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DEVELOPMENT OF MODELING THEORETICAL STUDIES
ON FRACTIONATING DISTILLATION PARAMETERS
OF NATURAL SOURCES OF AROMA

Frolova N. E., Yushchenko N.M.

INTRODUCTION

Formulation of the problem you ask: “What is aroma?" Then remind. how
smell sweet cream or freshly baked fancy cakes at your place and you won't
help the pleasant feeling of satisfaction and upraise. Aromutic fugitive
fraction is a compound of air wpon a mutrition product During an inhale of
such air aromatic substances interact with one or more nun olfactory
receptor and a man feels product’s smell.

Ability to percept smell is connected with a deep biological natwre of
man’. Individuality of aromatic preferences is hidden not only in genetic
code of a person, but also in upbringing, liﬁ:st)lc:v

A positive impact of arome on a human body should be mentioned.
Aroma calms, notifies, balances, relieves cramps, relieves pain and prevents
inflammatory processcs. Some sromas coatrol processes of body's cellular
mr‘aﬁon and wrmover and thanks o this stimulate biological processes in
cells™.

No matter how the theory of smell and the rawre of its perception is
interpreted, for food manufacturers, the problem of available sources of
natural aromatic substances, the preservation of natural flavor in nutrition
products renmains important Ecological changes, intersification of
production reduce a part of natural aromatic substances in owr food.
Furthermore purposeful decrease of content of fat, salt, sugar, increase of

' Reed DR, Kmuapis A Genetcs of ste and smell posons and plasuss Prog. Mol
Bl Transd Sck 2010. N:94. P. 21324,

* Jeremy F. McRae, Sam R Jacger, Chrstia M. ot al Identification of Regoes Associed
amh Vamton n Senstvity 0 Food-Rebted Odors n e Human Genome. Currenr Bialogy
!Dl} Vol 23 lssue 16, 19 Aunst. P. 1596-1600.

! infoence of knoa essentnl ofs compositbn on her antiondam propenes and subdey
of compomerts | TA Mshama MB  Terewm NI Knlanova, MA  Kakschenko
Ohemistry of vegetable row materials. 2010 Vol 1.P. 8792
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content of food fibers in the health-improving products also significanily
changes taste and aroma of a prodict.

Existing production of food flavors in the country isn't able to meet te
growing needs of interested producers. An average annual import of natunl
flavors into the Ukrainian market is estimated at more than 96%*

There are three crucial criteria of choosing a way of processing natural
sources of aromatic substances (AS). Firstly, taking imto account that a loss
of AR even in the smallest quantties leads to a change in the aroma of a
p‘odu:l"', Secondly, conplete exclsion of chemical or enzymatic adverse
reactions that may alter the namral composition®. And, thirdly, absence of
toxie suhstanees in industrial raw material and prodicts of its procescing

Natral sources of aroma, first of all, include essential oils derived frem
domestic herbs. On the territory of Ukraine dominate coriander, mint,
cumin, lavender, rose, sage, and fennel. During the last 20 years, Lemon
Artemisia (Aremisia balchanorum Kpach), camip (Nepeta catarig),
Moldavian dragonhead (Dracocephalum moldavieum L) have bean
introduced to the industrial culture”

In recent vears, in Ukraine, atowt 100-120 tons of essential oils ae
produced per year for a value of 60-70 million UAH. However, despite te
significant experience of processmg essential oils, most of them are rot
processed in the country and are exported to other countries. At the sarne

‘Hasdn 1O, Contemporary coment of food safety and 5 regoenl mundestnon URL:
el www: sbav gov e portal’soc_gumien re/2011 & 188 pdfl § (Access due 01.11 2018

* Fractonation of Cins Ods Using 2 Membrane-Based Extraction Process / DJ. Brose,
MB Chadhw, DT. Fricsen, EAD. Lachapelle, P. Fkeren  Bovechnalogy progress. 1993, Vol
LE Xe2 P.214-220.

