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Research Title: Prolonging Used Frying Oil Shelf Life Prototype using Stream System for
De-acidification and De-polar Matters
Researcher: Pramoun Srikalong and Numpetch Aksorntip

Faculty: Agro-industry Department: Food science

ABSTRACT

Deep fried food is one of the most widely eaten. The quality of these was depended on the
quality of frying oil. Due to during frying process,-several physical and chemical change in food
causing quality of used oil physical and chemical change, especially repeated frying oil increase.
Deodorization process is one of refining stage with an impertant effect on the quality of oil that
removes odor material, aldehydes, polar compounds and free fatty acids from the edible oil at high
temperature and high vacuum-conditions. The objective of this study was to determine the quality
improvement of used palm oil by deodorization process. The used palm oil was deodorized at different
temperatures (180, 200 and.240 °C) for-30,°60 and 90 mins-respectively.. The ‘quality alterations of
deodorized used palm oil were measured-acid value (AV), peroxide value (PV), p-anisidine value (p-
AV), total polar components (TPC), viscosity and color changes. Results showed that deodorization
process all treatments, could.decreéased peroxide walue (PV) and. total polar components (TPC).
Considering deodorized used palm oil 'quality at 200°C Tor 60 min was recommended to improvement
used palm oil with low PV (9.11%0. 41lmeg/kg), TPC reduction level was 12.50£0.87 percent and the
highest brightness (L*) inerease devel was 91.95£0.01. However, the highest temperature (240 °C)
decreased brightness (L*) of ‘deodorized used-palm-oil.. The alterations. of deodorized used palm oil
(200 °C for 60 min) was recycled: deoderized used palm oil was prepared from deep fry potato sticks
at 160 °C for 10 min (four day duplicate). After performing the analysis of variance between
deodorized used palm oil and non-deodorized used palm oil, significant differences (P<0.05) were
found PV of deodorized used palm oil slower than non-deodorized used palm oil. The content oil and
color change of potato sticks were measured after frying did not significant differences. The alterations
of deodorized used palm oil on shelf life were found physical and chemical of deodorized used palm

oil low quality after 15 day storage.

Keywords : Used frying oil, Stream, Shelf life
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Group Components in the group

- Triglyceride, Diglyceride , Monoglyceride
oil - Phospholipids, Glycolipid and

i

Lipoprotein

= Freefatty acids

Oxidized Products </ Peroxides, Aldehydes, Ketones, Furfurals

(from sugars)

Non-oil (but o0il solubles) - Carotene
- Tocopherols
-, Sgualene

-\ Sterols

Impurities - Metal particles
- Metal ions

-~ Metal eomplexes

Water Solubles -/~ Water (moisture)
- Glyeerol
Chlorophyll pigments

Phenols

Sugars (soluble carbohydrates)
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Quality parameter Temperature | Time | Pressure | Steam

Taste + ERS - ++

Color (heat bleach) ++ - - -

FEA stripping +5+ - e +

trans Fatty acid formation e 4o = =
Tocopherol/sterol stripping $-+ - 4 +
Contaminant removal' T - -+ +

Glycidyl ester formation - . - s

] Pesticides, PAH, dioxins; - : little or no effect, + : significant effect, ++ : large effect
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a =) =£ o a o w o o = o ) & ¥
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o 3t 3% . T o . ¢ ’ -
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=y =y (73 < 1 3O‘, 5 — at
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2,62 AMANNDUNTA (Acid value)

148558
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@] @]
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.
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m F HET={ =R
! I lypase
FLE L3~y H,C=0H
& o 1|
MO ('-r:e
3
Triglyceride glycerol free fatty acid

mni 2.6 Agnaettalas ladq

v =1 u LY = %' ar A s =& ak =t | o = o
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A aa o o e 2 : r i a o (=] o
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n:id
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k) ' )
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= v A v & %,' [Y] e/ = a a aa é’;
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=y o 4 ; c'?. a ETT U i c:°. T dya_—.'i = aan g
WINANDIDBN lUA (peroxide) Faialanaunl peroxide value FIUITDINITIN A ‘ﬂaﬂiﬁﬂ lipid
. . g 3w LY 9 3 s2 T o = P
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< U Cd = = % ' 21’ o 4
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(cell membrane) F9zdUATIBABFUNTIN 1 lHnaTsaa19 18 (501 Sauruun. 2543)

