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Abstract

The high content of docosahexaenoic acid and eicosapentaenoic acid in fish oil explains the benefits of this type of
fat, especially for the health of the cardiovascular system and the brain.

However, the incorporation of fish oil into foods and beverages is often challenging, as fish oil oxidizes very easily
and can cause undesirable flavors. An alternative method for deodorizing fish oil has been proposed and
investigated. The method is based on the chemical transformation of the main odoriferous compounds of fish oil -
aldehydes and ketones. Under the influence of ethyl alcohol and an acid catalyst, more volatile acetals and ketanals
are formed. The obtained fish oil tastes and smells in accordance with the requirements for deodorized oils.
Aldehydes are also the main secondary products of fish oil oxidation, which are responsible for the so-called
"rancidity”. The possibility of restoring the sensory characteristics of oxidized fish oil has been proven: the taste
and smell of rancid oil disappears, the sensory profile corresponds to fresh fish oil.
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JOCJIPKEHHA HOBOT'O MIAXO0AY A0 M’AKOr0 AE30/J0PYBAHHS TA HOT'0 BIJIUBY
HA OKHUCHE IICYBAHHA PUB’AY0I'0 2 KUPY
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AHoTalif

Bucokuii BMICT y pr6’s;90My »KHUPi AO0KO03areKCa€HOBOI Ta eilik03aneHTa€EHOBOI KMC/IOT NOSICHIOE KOPUCTDb bOT'0 BUAY
»KHUpY, 0COGJIMBO AJIf1 3[0pPOB’S1 CepAleBO-CYAUHHOI CUCTeMH Ta MO3Ky. OAHAK BKJIIOUEHHA PHG'AYOro KUPY B
NPOAYKTH Xap4yyBaHHA Ta HaNoi 4acTo € CKJIaAHUM 3aBJaHHAM, OCKiJIbKM PHO ' TYUI1 )KUP AyrKe JIeTKO OKUCHIOEThHCS i
MO>Ke BHOCUTH HENPUEMHI apoMaTu. 3apONOHOBAHUM Ta AOCAiJ)KeHUH aJbTePHAaTUBHMUA METOJ, Ae300PyBaHHA
pu6’sa4oro xkupy. MeTos 3acCHOBaHMH Ha XiMiYHOMY epeTBOPE€HHi OCHOBHHMX OJ0PYIOYHUX CHOJIYK PUG’I4Oro :KUpPY -
ajabAerifiB Ta KeToHiB. Iliz BIJINBOM eTHJIOBOT'O CHUPTY Ta KUCJAOTHOrO KaTajadi3aToOpy yTBOPHIOThCA 6ibll J1eTKi
aneTasi Ta KetaHasi. CMak Ta 3anax pu6’a40oro BignoBijae BUMoram A0 Je30J40p0BaHUX KUPIB. AJIbJerigu TakoX €
OCHOBHMMH BTOPUHHUM MNPOJAYKTaMHM OKHCHEHHS pHG’I4Y0ro >KUpy, fAKi BiANOBiAalOTh 3a NOABY BiAYyTTH
3ripKkHeHH4. [loBeieHa MOK/IUBICTh BiJJHOB/IEHHA CEHCOPHUX XapaKTepPUCTHUK OKMCHEHOT0 P16’ A40ro KUpY: 3HUKAE
CMaK Ta 3amax 3ripKHeHOro XKUpy, CCHCOpHU# npodiab BiANOBiAa€ CBi2KOMY pHG’ A4YOMY KHUDPY.
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AHHOTaNUA

