iodine
Kind of purified oil =460 nm =668 nm colour ik
(21,8 cm™ ! x 10%) | (15 cm™! x 103 G
1. Coarse oil ready for
purification (46 h) 024 e g2 !
2o Ol g SO ACUYERE 0.055 0.02 75 28
charcoal +2 g of silicagel
3. Oil+3 g of active o 0.05 0.04 9 13
charcoal + 6 g of silicagel
4 QlLE9, g9l actye 0.065 0.04 105 35
charcoal
5. Oil+5 g of diatemaceous 013 - 0.26 390 61
carth
6. Oil +2 g of silicagel 0.24 0.035 275 54
7. Oil + Cellite (2x) 0.135 0.1221 257.1 50

Colour of oil was measured according to the forimula:

C = 1000 ‘(A(ao +tAgus)
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where
Ago=value of absorbance of oil sample after diluting in
CCl, (1/10 v/v) at A=460 nm
Ages=value of absorbance of oil sample after diluting in
CCly (1/10 v/v) at =668 nm

Improvement of colour reached about 71° comparing it to the co-
lour of oil after 46 hours — model frying. Similar results were achieved
when active charcoal was applied (9g per 100g of oil-C). In this case
the same reduction of FFA, smaller decrease of soap content (47%)
and general colour (59,6%) was obtained. However poorer effect for
diatomaceous earth was obtained. It was also found out that cellite —
mainly used as a filtration aid, significantly improves quality of oil.

Addition of silicagel (2g ‘per 100g of oil) causes rather considerable
reduction of oil acidity (40%), what also confirms earlier investigations
[8]. Also literature data concerning the increase of unsaturated fatty
acids recorded as the decrease of iodine value, were corraborated. In
our work in some cases that value was lower (table 1), priobably be-
cause of adsorption of many polimerized or oxydized compounds. Du-
ring purification one could observe the decrease of main three fatty
acids in oil I (table 4). In the same time the improvement of the ratio

Table 4
Content of the fatty acids fraction of purified I oil
Fatty acids
Kind g
unssaturated fatty acids

of Ci6:0 | Cisio | Cisir | Ciaa | Cisis | Caoso > 4 2

Setaple 2 Y saturated fatty acids
1 2 3 4 5 6

0 6.64 178 | 56.77 | 16.03 | 6.72 3.12 6.9

46 h 8.34 229 | 4840 | 12.60 | 3.31 241 49

A 7.55 1.62 | 40.16 | 1091 - - 5.5

B 8.46 253 | 4839 | 13.58 - 2.76 45

C 8.46 218 | 4625 | 12.57 - 2.59 44

0 - fresh

46 h ~ unpurified oil after 46 hours chicken frying
A - oil purified by the mixture of active charcoal
and silicagel (9 g and 2 g/100 g of oil accordingly)
B ~ oil purified by the mixture of active charcoal
and silicagel (3 g and 6 g/100 g of oil accordingly)
C - oil purificd by active charcoal (9 g/100 g of oil)

of the sum of unsaturated acids to the sum of saturated ones for the
best mixture of adsorbents (active charcoal and silicagel) was observed.
With other adsorbents this value was similar to the one for fried oil.
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Even for model fried oil I purification in miscella stage (in hexame)
did not give good results.

Miltar-Standard bleaching clay, normaly used in fat industry to
obtain effect of oil decolourization, adsorption of soaps and phospho-
lipides, was also applied for improving the quality of used frying oils.
With this addition no trace quantity of soaps was reported, however
the decrease of FFA, even with silicagel and active charcoal — table 1,
was mnot satisfying (procedure 7). It was found that decrease of FFA
reached only 31% while with silicagel and charcoal mixture it reached
44%. This can be explained probably by acidification caused by that
adsorbent and therefore it can mot support the conclusions of Platek
and Wegrowski [12].

CONCLUSIONS

Of all tested adsorptive systems the best results were obtained when
oil was treated by a mixture of active charcoal and silicagel — 9%
and 2% (w/w), respectively. Degumming and desaponification in frying
oil having about 1,5/0 FFA at the stage in hexane did not bring expec-
ted effects after chips and sausage deep frying when oil had more
than 3% of FFA. Quite sufficient reduction of soap content, acidity and
colour gave simple adsorptive systems (active charcoal and active char-
coal with silicagel). Application of proposed simple procedures of oil
purification gave expected results, however there still exists a problem
of recuperation of purified oil. Even though this method was simplified,
the efficiency reached only about 50% and thus it can be uneconomic
in a practical use.
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PROBA OPRACOWANIA OPTYMALNYCH WARUNKOW
ADSORPCJI ZANIECZYSZCZEN Z OLEJOW
SMAZALNICZYCH

Streszczenie

W pracy podjeto probe wykorzystania olejow po smazeniu zywno$ci poprzez
adsorpcje produktéw utleniania i polimeryzacji z wykorzystaniem chemicznych
adsorbentéw a takze przez roztwarzanie olej6w w rozpuszczalnikach organicz-
nych. Oczyszczano olej pobrany z punktu gastronomicznego jak réwmniez inny,
pochodzgcy z wilasnego wielogodzinnego modelowego smazenia kurczakow.