2.64 Usmamslsznauiian {polar compound)
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iiumeamn liiuiulide uagvzazavegluiniusznimnena g e niumyundasnn
= %’ L) A o o = =] : ! o 2‘/ A o ]

Minea asnnea lnihduasliadludnsniagwinaudaadee nsineaszdmangs lu
qnrug

aw aa 2
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3.1.1.1 Wduihay vsEnguanysa njuliine, Ine
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3.1.2.6 Immm%&m%ﬂﬂqﬂﬁ(potassium iodide; KI)

me i laaa. Tne
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3.2.8 IA3OITHMOTUYINA T4 R-200
3.2.9 1A304H902188A 2 fule JU ARC 120
3.2.10 A3eaFtaziBen 4 fumia Ju SI1-324
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Brookfield, anigamsn
Hunter Lab, mﬁ'@am‘%m
Ebro TM electronic, 08311l
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ABSTRACT: The consumption of fried foods, especially were repeated frying oil increased
risk of cancer and heart disease. Deodorization is vapor distillation process that removes odor
material from the edible oil at high temperature and high vacuum.conditions, The objective of
this study was to determine the effect of temperature and time during deedorization on the
quality of used palm.oil. The used palm oils were deodorized at diffcrent temperature (180,
200 and 240 °C) for 30,60, 90 mins respectively. The quality-alterations-of deodorized used
palm oil were measured acid value (AV), peroxide value (PV), p-anisidine value (p-AV), total
polar components (TPC) and color changes. Results showed that deodorization process all
treatments could decreased peroxide value (PV), ptanisidine value (p-AV) and total polar
components (TPC)..Considering deodorized used palm oil quality-at 240°C for 30 min was
recommended to improvement used palm oil with low PV (6.18 meg/kg) and the lowest TPC
reduction level was<11.50 %. However, the highest temperature (240 °C) decreased lightness
(L*) of deodorized used palm oil.

Keyword: Fried food, Deodorization, Repeated frying oil, Fatty-acid

INTRODUCTION

Deep fried food is one of the most widely
eaten. The quality of these was depended on
the quality of frying oil. Due to during frying
process, several physical and chemical change
in food causing quality of used oil physical
and chemical change, especially repeated
frying oil increase. There changes that lead to
alteration of chemical reactions are induced in
the oil, such as hydrolysis, oxidation,
cyclization and polymerization. Most of them
are non-volatile but they were collected in the
oil causing modifications of the physical and
chemical characteristics such as viscosity,
color, fatty acid (FA) compeosition, peroxide
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value .and-total polar compound (TPC) [9].
These reaction-products exert cytotoxic and
genotoxie effect [7] that repeated consumption
of oxidized fat in the diet could pose a chronic
threat to health. Nowadays, the several method
can eliminate or reduce these products such as
degumming, bleaching, silicate films [12],
solution of alkali and deodorization.
Deodorization process is one of refining
stage with an important effect on the quality of
refined oil since it is usually the last refining
process step. This method is the removal of
undesired volatile odoriferous components in
oils, aldehydes and free fatty acids. Among
them the heavier free fatty acids have the
lowest vapor pressure and therefore they are



the least volatile components [3].

In a normal deodorization process (within
a complete refining process) high temperatures
is used (=180 °C) [10], [17]. The
deodorization, where high temperatures are
used, some chemical modification of the
native oil allows the detection of this thermal
process. That is the case of polymeric
glycerides that can be detected in deodorized
oils treated at high temperature [10], [13].
However, these drastic processing conditions
lead to the occurrence of important chemical
degradation reactions that influence the final
oil quality [2] [4]. Therefore, the purpose-of
this study were to determine the effect of
temperature and time during deodorization on
the quality of used palm oil:

MATERIAL AND METHODS
2.1 Materials

Palm oil and potato’stieks were purchased
from a local market in Thailand. All chemicals
and solvent for analyses were of analytical
grades.