Bricokoe cojepxaHue B pblﬁbeM Kupe onosarexcaeHOBoifl M 3MKO3aleHTAaeHOBOM KHUCJIOT OOBLSACHAET noJb3y
9TOro BUJa upa, 0COGEHHO AJIsA 3A0pOBbA CepAe‘-IHO-COCYA"CTOﬁ CHUCTEeMbI U MO3ra. OAHaKO BKJ/IDYEHHUE pblﬁbel"o
KMpa B NNPOAYKTHI MIUTAHUA U HAIIUTKH 4YaCTO ABJIAETCA CJIOKHOH 3a,£l,a'-lel71, MOCKOJIBKY pblﬁlllﬁ KHP OYeHb JIErKO
OKHC/IAeTCA U MOXKEeT NIPUBHOCUTDb HENTPUATHBIEC apOoMaThl. Hpeﬂﬂo)l(eﬂ]—[l)lﬁ U HCC/1eJ0BaH aﬂbTepHaTﬂBHbIﬁ MeTo/[
Ae30A0panuu pblﬁbel‘o KHApa. MeTOﬂ OCHOBAH Ha XHUMHYECKOM Hp806p33OBﬂHI/ll/I OCHOBHBIX OJO0pPHMPYHOLINUX
BeleCcTB pbl6ber0 KHpa - aJibAEru0B U KETOHOB. HOA BJIMSTHHUEM I3THJIOBOTO CIIUPTA U KHUCJIOTHOI0 KaTa/iudaTopa
06pa3leTCH ooJiee JieTyyde aneTa/ii U KeTaHaJIU. BKyC U 3anax mnoJy4eHHOro pbl6ber0 JKHpa COOTBETCTBYET
Tp86OBaHHHM K A€3040PpUPOBAHHBbIM XKHPaAM. Aﬂbﬂerﬂﬂbl TaK¥XKe ABJIAKNTCA OCHOBHBIMH BTOPUYHBIMH NIPOAYKTaAaMHA
OKHCJ/ICHUA pblﬁbel‘o JKHpa, KOTOpbl€¢ OTBE€YAKT 3a NOABJIEHHUE YYBCTBA NPOTOPKJ/JIOCTH. onasal-la BO3MOXHOCTb
BOCCTAaHOBJICHHUA CEHCOPHBIX XdPAKTEPUCTUK OKHC/IEHHOTO pblﬁbel‘o JKHpa: ucye3aeT BKYC U 3alax Nporopk/sioro

»KMpa, CCHCOPHBIHA NPOQ/Ib COOTBETCTBYET CBEXKEMY PhIGEMY KUPY.
Katouegbie cn08a: pplOU )KUP; METO/bI €30/10PALIMH; CEHCOPHAS OLIeHKa; TM/IPONEePOKCU/IbI; albJETU/bl.

Introduction

Fish oil is a functional food because it is a
source of polyunsaturated fatty acids (PUFA).
Especially important is the content of
eicosapentaenoic acid (EPA, C20: 5 n-3) and
docosahexaenoic acid (DHA, C22: 6 N-3), ie
omega-3 fatty acids. They play an important role
in human cardiovascular health [1]. However,
crude fish oil also contains undesirable
compounds that impair its stability and quality.
These include moisture, phospholipids, free fatty
acids, pigments and volatile compounds. Another
problem is the unpleasant tastes and aromas that
characterize fish oil and are primarily related to
its easy oxidation ability. The quality of fish oil is
improved by its refining - successive stages of
Degummming, Deacidification, Decoloration and
Deodorization.

High temperatures (180-270 °C) are used in
deodorization, which is why it should be noted
that PUFAs are unstable and heat treatment leads
to side reactions, such as oxidation,
polymerization, cyclization, geometric
isomerization and double-bond migration [2].
Therefore, it is especially important, particularly
for fish oil, on the one hand to carry out
deodorization due to its specific organoleptics, on
the other - to carry it out at the lowest possible
temperature.

In recent years, there has been a search for
ways to deodorize fish oil at lower temperatures.
For example, the known technology of short-path
distillation. Short-path distillation is
characterized by the short residence time of the
product in the evaporator under very low
operating pressure [3]. A significant reduction in

odor was achieved by extraction of tuna and
squid fat with n-hexane and nanofiltration using
membranes with atomic mass units of 360 Da.
The value of odor activity (VOCs) of volatile
components in tuna and squid fats was
significantly reduced by removing about 80 % of
the odorous components. In [4] liquid-liquid
extraction (LLE) was proposed as a deodorization
method.

