Becmuux BTYHITL, Ne2, 2014
YK 66.091-026.785

Houent I'.E. JlyOoBa,

(TlonTaBckuii yHUBEPCHTET OSKOHOMHUKM M TOProBiH) Kadempa OTeNbHO-PECTOPAHHOTO
1 KypOPTHOTO Jiena

ten. (053)222-15-85

npodeccop A.T. bezycon

(Opecckass HauuoOHaNbHas axkaJeMHs IHUIIEBBIX TEXHOJOTMH) Kadeapa OMOTEXHOJIOTHU
KOHCEPBHPOBAHHBIX MPO/YKTOB U HAITUTKOB

ten. (048) 712-41-16

E-mail: gdubova@mail.ru

Associate Professor G.E. Dubova,

(Poltava. Ukraine. University of economics and trade) Department of hotel and restaurant industry
phone (053) 222-15-85

Professor, head of department A.T. Bezusov

(Odessa. Ukraine. National academy of food technologies) Department of biotechnology

of canned foods and beverages

phone (048) 712-41-16

E-mail: gdubova@mail.ru

PazBurtue (pepMeHTATUBHOM
BOCCTAHOBJICHUS apOMATA

TeOpUuu

Theory development of enzymatic aroma recovery

Pedepar. HoBeiMu acmektamu B 00pa3oBaHMU CBEXHX apOMAaTOB MOTYT CIYXXHTh YCIOBHUS NpeaBapUTEIbHOW 00paboTku
IUIOJIOB U MOCJNETYIOIIUE YCIOBHUS MPOTeKaHHUs (pepMEHTATUBHBIX peakiuid. CHHTe3 apoMaTHYEeCKHUX KOMIOHEHTOB CBEXEH TpaBbl,
apOy30B, 3€JICHBIX JHUCTHEB MPOUCXOIUT C YUaCTHEM PACTUTEIBHBIX JHIOKcUreHa3. OCHOBOW 3TOTr0 MCCIIENOBaHMS SBIIETCS (aKT,
YTO MOJIEKYJIBI COCAMHCHUS-TIPE/IIIECTBEHHUKA MOT'YT BBIJEPXKUBATh PEKHMBI IEPepabOTKH, TOra Kak ()epMEHTBI U apOMaTHYECKHE
COEIMHEHHUS 3a4acTyl0 pa3pyllaloTcs. PacTuTenbHble TOMOT€HAThl — MOTEHIMAbHbIE HCTOYHUKH (DEPMEHTOB, KOTOPBIE MPOAYLIHPY-
I0T HaTypaJbHbIC apoMaTHIecKue BemecTBa. OOpa3oBaHUe CBEKETO apoMara IIPOMCXOIHUT B pe3yNbTaTe peakuy MexXy IOJINHeHa-
CBIIEHHBIMU XHUPHBIMH KHCJIOTAMU KJIETOYHBIX MEMOpaH M JUIOKCUTEHa3aMH U THAPOIEPOKCU/ JIHa3aMU PACTUTEIBHOTO CHIPhS U
sBIA€TCS Haubouiee olyTUMBIM. IIpenaBapuTenbHas MOAroTOBKA 00Pa3loB MOJOXKUTENBHO BIUSET HA SHEPTHIO CBA3BIBAHUS B KOM-
wiekce (epMmeHT-cyocTpaT. Vi3meHenue HoxHoro unciaa B 00pabOTaHHBIX TOMOTEHATax, [0 CPAaBHEHHIO CO CBEXXHMH, IOKa3bIBAET
HM30MEPH3ALUIO MIPEIIECTBEHHUKOB apomaTa. OnpeaeneH0 MUHUMAIbHOE KOJIMYECTBO BHECEHHBIX ToMoreHaroB (10 20 r) u BpeMms
MPOTEKAHHs PEAKI[MU BOCCTAHOBIEHUs apomaTta (5-7 munyT). [IpenBapurenbHoe oxlaXkAeHUE TOMOTEHATOB aKTHBU3UPYET (hepMeH-
ThI, ycrimBaeT okucisieMocTs [THXKK n mpuBoaUT K BOCCTAaHOBIIEHHIO CBEXKETO apoMaTa PacTUTEIBHOTO CHIphs. B yclIoBHsIX MHAK-
THBAlMK (EPMEHTOB apoMaThl HE CHHTE3UPYIOTCA. B ciydyae Mexda3HON aKTUBALMK MEXAy cyOcTpaToM M ()epMEHTaMHU MOJTyYeH
CTOMKMM apoMaT B MHUIIEBOM TIa3ypH, NEHE.