“ lsok and cha 1 of broats ds from plet resources: The role of
aahss m the ecthnophamecobgral approach / G Brsow L Cesni A Desamo,
G Caccnbnm, G Massoln Jowmal of puarmacentical and Momedioa! anafsts. 2014, Vol
87. P 218228,

" Frobva NE, Sika IM. Technobgr of mural ivors ocested on the domestic nw
mmw hase rlm]. Collction of research papers “Bulletin of the NTU
“HPI": New sol in hwolegies. 2015, Na 46. URL: Budksin of e NTU “HPI
(Access date: 01.11.2018)
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time it retwrns to Ukraine in a form of thowsands of items of flavors,
parmaceuticals, cosmetics, but at a pricz of 30-50 times higher®.

More often Ukrainian essential oils are bought by the countries of the
Furopean Union, and in the first place France, England, Holland and
Germany [4].

Topical and tumely are theoretical and practical developments on
excretion and concentration of a conplex of aromatic substances from
essential oils raw material and production of concentrated ratural flavors of
lang-term storage.

1. Analysis of recent rescarches and publications

In the world 1o increase the range, naaral sources of aromatic substances
are subject to different processing For this purpose, both waditional
technologies that are well-proven, and new technological processes are used.
In this analysis it is not possible to amalyze a large vanety of special
methods of processing sources of aronatic substances, listed in modem
scientific reviews’. However, in the amalysis published by Mc Clements
[10], it is stated that in the methods of processing sources of aromatc
sthstances, described in 234 randomly selected works, 78% primary wse
dstillation. In other cases it is extracticn. At the same time, in many cases,
extraction is only a preliminary stage for which distillation is used.
According o a well-known scientist, rescarcher and practitioner A. Kiss, the
technology of distillation is stll young and full of opportunities for
breakthrough'’.

' Kagancko MK Reviisg the arcam imdustry Den 2009 13 Augst URL:
Hwmw day kiev vk artic k ickonomibka vidrod Aryachi- ndusery ) {Access

dute: 01.11.2018)

? Hesod Can Buser K. Buchbauer Gerhurd. Fandbook of ml ods s technokogy,
ard apphemtoes. Boca Rasomr CRC Press. 2010, 843 p

Kis AA Adanced dutilstion techmologes dosgn, coatrol and apphcatons. Jobn Wiky
&Soms. 2013. 416 p.

McCenemes D) Food emubsons prncpls, practices, and sechnques. CRC peess 2015,
&0
‘Fl{n AA Damtieton wchnobgy-stll yoeg and fll of becakthrough opportuniices.
Jeunal of Chemical Technology and Biotechnology. 2014, Vol 89. Ned. P. 479298
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Along with distillation, selective adsorption is common'' fractional
extraction and condemsation, ultnsound, microwaves treatment’
arbdqwodislillnﬁm", steam- and hydro- distillation”, extraction of the
aromatic complex by preparative clmmlngmphy”. Selective factionation
thrangh inclision in deavyehalic acid is sropased !’

For obtaining fracuons liquefied goses are successfully wed —
hydrocarbon (Ca), chladones (halogenat:d hydrocarbons C2, C4), that boil
at temperatures below 0C and do not require special heating during
mpomn‘aa", Fractomation with superenitical carbon dioxde allows
obtaining aromatic products at fow temperatures ™.

Under the clissical laws of distillanon, when the complex mixture is
heated to boilinz components whose elasticity of steam is greater than of
the others, will Grst of all transfor into a stcam phase. I'ractional distillation
is essentially the opposite of distullation Through fractional distllation, the
processes of evaporation and condensation are repeated many times, and

' Exserminl o topenekss by exraction wing orgnke soberss or oo Sguds [ A Arce,
A&mnw.\m ASCAE fowreal, 2006, Vol 52. No 6. P. 20832097

bsbhlk exraciom of lerpenss fom  freshly squeered compe juce

P. Komthoey et al Fooad research seermanional 2006 Vol 39. Na 1. P. 335K,

" Vakewation of cins byproducts wag M Steam  Destil (MSD)y /
N Satmow MA Van EV. Matwoul C. Bowdladiret, F. Chenat Innovarnie Food Sclemoe
& Emerging Lechnoiogies. 2011. Vol 12,32 . 63-170.