The taste and smell of fish oil are determined
by its volatile components (Volatile organic
compounds). They are characterized by low
molecular weight (less than 300 Da) [5]. The
composition of volatile compounds of fish oil is
given in table. 1. It should be remembered that
fish oil is a concept that summarizes the lipid part
of many fish and other marine organisms, so it
has significant differences in its composition
(depending on the source), including the volatile
part. It is also important that the content and
composition of volatile compounds of various
fatty products cannot be considered separately
from the oxidative status of the product, because
a significant amount of volatile substances is
formed in the oxidation process - aldehydes,
ketones, alcohols, etc.

The mass fraction of hydrocarbons is the
largest of all the volatile components of fish oil
(40 % of the total amount of volatiles in raw fat,
35 % in deodorized fat) [8]. However, due to the
high  threshold for the perception of
hydrocarbons, it is unlikely that they affect the
taste and smell of fish oil.
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Table 1
The composition of the main volatile compounds of fish oil and their sensory characteristics
Flavor Sensory Relative content of volatile
Name of volatile o threshold compounds, %
description 11 Structure [6] :
compounds [6] (mg*L-1) Crude fish oil [7] Deodorized
[7,8] fish oil [7]
Alcohols
. =
1-Penten-3-ol Fishy 400 0.89 0.15
OH
green, leaf, i
Cyclopentanol pleasant 125 0.79
1-Pentyn-3-ol Camphor - 1.20 -
flower, fruit,
1-Hexanol green, herb, 250 T 1.03 0.47
wood
Isooctanol - - o 0.25 1.38
4-ethyl-
Benzenemethanol i i 178 L11
Aldehydes
Butanal banana, green, 9 /\/\o
pungent
Hexanal Fishy, grassy 4.5 TN TN Ry 213 0.75
citrus, fat,
Nonanal floral, green, 1 e e 2.76 2.52
paint
Undecanal citrus, fat, oil, 5 e NN 1.27 1.75
pungent, sweet &
Benzaldehyde almond, fruity, 350 5 0.74 0.53
powdery, nutty
2-Ethylcrotonaldehyde pungent - ‘5;[]:\ 1.14 0.20
Ketones
bell pepper. i
2-Heptanone ! 140 0.31 0.18
blue cheese
fat, fragant, a
2-Octanone mold, overripe 50 \/\/\)J\ 0.42 0.42
fruit, soap
2-Nonanone Fruity, sugary 5.5 PN /\J\ 5.93 -
2-Decanone fat, fruit 35 NP a\ 0.32 0.52
fresh, green,
2-Undecanone orange, 7 “’c\/\/\/\/\f 1.45 2.44
pineapple, rose “’
chemical, o
Acetone ether, hlay, 20 )J\ 0.85 -
nauseating,
pungent
Hydrocarbons
alkane, fat,
Octane flower, oil, 940 N e 2.29 -
sweet
Nonane alkane 2150 ™S, 1.03 0.29
0-Xylene Geranium 450 C{ - 0.08
()
Ethylbenzene strong 2205 \f - 0.33
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Continued Table 1
Cycloheptane - - 0.39
Decane alkane 4000 0.31
Pentadecane alkane >13000 17.73 19.91
Hexadecane alkane, root >13000 0.41 0.46
Heptadecane alkane, biting, - 5.93 6.12
pungent
2,6,10,14- ) ) PP P
tetramethylpentadecane " ; - 8.80 556
Butanal, hexanal, nonanal, undecanal, 2- analysis of sensory characteristics of volatiles

nonanone, and 2-undecanone undecanone are
the key volatile components of fish oil [8]. These
compounds make a major contribution to the
sensory characteristics of fish oil, giving it fishy,
herbal scent, earthy, floral scent, etc. [9]. In
addition, three Kketones (2-heptanone, 2-
octanone, and 2-decanone) are contained in fish
oil in amounts above the thresholds of perception
[8], giving it a fruity, soapy, sweet, fried flavor.
Thus, it is necessary to distinguish between
the concepts of "volatile" and "odorizing"
substances. Aldehydes make up only about 13%
of the sum of all volatile compounds of fish
0il [10], however, as can be seen from the

(Table 1), only aldehydes and some ketones are
characterized by low thresholds of perception.
Namely, these compounds are those that
probably make the greatest contribution to the
perception of the specific smell and taste of fish
oil.