Oczyszczanie oleju w formie misceli w heksanie nie przyniosto spodziewa-
nego efektu w przypadku oleju o zawarto$ci wolnych kwaséw tluszczowych (FFA)
powyzej 3%. Od$luzowywanie i wytrgcanie mydet w olejach smazalniczych o za-
warto$ci wolnych kwaséw tluszczowych okolo 1,5% jest niecelowe. Wystarczajg-
cg redukcje zawarto$ci mydel, kwasowo$ci i barwy ogélnej dajg zastosowane
proste uklady adsorpcyjne (wegiel aktywny i wegiel aktywny z zZelem krze-
mionkowym). Najlepsze rezultaty uzyskano dla' mieszaniny wegla aktywnego i ze-
lu krzemionkowego dodanych do oleju w iloéciach odpowiednio 9 i 12% w/w. W
trakcie oczyszczania oleju zaobserwowano spadek zawartosci trzech gléwnych
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kwaséw nienasyconych, ale jednocze$nie nastgpila poprawa stosunku sumy kwaséw
nienasyconych do sumy kwaséw masyconych dla najlepszego ukladu adsorpcyjnego.
W pozostalych przypadkach wielko$é tego stosunku byla zblizona do stosunku
w oleju wyjsciowym.

Zastosowanie ziemi bielgcej Miltar-Standard najskuteczniej usuwa mydia,
ale przyczynia sie do zakwaszenia oleju.

Istnieje réwniez problem z odzyskiwaniem oczyszczonego oleju. Nawet gdy
procedura oczyszczania jest uproszczona wydajno$¢ ksztaltuje sie tylko na po-
ziomie 50%.

Ammpua Masemika, Jlopora XKapuoscka
Kadenpa obieir xummm

IHOIIBITKA PAZPABOTKU OIITUMAJIBHBIX

YCJOBUI1 ACOPBLIM 3ATPSI3HEHUI 13
MACEJI UCIIOJIBE3YEMBIX JUIS JKAPEHBS

Copepxanne

B pabore npeanpuMHATO MONBLITKY MCIIOJL30BAHMS MAacesj Iocje KapeHbf MMM
IIyTéM aacopbumy IPOAYKTOB OKMUCJIEHUA M IOJMMEPU3ALMM € MCIIOJIB30BAHMEM XM-
MMYECKMX aZCOPOEHTOB a TakKe IIyTEM pPAaCcTBOPEHMSA Macej B OPraHMYy2CKUX
pacrtBopurerax, Ouuianoch Macjo B3ATOE M3 TYHKTOB OOLIECTBEHHOTO TIMTAHMUS
a TakKXe Jpyroe, B3ATOe M3 COOCTBEHHOIO MHOTOYACOBOrO 00pa3iloBOr0 KapeHbH
L bIITJIAT,

Oumerka Macia B ¢hopMe MMUCLENAbI B IeKcaHe He jaaja oxupaemoro sddexra
B Macye cojepzxaiueM csbime 3% cBoboaubix KupHbIix kucaor (FFA). Ouuuenue
OT CJaAM3M M OocCelaHyue MbLIa B Macjax MUCIOJNL3YyeMbIX JA KapeHbdA, B KOTOPbIX
copepxuUTca 0roJo 1,5% cBOGOAHBIX IKMPHBIX KMCJIOT, Helejdecoobpasno. [docra-
TOYHYIO PEAYKUMUIO COAEPIKMUMOCTM MBLI, KUCJIOTHOCTM MU OOIIEH OKPACKM IIPUHOCHAT
NPUMEHEHHBIe IIPOCThIe anCcoOpPOIMOHHBIE CUCTEMBbl (AKTUMBMPOBAHHLIA YroJb M aKTU-
BUPOBAHHbLINA YIoJdb C cuiamukaresem). Haumydime pesyabTarTbl OBLAM IOJYHEHLI JJs
CMECH aKTUBUPOBAHHOTO YrJis M cuaukarensa nobaBleHHBIX B Macjo B COOTBET-
CTBEHHBIX KouaudectBax 9 u 2% B/H., Bo BpeMs OYMCTKM Macja 3aMeYeHO CHUIKEeHUe
coflepKauua TPEX INIaBHBIX JKMPHBIX KMUCJIOT, HO OJZHOBPEMEHHO IIPOU30LII0
yaydiueHmue COOTHOIIEHUA CYMMbBI HEHACBIIEHHBIX KHUCJIOT K CyMMe HaCBIN[EHHBIX
KMCJIOT JJa HauiIy4diuen agcopbuuMoHHOM cuCTeMbl, B OCTaNbHBIX Chaydagx BeJIMYMHA
9TOr0 COOTHOIIEHUA ObLia npubiuzKeHa K COOTHOILUEHMIO K MCXOAHOMY Macuy.

Ipumenenue BeIGensomein 3ema Muabrap-Cranzapr ¢ Hawiydmmm sddexrom
YCTpaHusieT MbLIA, OMHAKO CrocobCTBYeT 3aKMCJICHUIO MacJa.

BeicTymaer TakiKe npobiema ¢ noumyudenuem obparHo ouuuienHoro macna, Jlaxe
TOrJla KOTJA IIpoleaypa O 4YulleHa yYHpolleHa, IIPOU3BOAUTEJLHOCTL COCTABJAET
TOJKO 50%0.
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