2.2 Methods

Used palm oil was used for this study. [t
was prepared from deecp fry potato sticks at
150-160 °C for 10 min by thepalm oil'per
potato sticks (4:1 w/w), then used palm oil was
kept on stainless steel open around.one day.
After one day, it was fried again with the same
ratio (four day duplicate). Deep fry potato
sticks experiments were conducted in
duplicate using an electric deep fryer (Fritel,
China).

In the deodorization process, 4 kg of used
palm oil was carried out by batch scale
laboratory deodorizer: the used oil sample was
contained in vacuum pot (0.7 bars) using water
as stripping gas. This vacuum pot was heated
on the gas stove. The internal temperature
vacuum pot was controlled by digital control
(JCS-33 A) mode of PT100 temperature
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sensor. The vacuum pot was also used to
connect the vacuum tube to the outlet
connected to a condenser, in order that the
odor material was removed from the system
(maximum operative works of the pump at 1.5
mbar, Vacuubrand pump, Wertheim,
Germany). This vacuum tube also controlled a
steam input, obtained from a boiling steam of
vacuum pot.

The deodorization experiments were
operated at 180, 200 and 240 °C for 30, 60 and
90 mins respectively. A fter that, the
deodorized used palm oil was left for cool
down to-room.temperature and stored in dark
bottles in a refrigerator at 4 °C until the
chemical and physiealchanges were analyzed.
An experimental factorial design (3x3) with
three levels of temperature (180, 200 and 240
°C) and three levels-of time (30, 60 and 90
mins)-were carried out. Experiments were
carried out in duplicate.

2.3 Determination of acid value (AV)

The determination of fatty acid was carried
by titration with potassium hydroxide solution
of the used oil sanmiple, properly diluted with
an ethyl alcohol-ethyl ether mix and using
phenolphthalein-as the indicator [1]. Results
are expressed acid value.

AV (mg KOH/g oil) = [{a-b) xNx56.11]/w

a=wolume of potassium hydroxide
solution used for sample

b="volume of potassium hydroxide
solution used for blank

N = normality of sodium thiosulfate
solution

w = weight of sample in gram

2.4 Determination of peroxide value (PV)

Peroxide value method was used, based on
titration with sodium thiosulfate solution of the
used oil sample, properly diluted with a
chloroform/acetic acid (3:2) mix and then
treated with potassium iodide using the starch



solution as the indicator [1]. Results are
expressed as milliequivalents per kg of oil.

PV (meq/kg) = [(a-b) xN=x1000]/w
a = volume of sodium thiosulfate solution
used for sample
b = volume of sodium thiosulfate solution
used for blank
N = normality of sodium thiosulfate
solution
w = weight of the sample in gram

2.5 Determination of p-anisidine value (p-AV)

The determination of p-anisidine value was
carried by the AOCS Cd 18-90 method 1]
using 0.5 g samples, glacial acetic acid,
isooctane, 99% p-anisidine (Sigma-A88255,
Aldrich) and a quartz cuvette..A-blank and the
samples were read in ranges 350 nm by UV-
Vis spectrophotometer (Shimadzu, uv-1601,
Japan). Results are expressed p-anisidine value

p-anisidine value =25(1.2As-Ab)/m

As = absorption value after reacting with
p-anisidine solution

Ab = absorption value before reacting
with p-anisidine solution

m = mass of the sample

2.6 Determination of total ‘polar compounds
(TPC)

The determination of total. “polar
components was used electronic equipment
(Ebro TM electronic, FOM 310, Germany).
The head sensor of electronic equipment was
dipped (5 seconds) into the sample at 150-160
? C [18]. Results are expressed as percentage
of total polar components.