The reaction between aldehydes and alcohols
is known to result in the formation of acetals.
Acetals are characterized by different sensory
profiles and lower boiling points than the
corresponding aldehydes [11], that is, they are
easier to remove from the fat composition, and
they themselves are characterized by pleasant
floral aromas (Fig. 1).

R
R\ H\ | i
c=0+ “O0—R -——‘H—(ll—Q/
H
O\ |
R
(a hemiacetal)
R & R
| H ) u | R H
H—c—¢ + O—R =H—C—¢ + 0—H
| |
0, ’ 0, |
R R

(an acetal)

Fig. 1. Obtaining hemiacetal and acetal [12]

A similar reaction with the formation of
hemiketals and ketal is characteristic of
ketones (Fig. 2):
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R
R\ H\ | H
/C:Q+ O0—R’ .—_~R——(|:_Q/
R
0, ,
R
(a hemiketal)
R ¥ R
| H _' + l R H
R—(|I—Q/ + N0—R -:'R—?—o/ + No—n
0, , 0, |
R R
(an ketal)

Fig. 2. Obtaining hemiketals and ketals [12]

Acetal synthesis is usually carried out under
conditions of catalysis using strong liquid
inorganic acids, such as sulfuric and phosphoric
acids as catalysts [13].

In our previous studies, a decrease in the
aroma of fish oil was observed due to the
addition of ethyl alcohol and acid catalyst. This
result looks very interesting in terms of the
potential possibility of developing an alternative
method of low-temperature deodorization, which
can be carried out at significantly lower than
traditional deodorization temperatures (less than
100 °C). The possibility of obtaining less energy-
intensive deodorized fish oil with intact omega-3
fatty acids requires further research.

The purpose of the study is to establish the
possibility of low-temperature deodorization of
fish oil.

In accordance with the use, it is necessary to
establish the location of low-temperature
deodorization, the rational conditions of this
process, to investigate the change in taste and
smell of fish oil and its quality indicators.

Materials and methods

Samples of fish oil from various manufacturers
(Ne 1 - "Omega 3, 6,9", "Adrien Gagnon", Canada
and Ne 2 - "Fish oil for children" LLC WTF
PHARMACOM, Ukraine) were purchased in
pharmacies in Ukraine. Immediately before the
start of the study, the required amount of fat was
removed from the capsules with a syringe in low
light to glass vials made of dark glass. Fish oil Ne
3 O.L.KAR was purchased at a veterinary
pharmacy. It was filtered and hydrated using a
magnetic stirrer with a thermocouple at a
temperature of 60 °C, with constant stirring
(160 rpm). The sample volume was 50 cm3, the
temperature was controlled with an error

of + 0.1 °C. During all experiments, a magnetic
stirrer was used (RIVA - 04.4, Riva Stal, Ukraine).
The amount of water for degumming - 2 %, the
amount of citric acid - 0.3 %. A centrifuge (MPW-
340, CHEMARGO, Blachownia, Poland) operated
at 1000 * g was used to separate the wet gum and
to reduce the content of Insoluble impurities. The
obtained fat (sample Ne3) was stored in dark
glass vials after treatment of the vials with inert
gas (nitrogen) at a temperature of -20 °C (in the
freezer).

The conversion of aldehydes and ketones with
fish oil into acetals and ketanals was carried out
in a laboratory round-bottom reactor with a
capacity of 50 cm3, to which an air reflux
condenser was connected hermetically. Stirring
the reaction mixture (250 rpm) and maintaining
the temperature (90 °C, the temperature was
controlled with an error of + 0.1 °C) was carried
out on a laboratory magnetic stirrer with a
thermocouple (RIVA-04.4, RIVA-STAL, Ukraine).
The acetal formation reaction is reversible in the
presence of water. Therefore, anhydrous
magnesium sulfate was added to the reaction
vessel in an amount of 0.5 % with respect to the
fat. After the reaction, the fat was cooled and
transferred to a laboratory separatory funnel,
where it was washed from acid residues to
neutral pH. The removal of water and alcohol
residues was carried out on a rotary laboratory
evaporator IKA RV 10 digital V-C for 30 min, the
pressure was less than 5 mbar.