" Process for he reciifcation of mimres of high-boling ar and icmpeamre-semsine
wield peodacss Paenr N US 8747621 B2, Date of Pasent: Jun 10, 2014 URL:
by pateats. google compatent/ USE747621 e (Access date: 01.11.2018)

¥ Sekcon anl ovhoton of adsorberes o capuwg arommx  subaances
cooceration of jeces and omacts /| NE Frobw, Al Ukmexts, V.0, Usenko,
KA Naumerko. deh'vﬂ 2010, % 33, P 6872

Suchimur . and Recuficaton Ulmeen's Emcyelopadia of dedenral Chesisrry.
.l)ll).?-lm

'“mham&usa Parssaks GK The dacmpenation of omege ind kava ols
J&IPH . gnply. Flovier amd Fragronce Jowmal 1990 Vol 3

&

" famn G, Fommob M, Maini S, & Resseni S, Selecthe removal of monoterpenss
o b o by inchssiba i deoxychole acid. Journal of agriculrural and frad chewisrry
2010, .‘Q&Si?l P, 54385443

" G F, Mischens M Contimoes coustavarent deterpesatvn of kma essentinl ol
M‘mdm‘hlm@uﬁuﬂe%ﬁmﬂdﬂuﬂmnﬁﬂgf&m&ﬂ
w&wm 2008, Vol 63 Ne 3. P 631661

He Z Fractsestion of Lsstcum Chunweg by Adscepion B Ssperoacal Carbon
Davade. Saduseriod & Engtncering Chemciury Research. 2012, Vol 51, MNe 44 P, 429614302
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distllate every time becomes a starting material for the next process. As a
resut, even low-boiling components condense™.

Fractional distillation is a long process, even for binary separation. For
bigger quantity of components there are more difficulties that can be
eliminated by distillation in the column for precse fractionation™. As a
resut of fractional distillation a number of separatec fractions, which boil in
the sarrow temperature limits, are formed™.

Fractional distillation of nanral sowces of aromatic substances is
conmplicated by the multiple component composition, with wide limits of
individual boiling temperatures (T,,,;), as well as the possibility of chemical
modification.

To the main goverming parameters of fractional distillation belong
operating temperature and pressure™ Data on dependence of these governing
parameters is limited. Fractional distillation is suggested to be carried ow at
close 10 | g 0f essential o1ls components. Herewith, the ditterence in e of
conmponents in a vacuum can be much higher han under atmospheric
pressure. According %', a significant amount of substances that boil at
a ic pressure at a temperatwre of 2:0°C and above with
decomposition are dispersed without changing the composition at a pressure
of 1.33 kPa and a temperature of 160 ... 210°C. or within the temperature
range from 100 to 130°C at a pressure of 0.00133 kPa. or at temperatures
frors 40 to 60°C in a vacuum At the same time, there are some difficulties
comected to lowering the pressure of the process. First of all tangible
fluctuations of emperature within the limits of 10 .. 15°C at the beginning

3 Deilleion appled 10 the processing of sprrits and aromes / AJ. Mereles, AC Batsn
Edurda, FA Scomovie Hekns, RM. Batsta Fibo, Ceruni Robern, FL Lo Lue
£.unrqu vat"mm Tiheory and Applications. 2008 P. 75-136,

b DV, Expenmental ches of an efficency of e dstibiton poocess of

btul)amnca Mslrhfrnnglmu 2013. 5. 10.P. 3539,

Stchibur ) Dstibton and  Rectifcation  Ulmann’s Escyoopedio of  Indusrrial
mmum 2010. P. 436-484

¥ Sudocov Y1, Choyesho VL Pro and equp of ¢ chermcal and ph al
nh:n numml for fm and chem specilizd Unmersities. Kyw: 4\mnxnrh¢ 2009 290 p

 Gnm M. Wmzk M. Apphaton of vacam membone ditilion for concemraton of
crguae sobgons. Chemical Papers. 2016 Vol 0. Ne 6. P. 737-46.
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of distillation, decrease of the general speed of mass transfer and,
accordingly, increase of distillation ime™,