2.7 Color

The sample color was determined by using
a Hunter Lab Scan XE colorimeter (Hunter
Lab, Color Quest XE, USA). The illuminant
used was D65 and the standard observer was
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set at 10°.The color results were expressed in
Hunter Lab units.

2.8 Statistics

Analysis of data was carried using SPSS
statistical software version 16. In order to
indicate significance level (w) differences
between temperature and time deodorizing of
the used o1l sample, analysis of variance
(ANQVA) tested by Duncan’s multiple ranges
at level'95% of significance.

RESULT AND DISCUSSION

3.1 Content-of acid value in deodorized used
palm oil

Table 1 ‘Acid values: of used palm oil after
deodorization process

Condition AV changes

Temp. (°C) _ Time (min) — mg KOH/ g oil
180 30 1.12+0.00°
180 60 1.06+0.00°
180 90 1.04+0.07°
200 30 1.1040.037
200 60 1.06+0.00?
200 90 1.014£0.04°
240 30 1.17+0.06°
240 60 1.01£0.00°
240 90 0.97:+0.03"

Different superscript letters are si gnificantly
different (P<0.05).
Mean value + standard error (in duplicate).

Table 1 present the acid values for the
deodorized wused palm oil at different
temperature and time levels. The result
indicated that the acid values were measured
after deodorization process did not significant
differences among the treatments.
Deodorization at 180, 200 and 240 °C for 30,
60 and 90 mins respectively not could reduce
all acid values (AV of non-deodorized used
palm oil was 0.97£0.03 mg KOH/g oil). On



the other hand, the acid values inclined to
increase after deodorization. Concentration of
deodorized used palm oil effect on the acid
values because of volatilization of parts of
components. Among the volatile components,
the heavier free fatty acids have the lowest
vapor pressure. Accordingly, these are the
least volatile components [3]. Temperature and
time for deodorization did not significantly
affect the AV. Therefore, it may be required
temperatures and time higher than 240 °C for
90 min.

3.2 Content of peroxide in deodorized used
palm oil

Peroxide values after deodorization
process of used palm oil on each treatment
were expressed in Figure'1. The-Figure 1 show
peroxide values decreased significantly  after
deodorization process (PV of non-deodorized
used palm o1l about 9.16 meqg/kg). The lowest
reduction observed of «deodorized used, palm
oil at 240 °C about 6.18 meg/kg. At 180 and
200 °C, on deodorization time peroxide values
were significantly different for 30, 60 and 90
mins respectively  while 240 °C . did  not
significant differences. ~Tsiadi’ et al. [16]
reported that decompesition.of PV occurred -at
more than 100 °C. Hydroperoxide as a primer
oxidation product will. be “decomposed  to
volatile and non-volatile “lower molecular
weight components such as “aldehyde and

O30 min D60 min B90 min
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ketone.
Figure 1 Reduction of peroxide values after
deodorization.

3.3 Content of p-anisidine values in
deodorized used palm oil
The p-anisidine values  assessment

encouraged the quality of o1l more clearly that
were appended as one of the tests determining
secondary lipid oxidation (Figure 2). After
performing the analysis of variance for each
treatment, significant differences were found
among-the values of p-anisidine. At 180 °C,
the lowest reduction content of p-anisidine
value was-43.30. Consistency with the data is
shown in Figure 1. The content secondary

030 min=B.060 min. B90 min

120
‘A 1004
(b
=
3\ (B 63.0 5,80
0 49.22 2ot mpo-97
= T
=404 N
s
90 - %.
0 T T 1
180 200 240

Temperature (°C)
products “(p-AV) lower than the primary
products (PV). Figure 2 The p-anisidine values

after deodorization.
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Figure 3 Reduction of the content of total polar
compounds after deodorization.