Fish oil oxidations were carried out in a
50 cm3 round bottom flask. The flask was placed
in a water bath, in which the temperature was
maintained at 90 °C. Stirring and temperature
control were carried out on a laboratory
magnetic stirrer with a thermocouple (RIVA -
04.4, RIVA-STAL, Ukraine). Oxygen (99.5 % pure)
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was passed through the fish oil by submerging a
bubbler into the bottom of the flask, which was
attached to an oxygen cylinder. Oxidation was
carried out for 2 hours.

Analysis of the taste and smell profile of fish
oil samples was performed according to standard
methods [14]. 10 participants of the tasting
commission (4 men, 6 women, aged 20-60
years), voluntarily included in the group during
the week were trained. At least 10 hours of
training were devoted to establishing the
organoleptic characteristics of fish oil and the
intensity of its taste. A sensor panel was
developed, with the following odor descriptors:
fishy, fatty, cucumber, earthy, flowery, rancid,
green and boiled potato odors. To study the
effectiveness of deodorization, a touch panel was
used, where 1 is the complete absence of a shade
of smell and taste, 5 is a clearly expressed
saturated shade of taste and smell. The fat
samples were placed in a transparent glass (Petri
dish), covered before serving and labeled with
coded numbers. The samples were kept at room
temperature and analyzed in daylight. Samples
were randomized and tested on different days.

The acid value of oils was determined
according to the official method of AOCS Cd 3a -
63 (AOCS, 1997). The peroxide number was
determined according to the official AOCS
method Cd 8b-90 (AOCS, 2017). PAV was
determined spectrophotometrically according to
AOCS official method Cd 18-90 (AOCS Official
Method Cd 18-90, 2011). All measurements were
repeated three times. The significance of the
differences between the average values of all

measurements was determined at the level of p =
0.05 (5 %).

Results and their discussion

It was decided to use only ethyl alcohol as an
alcohol for the formation of acetals and ketals.
Other monohydric  alcohols  (propanol-2,
methanol, etc.) are more toxic than food ethyl
alcohol. Polyhydric food alcohols (glycerin,
sorbitol, etc.) according to previous studies have
shown a significantly worse effect on the
deodorization of fats.

A series of studies have been performed to
establish  rational conditions for  mild
deodorization in the presence of ethyl alcohol
and acid catalyst. An active experiment with 3
factors of variation was performed. Feedback is a
sensory result of deodorization on a 5-point
scale, where 1 is the complete impersonality of
the taste and smell of fish oil, 5 is the
characteristic taste and smell of raw fish oil
without changes. Intervals of variation: the
amount of ethyl alcohol (X1) - from 1 to 20 %,
the reaction time - from 1 to 40 minutes, the
deodorization temperature - from 70 to 90 °C. In
all samples was present concentrated sulfuric
acid (98 %) in the amount of 0.03 %. In previous
studies, the need for the presence of a strong acid
was found, and sulfur was the most effective of
the studied. In the absence of an acid catalyst, the
deodorizing effect of fish oil does not occur under
any conditions.

As a result of processing the results of the
experiments obtained the following regression
equation:

Y=-71.23-6.57-X1 + 1.75-X; + 2.38:X3 + 0.074-X12 + 0.001-X22 - 0.017-X32 + 0.026-X1- X2 + 0.055-X1- X3
-0.021- X2 X3

The correlation coefficient of the equation R?
= (.745.

The resulting function reaches a minimum
point:

Xi1=5X=7.24; X3 =90.

The minimum response value in this case ¥ =
0.26.

Thus, the rational conditions for mild
deodorization are as follows: the amount of ethyl
alcohol - 5 %, the reaction time - 7.24 min., the
deodorization temperature - 90 °C, concentrated
sulfuric acid (98 %) in the amount of 0.03 %. The
results of changes in the sensory characteristics
of fish oil after deodorization under certain
rational conditions are shown in Fig. 3.