Summary. The fruit and vegetable pretreatment conditions and subsequent environment in which enzymatic reactions take
place can be considered as potential factors in the formation of fresh flavors. The synthesis of aromatic components of fresh grass
and green leaves occurs involving vegetable lipoxygenases. The molecules of a precursor-compound can withstand the processing
modes, while enzymes and aromatic compounds break down frequently. Vegetable homogenates are potential sources of enzymes
which produce natural aromatic substances. Formation of fresh favors is the most perceptible when it occurs as the result of the reac-
tion between poliunsaturated fatty acids of cytoplasmic membranes and lipoxygenases and hydroperoxide lyase of plant material.
Pre-treatment of samples positively influences binding energy in the complex of enzyme-substrate. The change of iodine number in
treated homogenates, as compared to fresh ones, shows isomerization of flavor precursors. The minimal quantity of homogenates
introduced (up to 20 g) and the duration of aroma-restoring reaction (from 5 to 7 minutes) were defined. Pre-cooling of homogenates
activates enzymes, strengthens oxidability of the PUFA, and results in recovery of fresh aroma of plant material. Under conditions of
enzyme inactivation, the synthesis of aromas is not possible. Conversely, production of aroma in food glazes and foams is possible in
case of interphase activation between a substrate and enzymes.

Knrouesvie cnosa: apomar, roMmoreHar, npeAuICCTBEHHUK, ) KUPHBIC KUCJIOTHIL, q)epMeHTI)I, Cy6CTpaT.
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Flavor is the essential food factor that one sugar amine, caramelization, non-enzymatic

can perceive from a distance. In the absence of
flavor there can be no pleasant experiences de-
rived from the consumption of food. Perception of
flavor through smell is the most complex in senso-
ry evaluation of food. During the heat treatment of
products such as baking or roasting, the well-
known flavor-forming reactions take place such as

browning, pyrazine formation and others. Howev-
er, after canning or drying, the fresh aroma of
many fruits and vegetables is partially lost, deteri-
orated or significantly changed. Researchers
should invest in finding strategies for further fla-
voring of products from this category.
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At the same time, the most sought-after
products are those that are natural and have no ad-
ditives. The development of flavor industry in the
last decade was focused on the analysis of natural
compounds and finding new aromatic components
from which one can restore the natural flavors [1].

The most commonly used flavors in food in-
dustry are obtained by chemical synthesis or isolat-
ed by chemical processes. These flavors are used
repeatedly in various products, however, their re-
peated use may result in an overabundance of them
in an organism. For example, the fruit flavoring
substance usually includes isobutyl acetate and
ethyl formate and it is used in beverages, yogurts,
ice creams, fruit fillings, and tea.

The issue of preservation of aromatic sub-
stances is mostly solved in the production
of canned fruit and berry juices. Aromatic
substances are condensed from a fruit mass by
distillation, and then concentrated 100-200 times
by absorption, extraction and distillation. The
resulting concentrate of aromatic substances is
stored separately from the juices.The use of en-
zymes is another way to restore the fresh flavor
of food in processed products. The aroma of
dried vegetables found in products can be re-
stored by adding to the processed products the
liquid extract of fresh raw materials [2].

In their groundbreaking research dated back
to 1957, a group of researchers from the Armed
Services Technical Information Agency examined
the nature of a specific substance found in the raw
materials, which they described as a precursor of
flavor. They found that thioglycoside from the cab-
bage family of vegetables can be used as precur-
sors. The additional findings, as the result of the
full synthesis of this group of precursors, demon-
strated that synthetic thioglycosides can be as ef-
fective under the influence of specific enzymes, as
those found naturally in cabbage. The most im-
portant observation made in their consecutive stud-
ies was that the main potential of flavor precursors
is their ability to be converted into a fresh flavor
under the influence of their own enzymes. In order
to recover the fresh flavor they added isolated en-
zymes during the food preparation. (Dateo, Clapp,
Mackay, Hewitt, & Hasselstrom, 1957). In 1962
they studied the possibility of restoring the flavor
of dried cabbage using the same method (Has-
selstrom, Bailey, & Reese, 1962).