Figure 3 present the results of the
alteration content of total polar compounds
after deodorization (TPC of non-deodorized
used palm oil was 16%). These were
consequence between temperature and time
during deodorization process. This results
explained that only treatment could
significantly different reduce the content of
total polar compounds 240 °C for 30 min. No
significant  differences on total polar
compounds reduction were observed for the
other treatment. After deodorization; the
decrease observed in polar ~compounds
because oxidized triglycerides eonstitute the
major components of total polar compounds

[5].
3.5 Color changes

The alteration ‘of color .is one of"the
parameter which was .explained o1l quality.
Color changes of used palm oil -after
deodorization are given” in Table 2. The red
color (a*) level of used palm oil reduced
significantly  (P<0.05) .-after —deoderization
compares to the used: palm—oil before
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deodorization L*, a* and b* (82.58+0.04,
6.85+0.02 and 36.76+0.16) respectively. The
carotenoids are the major source of red/yellow
color of the palm oil and there are susceptible
to heat destruction which effected to the
reduction of red color [6]. However, at 240 °C
trend of red color (a*) increase. The increment
of the red (a*) deodorized used palm oil could
be from using the high frying temperature that
was catalyst on non-enzymatic browning
reaction such as maillard reaction and
caramelization [11].

Since all results aforementioned, at 240 °C
for 30-min-was recommended to deodorize
used palm from “frying potato sticks. It was
principally -selected ‘based on low peroxide
value  of-about-6.18 'meg/kg and giving the
lowest total-pelar-compound reduction level
about 11.50%.  Although " this treatment not
could: reduce acid.values (1.17+0.06 KOH/g
0il), ‘considering the requirements in Table 3
still' quantity limit. By the way, the color of
used palm oil after deodorization was obtained
the value of about brightness (L*) 81.15+0.00,
red  (a*) “10:13+0.02° and | yellow (b*)
84.60=0.18.

Table 2 Color changes after deodorization process

Condition Color cEﬁl;gcs
Temp. (°C) Time (min) N\ a’ b
180 30 86.55+0.02¢ 41240014 75.42+0.03"
180 60 89.10+0.05¢ 3.08+0.00" 75.034+0.05¢
180 90 86:38+0.02° 4.01£0.77¢ 77.9440.044
200 30 91.87+0.02" 0.58+0.02" 73.51£0.06"
200 60 91.95+0.01° 0.19:+0.02 72.26+0.07
200 90 85.75+0.01" 3.86+0.01" 75.84+0.10°
240 30 81.15+0.00" 10.13+0.02° 84.60+0.18°
240 60 82.31+0.002 8.93+£0.04¢ 82.36+0.01°¢
240 90 75.45+0.01 15.91+0.02° 89.10:0.04°

Different superscript letters are significantly different (P<0.05).
Mean value + standard error (in duplicate).
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Table 3 Requirements of used oil on frying process in each country

Parameter Quantity limit Country Reference
PV < 10.0 meq peroxide/kg oil - Perkins and Michael [14]
AV <2.5mg KOH/1 g oil Austria Rossell [15]
AV < 2.0 mg KOH/1 g oil Germany Rossell [15]
AV < 2.5 mg KOH/1 g oil Japan Rossell [15]
AV <4.5 mg KOH/1 g oil Netherland Rossell [15]
FFA <0.05% - Perkins and Michael [14]
TEL <25% Thailand Firestone [8]

CONCLUSIONS

Deodorization process at 180,-200 and
240 °C for 30, 60 and 90 mins,
respectively could,/ improve “the better
qualities of used palm_ o1l than non-
deodorized used palm oil. The qualities
aforementioned ' were reduced peroxide
values, p-anisidine; total polar compound
and increased lightness (L*) color. The
treatment was recommended to be carried
out at 240 °C for 30 min based on good
PV reduction level-of abeut 6.18 meg/kg
and the lowest TPC reduction level was
11.50%. Although total treatment could
not reduce AV, inerease temperature ‘or
time on deodorization® may help. AV
reduction. In general; the deodorization
process was utilized on'refining step for
edible oil. On the other hand, this process
was applied to frequently reused-.oil
improving the quality of used oil or one
of choice prolong shelf life of frying oil.
It could increase the number of times on
frying oil. However, all was mentioned
depend on temperature and time of
deodorization, type of initiate frying for
foods and oils.
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