The intensity of the taste and odor of fish oil
has sharply decreased after low-temperature

deodorization. Fish oil could not be identified.
Saturated shades such as rancid (it is responsible
for the presence above the threshold of
perception of 2,4-Heptadienal), fish, fat and floral
(they are created by 3-Pentanone 1-Penten-3-ol
2-Penten-1-ol) have completely disappeared [16].
There are barely noticeable shades of smell and
taste of cucumber (2-Nonenal) and boiled
potatoes (Heptanal), which is probably due to the
low thresholds of perception of these volatile.

The tasting committee commended the
deodorized fish oil, its taste and aroma were
barely noticeable and pleasant. The commitee
concluded that the resulting deodorized fish oil
could be included in food and beverages.
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M before

after

fishy

4

boiled potato

green

rancid

fatty

cucumber

earthy

flowery

Fig. 3. Change in intensity and odor profile after "mild" deodorization of fish oil

It should also be noted that the mixture
removed during drying under reduced pressure
after low-temperature deodorization contains
alcohol and acetals; the mixture is characterized
by a pleasant aroma and can be used as a source
of additional income. Thus, acetals are used in the
aromatic industry [15].

The results of establishing the effect of low-
temperature deodorization on the quality of fish
oil are given in table. 2. Today in the EU the
content of hydroperoxides (peroxide number),

aldehydes (anisidine number) in fish oils is not
standardized. The criterion is 60 mg of total
volatile basic nitrogen (TVB-N) / 100 g for whole
fish. However, according to EFSA, it has no
scientific basis. At present, the methods to
determine the peroxide and anisidine values are
the most reliable chemical methods for rancidity
measurements in fish oils [17] and it is better to
use the value of Peroxide value, P-anisidine value
(PAV) to control fat oxidation during storage.

Table 2

Qualitative indicators of fish oil before after low-temperature deodorization

Quality indicators of refined fish oil

Fish oil Ne 1 (before

Fish ol after Standard requirements [16]

deodorization) deodorization

Moisture, % 0.5+0,35 0.41+041 <1

Colour Yellow Yellow <3.0 Red, 30 Yellow
Insoluble impurities, % 0.12 0.03 <0.05

Peroxide value, mmol1/20/kg 6.32+0.11 3.22 <10

Free fatty acid, s% (as oleic acid) 1.21 1,25 <0,10

P-anisidine value 12.22 13,45 <20

Odour and taste Inherent in fish oil Deodorized fat Soft

From the data shown in Table 2, we can deodorization. When Bleaching does not

conclude that the quality of fish oil samples after
low-temperature  deodorization  has  not
deteriorated. The acid number after washing is
practically equal to the initial one. Color does not
change. Of course, the resulting fish oil is
deodorized, but not completely refined. To fully
meet the requirements for refined deodorized
fish oil, deacidification and bleaching must be
carried out.

The developed method of low-temperature
deodorization should be carried out after
bleaching, because during this process
hydroperoxides are destroyed on molecules of
activated bleaching clay with the formation of
aldehydes and it is possible deterioration of
sensory characteristics of fish oil, which
minimizes the proposed method of

adversely affect the fat, deodorization should be
carried out after the stage of Settling and
degumming before deacidification, while the fat
does not need to be further washed from the
residues of acid catalyst - it will be neutralized at
the stage of deacidification, drying is also carried
out after this stage.

The noticeable decrease in the peroxide
number can be explained by the destruction of
hydroperoxides on the catalyst molecules (98 %
sulfuric  acid). @ However, hydroperoxides
decompose with the formation of primarily
aldehydes. This point needs to be investigated
more carefully. Table 3 shows the results of
changes in peroxide and anisidine numbers as a
result of deodorization.
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Table 3
Fish oil oxidation indicators before and after low temperature deodorization
Sample fish PV, meq/kg PV, meq/kg PAV before PAV after TOTOX TOTOX
oil before after deodorization deodorization deodorization before after
deodorization deodorization  deodorization
1 2.3+0.05 1.29 £+ 0.04 3.43+0.15 2.36+0.21 8.03 494
2 2.01£0.08 1.15 + 0.04 11.05 +0.38 8.65+0.18 15.07 10.95
3 6.32+0.11 3.22+0.07 12.22 £0.41 10.45 +0.33 24.86 16.89