To continue the line of research, Schwimmer
demonstrated that blanched, dried or canned beans,
peas, broccoli, carrots, tomatoes, and cabbage
change their flavor under the influence of en-
zymes isolated from fresh raw vegetables, genet-
ically related to the main product or from mustard.
Thus, he formulated the theory of possible aroma
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recovery based on enzymatic processes. Accord-
ing to this theory, aroma recovery is dependent on
the presence of the precursors and on the availa-
bility of enzymes that then specifically form natu-
ral aromas from these precursors.

One of the major achievements in under-
standing the mechanisms of flavor formation is this
knowledge of the reactions of flavor precursors.
Extensive work has been done since to identify
flavor precursors of meat, cheese, fish, beer, cham-
pagne, bananas, apples, coffee and other products.
Knowledge of the flavor precursors and pathways
leading to the formation of taste and flavor in fruits
and vegetables has been slowly accumulating over
the years [3]. The theory of flavor recovery has not
been further developed due to the energy barrier
between enzymes and a substrate precursor in natu-
ral flavor-forming reactions [2].

The authors conducted a literature review of
sources published in the last 60 years on the issue
of fresh flavor recovery and the lost aroma during
thermal processing or dehydration.

Preparation of suspension samples with
the active complex of enzymes. Ukrainian grown
fresh ripe tomatoes, sweet pepper, cucumbers,
and watermelons were purchased from local
farmers with the shelf life being a few hours. The
vegetables were kept refrigerated for 60 hours at
the temperature of about 5 °C. Then vegetables
were finely shredded for 7 minutes in a Fillips
blender; cellular fluid was collected by squeez-
ing, the hard part was convectively frozen at the
temperature of below -18 °C. During the techno-
logical use, the hard residue was thawed in a mi-
crowave oven in a thawing mode.

lodine number. The chosen method is based
on the effect of iodide acid upon essential fatty ac-
ids. The ten-gram sample was placed in a retort
with a ground-in stopper and then it was dissolved
in 15 ml of 95% alcohol on the water bath at the
temperature of 50-60 °C. The retort was cooled to
the room temperature; 20 ml of 0,2n. iodine alco-
holic solution and 200 ml of distilled water (at the
30 °C temperature) were added. The retort was
closed, vigorously agitated, mixed well and left
alone for 5 minute. The iodine excess was titrated
by 0,1 n hyposulphite solution.

It is difficult to overestimate the role of
enzymes in flavor formation: just in a matter of
minutes lipids, carbohydrates, proteins and amino
acids found in fruits and vegetables are converted
to volatile compounds. As a result of homogeniza-
tion, plant enzymes lead to the formation
or enhancement of fruit and vegetable flavors. The
destruction of plant tissues by using enzyme solu-
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tions, as well as the hydrolysis of the glycosidic
linkages of precursors, provides a significant in-
crease in the yield of flavoring substances
(Oey, 2010). The most promising area of applica-
tion of fermentolise technology is the production of
natural flavoring from fruit processing waste
(peels, pulp, seeds). Industries commonly use mi-
croorganisms (yeast, fungi, bacteria) for their fer-
mentative production. The potential to obtain flavor
through biotransformation of precursors is inten-
sively studied [4]. Plant homogenates, or homoge-
neous micronized suspensions of plant materials,
represent potential sources of natural aromatic sub-
stances. Enzyme activity in such a suspension can
be instrumental in flavoring processes that avoid
laborious isolation and purification of enzymes
from plant raw materials and save on energy costs
associated with dialysis or lyophilization.
The availability of these organic components is the
main advantage of this method, while their short-
term effect, limited to a few hours, is the main
drawback. In some patented flavoring processes of
this kind, strawberry leaves, soybeans, and mush-
rooms are used as homogenates. However, during
the concentration or distillation of these "key" aro-
matic components obtained through such pro-
cess, e.g. cis-3-hexenal or 1-octen-3-ol, their yields
will be low, averaging 10%.

The short-term effect of flavoring is not nec-
essarily a negative factor in the case of preparing
small quantities of food, such as in a restaurant or a
cafe. Furthermore, there is no need to isolate fla-
vors from homogenates in commercial quantities.
Sometimes it is sufficient to restore or to add the
“key” flavor ingredient: hexanal for wheat bread
and apple juice, hexenal for chopped strawberries
or bananas, nonadienal for cucumbers, and decadi-
enal for potato chips. In these cases, the effect is
obtained from the use of natural flavor precursors
and enzymes from homogenates of plant materials.
The renowned flavor specialist Blumenthal en-
hanced the flavor and smell of the product by mix-
ing pepper and strawberry homogenates [S]. The
author of this article finds value in creating edible
films or glazes, where enzymes found in homoge-
nates will serve as the source of flavor formation.
The impact of strengthening the aromatic profile of
products will be seen in lower quantities of salt
used during the preparation.

The plant raw materials are rich in enzymes
that participate in the formation of flavor. The ac-
tivity of one of the enzymes, lipoxygenase, is no-
ticeable in the process of aroma formation or recov-
ery. Biosynthesis of flavor compounds by lipoxy-
genase is proven for tomatoes, cucumbers, olives,

bell peppers, apples, citrus fruits, and strawberries
[6]. During the formation of the key flavor compo-
nents, lipoxygenase usually oxidize linoleic and
linolenic acids found in the cytoplasmic membranes
of plant cells (Viljanen, Lille, Heinié, & Buchert,
2011). Further, hydroperoxide lyase influences hy-
droperoxide, forming aldehydes and alcohols. Using
gas chromatography, researchers noticed the appear-
ance of large amounts of hexanal and hexenal,
2-octenal, 2,4-decadienal, propanal, 2-pentenal,
2,4-heptadienal, 3-hexenal, 2,5-octadienal,
2,4,7-decatrienal, 2-octenal, 2,4-decadienal,
3-nonenal, 2,5-undecadienal, 2,4,7-tridecatrienal,
3,6-dodecadienal, 2,5,8-tetradecatrienal, 2,4,7,10-
hexadecatetraenal as the result of enzymatic diges-
tion of polyunsaturated fatty acids and isomers
thereof (DeMan, 1999). These aldehydes can be cor-
related with a variety of flavor - fresh, fruit, bean,
and bitter. It is important to notice that antioxidants
and phytochemicals contained in plants control the
end products of the flavor formation reaction.

The prospects for the use of enzyme theory
have been described in patents on including en-
zymes in processed foods immediately before eat-
ing for strengthening taste and aroma. Lipid degra-
dation and availability of polyunsaturated fatty ac-
ids for enzymatic oxidation reactions are important
factors for the formation of certain flavor compo-
nents. First, lipids are hard to reach due to their
location in the cytoplasmic membrane. Segregation
of lipids is correlated with its destruction by means
of heating, freezing, or other physical methods. It is
plausible to assume that freezing yields better out-
comes, since it results not only in destruction of
cytoplasmic membrane of the cell, but also in spe-
cial isomerization of lipids. Furthermore, decreas-
ing the temperature causes a decrease in membrane
fluidity, offset by desaturation of membrane lipid in
fatty acids caused by desaturases. Such processes
in isolated fruits are yet to be studied.

Most of the enzymes are still active after the
harvesting of fruits and vegetables and this continu-
ing enzymatic activity upon storage affects their
quality [7]. The 10 © C drop in the environmental
temperature for isolated ripe fruits is sufficient for
activation of the membrane PUFA desaturation and
over time one can observe a change in physical
properties of the cytoplasmic membrane, such as an
increase in the degree of unsaturation of the fatty
acid residues in the cellular membranes [8]. Wang
et al. (1996) demonstrated that the successful intro-
duction of the yeast A-9 desaturase in transgenic
tomato plants leads to an increase in levels of pal-
mitoleic acid, 9, 12 - hexadienoic acid, and linoleic
acid being accompanied by a decrease in palmitic
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acid and stearic acid. Change in the profile of fatty
acids is due to a change in certain aromatic com-
pounds derived from fatty acids, namely the cis-3-
hexenol, 1-hexanol, hexanal, and cis-3-hexenal.
The findings show the change in iodine number in
test samples of the fresh homogenates after a short
storage and freezing (Figure 1).
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Figure 1. Changes in iodine number of homogenates
after freezing (1), fresh (2), after a short storage (3)