In all the samples studied, a decrease in
peroxide numbers was observed, which is
probably due to the destruction of
hydroperoxides under the influence of sulfuric
acid. To determine how much aldehydes would

20.00

10.00

PAV

0.00 |

be formed without undergoing the acetal
conversion reaction, fat samples were treated
under the same conditions, but without ethyl
alcohol (only in the presence of an acid catalyst).
The results are shown in Fig. 4.

2 3

M alcogol+acid acid

Fig. 4. Change in anisidine number as a result of the reaction of formation of acetals and only under the
influence of sulfuric acid (0.03 %), where 1,2,3 - fish oil samples

The difference in PAV values of fish oil after
deodorization (Fig. 4 three blue histograms)
compared with treatment with acid alone (yellow
histograms) can be explained by the conversion
of aldehydes by reactions with the formation of
acetals. These reactions may involve aldehydes
already present in fish oil, those formed during
the oxidation of fat and those formed during the
destruction of hydroperoxides. In general, it
should be noted that all obtained samples
improved their oxidative state (the value of the
TOTOX number, table. 3).

Fish oil is easily autoxidized due to its high
content of polyunsaturated fatty acids. The
oxidized lipids that are formed can cause adverse
effects on human health [18]. Also, the taste and
smell of rancid fish oil is very unpleasant, it is
characterized by the possibility of deterioration
of sensory characteristics, even at low oxidation
levels [19].

Primary oxidation products - hydroperoxides
in the subsequent stages of oxidation are
destroyed with the formation of secondary
oxidation products - for such unsaturated fats as
fish it is mainly aldehydes, ketones, alcohols,
hydroxy acids, etc. can also be formed. The
oxidative status of omega-3 supplements is
commonly determined by analyzing the peroxide
(PV) and the para-anisidine value (PAV). The
Global Organization for EPA and DHA Omega-3 s
(GOED) representing the worldwide EPA and
DHA omega-3 industry has set thresholds for PV,
PAV as well as the total oxidation value (TOTOX =

2 x PV + PAV) to be followed by their members. It
is suggested by the GOED Voluntary Monograph
[20] that the PV must be under 5 meq/kg, the
PAV under 20 and the TOTOX below 26 in the
final product to be of acceptable quality [21].

Most of the aldehydes of fish oil (Table 1) are
generated in the process of lipid autooxidation
[22]. For example, hexanal is mainly formed
during the oxidation of linoleic acid, it is more in
deodorized fish oil compared to crude [8]. High
deodorization temperatures can cause oxidation
of linoleic acid.

Therefore, given the data in table. 3 (the
higher the initial values of PV and PAV, the more
effective their reduction after mild
deodorization) was the task to investigate the
possibility of restoring already oxidized fish oil
(according to PV and PAV) using the developed
method.

Samples of pre-oxidized deodorized fish oil
were characterized by the following sensory
defects: rancidity (maximum level - 5), fishy odor
(maximum level - 5). One sample was pre-
oxidized (Ne 4), another deodorized sample
(Ne5) was stored with access to oxygen at
ambient temperature for two months, which is
associated with a high value of its peroxide value
(at elevated temperatures (eg, 90 °C). ) peroxides
are destroyed).

The samples were processed under the above
rational conditions. Importantly, the samples
were pre-deaerated and the acetal and ketal
formation reaction took place in an inert gas
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atmosphere to prevent oxidation. The results of table. 4, the results of organoleptic evaluation - in
changes in oxidation parameters are given in Fig.5.

B before M after

fish
5 y

boiled potato fatty
green cucumber
rancid earthy

flowery

Fig. 5. Change in odor profile of oxidized fish oil after treatment with ethyl alcohol and acid

floral hue and taste of cucumber became
slightly more apparent (probably as a result of
incomplete excretion of aldehydes). The taste

Aldehydes are the main odorous substances
that cause a rancid odor and fishy odor in
oils [22]. After treatment with ethanol and acid,

these pronounced sensory characteristics of and smell of "regenerated" fish oil was
oxidized fish oil disappeared. The intensity of pleasant, equal to the organoleptic
the smell also decreased greatly. There was a characteristics of fresh fat.
Table 4
Oxidized fish oil oxidation indicators before and after low temperature deodorization
Sample of PV, meq/kg PV, mea/kg PAV before PAVafter | TOTOX before TOTOX
oxidized fish before after . : - after
. . . processing processing processing .
oil processing processing processing
4 18.10 £ 0.05 4.39 £ 0.09 18.87 £ 0.21 15.26 £ 0.30 55.07 24.04
5 81.45 +0.12 8.74+0.11 9.22 +0.15 11.65 £ 0.18 172.12 29.13

content of hydroperoxides in the oxidized sample
was studied (Fig. 6).

In order to study in more detail the effect of
the proposed method of deodorization on the
oxidation products, the kinetics of changes in the
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Fig. 6. Kinetics of reducing the content of hydroperoxides in oxidized fish oil under the influence of ethyl
alcohol (5 %) and concentrated sulfuric acid (0.03 %)

Given the results of the kinetics of changes in
the content of oxidation products, the feasibility
of using a certain rational time of treatment of
fish oil (10 min) with ethyl alcohol in the
presence of an acid catalyst is confirmed.

The PV kinetics curve of sample 5 is explained
by its high peroxide value (81.45 meq/kg),
peroxides are destroyed with the formation of
significant amounts of aldehydes, most of which,
however, react with the formation of acetals.
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Significant reduction of accumulated oxidation
products in this process makes it interesting not
only for deodorization, but also as a method of
restoring the quality of fish oil, extending its shelf
life, etc.

The new method makes it possible to
significantly reduce the deodorization
temperature (up to 90°C under normal
conditions or lower under reduced pressure),
which leads to the following positive results:

- energy saving, simplification of equipment
used for deodorization. The use of the method
makes it possible to deodorize fish oil in small
industries;

- reducing the content of oxidation products.
The first oxidation products - hydroperoxides in
the process of mild deodorization decompose to
form secondary oxidation products - aldehydes
and ketones. Aldehydes and ketones are mainly
converted to acetals and ketans and do not
participate in further oxidation reactions. In this
way, the rate of oxidative processes is slowed
down, which allows you to get more stable fish
oil. Also under the influence of high temperatures
of traditional deodorization (180-270 °C), under
the influence of sharp steam PUFA are unstable,
enter into reactions of polymerization,
cyclization, migration of double bond which do
not occur at temperatures less than 100 °C.

- no formation of trans-isomers of fatty acids,
which are formed at high temperatures, typical of
traditional deodorization. Their content in
deodorized fish oil is usually equal to 1-3 % [23];

- absence of MCPD-esters and esters of
glycidyl. It is known that 3-MCPD-esters and
glycidyl esters are formed at the stage of fat
deodorization at a temperature: for 3-MCPD
esters - from about 140 °C and above, for glycidyl
esters - from 230 °C [23]. That is, when using the
method of low-temperature deodorization, they
simply can not be formed in appreciable
quantities, even in the presence of precursors;

- proved the possibility of restoring oxidation,
initial taste and odor as a result of processing of
rancid fish oil by low-temperature deodorization.

Conclusion

A fundamentally new method of deodorization
of fish oil is proposed, based on the possibility of
chemical transformations of the main donating
components of fish oil

The rational conditions for mild deodorization
are as follows: the amount of ethyl alcohol - 5 %,
the reaction time - 10 min., the deodorization
temperature - 90 °C, concentrated sulfuric acid
(98 %) in the amount of 0.03 %.

When using a new method of low-temperature
deodorization there is no deterioration of the
quality of fat. However, there is a significant
reduction in the content of oxidation products -
hydroperoxides and aldehydes, which allows you
to use the method to improve the quality of fish
oil. The taste and smell of the obtained fish oil
meets the requirements for deodorized fats.
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