The average 75 g increase of iodine number
in frozen homogenates as compared to fresh ones is
the evidence for the arrangement of double bonds
in PUFA and enhanced activity of desaturases.
When the cellular systems are damaged by freez-
ing, most of the enzymes exhibit significant activity
upon thawing. The reason for this increase in the
rate of enzyme-catalyzed reactions is the rupture of
the membranes, organelles, particularly sensitive
lysosom, and failure in insulation of enzymes, en-
zyme substrates, and enzyme activators. Some
studies report that lipoxygenase exhibit significant
activity after freezing and thawing [9]. Lipoxygen-
ase and hydroperoxide lyase are so closely associ-
ated in lysosomes that any extract from homoge-
nates upon thawing contained a critical concentra-
tion of both enzymes. In part this increase in the
activity of enzymes can be explained by the change
in properties of the components of the cytoplasmic
membrane. Preliminary preparation by cooling re-
sults in adequacy of the enzyme and substrate
which positively influences binding energy.

Desaturases prepares the substrate to be in-
fluenced by the aroma-forming enzymes and as the
result fresh flavor is formed de novo. Careful thaw-
ing plays an important role in these processes, for
instance in microwave oven with low power setting
in order not to inactivate enzymes. Lipase, lipoxy-
genase, and hydroperoxide lyase are then released
from lysosomes and mitochondria, while being less
accessible in fresh raw materials even after a fairly
thin homogenization. The treatment of fresh
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homogenates in the microwave field at low power
(up to 70 W) causes the change in binding energy
influencing the enzyme-substrate complex. The
specific heat capacity of a substrate is lower than
the heat capacity of water, therefore lipid layers can
be rapidly heated in a microwave oven, faster than
water. The selective heating of cellular wall com-
ponents in the microwave field is one of the im-
portant factors distinguishing this type of heating.

This paper proposes a flavoring method con-
sisting of several steps (Figure 2).

Vegetable raw
materials processed
in a microwave field
at low temneratures

Flavor
Precursors

Preparation of a plant

Lipoxygenases,
hydroperozmde enzyimne cxtract
lrase
¥
A pH regulator,
surfactants
¥
Restored Foarning, drying,
fresh flavor filry coating of
of materials product

Figure 2. General schematic diagram of the lost flavor
recovery

These recommendations are based on the
previous studies by this author on the recovery of
fresh flavor in heat-treated suspensions of water-
melons, cucumbers, sweet peppers, strawberries,
and tomatoes. The prepared watermelon suspension
containing the 20 g active complex of enzymes is
able to restore the lost aroma in 250 gs of the ther-
mally-treated pulp. The reaction time depends on
the form of PUFA (micellar, as a detergent com-
plex or as salt) and values of pH determining the
degree of carboxyl group dissociation. The reaction
time of recovery at optimal combination of all fac-
tors is 5-7 minutes.

In the experiments, the flavor-creating com-
plex of enzymes (lipase, lipoxygenase, hydroperox-
ide lyase) results in the formation of fresh flavors
from PUFA cytoplasmic membranes. The enzy-
matic nature of these processes is confirmed by a
small amount of homogenates introduced and a
brief reaction time until a persistent flavor.
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In order to secure a persistent and pro-
nounced flavor it is necessary to ensure the inter-
phase activation — a large contact surface interac-
tion between the substrate and enzyme. This author
used gelatin solutions for the experiments because
of their surface-active properties and potential to
provide maximum availability of the cytoplasmic
membrane substrate to the active centers of en-
zymes. The probability of a considerable increase
of lipase activity in gelatin solution is high enough
because molecules of protein in gelatin solution
represent natural surface-active nanoparticles pos-
sessing properties of nanosystems. Therefore, the
final product can be represented by flavored films
from gelatin solutions or foam thereof.

For inactivation of enzymes, vegetable ho-
mogenates were pre-heated to 85°C; then the pos-
sibility to synthesize aromatic components was
estimated. The organoleptic analysis demonstrated
a substantial difference in samples with active and
inactivated enzymes. The researchers were not
able to synthesize flavors from precursors upon
inactivation of enzymes.
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