From modern scientific publications on the methods of fractional
distil lation of aromatic substances sources informative is the distllation of
essential oil of lalian mandarin into fraction The process is realized in a
column (30x2.3 cm) with receipt of 4 fractions: saturated and unsaturated
monolerpenes,  oxygen-containing  substances, mixture of nitrogen-
containing substances with terpenes. The most unstable fraction of
unsaturated monofilaments is removed. All other fractions are combined and
used as a persistent flavor of an orange smell™. Fractional distillation of
lavandin allows extract three fractions™ [28]. The first fraction contains 50%
of terpenes, in addition 18...20% of rosoxide, which has a distinctive
geranic smell and 17% of menthol and isomenthone, which have a mimt
aromm. The second fraction — carbonyl-oxide corsists of 23% of terpenes,
30% of rosoxide, 25% of menthol and isomenthone, as well as 20% of
linalool, which contributes to the general flavor a lily of the valley aroma.
Composition of the carbomyl (third) fraction consists of 10% terpene
hydrocarbons, 10% rosoxide, 400 x 50% menthol and isomenthone, 10 x 20%
linalool, geraniol and citronellol with distinctive rose aroma Out of
carbonyl fraction isomenthone oxime, which degrades the aromatic
properties of this fraction is exerted. The obtained fractions are natural
flavors.

Fractional distillation is also used to obtain a water essence of citrus oils
with high content of aromatic components and low content of terpenes™

¥ Wies S Phase oquibium n chemial schobgy n 2 v s fom Engsh
AR Hespaknmyn, ed. C. Beskov. Moskon: Mi, 1989. 304 p.

Fmﬂcw:ﬁzlﬂdmwhﬁcmm Eguiboam data oo
model ond real systens m 2982 K /D Gosgah CC Kosh ME Teschke,
CECRMQ:S FMP&ME@MW 2015. Vel 399?1!? 97

A oo of | ok obuined fom b dn v diferent eximcion peocesses
- 4 el al B oo 2 MML.\_._ T IS, Pérno.b
CGu:aGanmFC‘hm:Maf(‘hmet 2013, Vol 1305, P. 41-47

Ascendig  bubbk exraction of tempenss Som Fedly sgueend  ornge  uce
P Komthoeg T. Kmoh N. lga M. %hmduclalFmdmjme "006
Vol 39. % 1. P. 53-38.
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The amalysis of recent rescarches and publications has indicated
narrowness of data on theoretical modeling of the influencing parameters of
fractional distillation o natural aroma sources.

The aim of the subnatted paper is representaton of scientific researches
on the development of theoretical modeling of parameters of controlled
essential oils distillation ingo fractions of given aromatic characteristics.

2 Present of the nain material

The peculiarityof clasical essential oil production is that fresh essential ol
(EO) may not be immediately realized, as it does not comply with internationd
regulatory documentation. It takes extra time and operatiors after which oil
becomes marketable. This increases material production costs,

A viable alternative to the processing essential 0ils of the onginal quality
is the controlled distil ation into fractions. As it is a physical process, the
resulting fractions are natural flavors. As a result, from a single essential oil
a series of natural flavers of different flavors may be obtained.

The operating schene of modeling included:

1. Determination of valid Tea of EO components under atmospheri:

e,

2. Establishing the equilibrium distillation presiwres of an EO and relative
fugitiveness of a as the ratio of pressures at constant temperature.

3. Construction of the equilibrium curves of ccmpositon of the liquid and
steam Y-X for the key sonponeats of EO.

4. Calculation of a minimum mumber of theotetically perfect plates and
operationing reflux ratio of EO distullation.

Scientific researches were carried out on options of obtaining the
specified parameters through classical works on distillation of complex
mixtures™, modem foreign publications™, and original domestic articles™.

¥ Optmizmeva of akolwl desibtion process /| YV Bdy, PL Shhan AP Dmvnd,
AM. Kats. Chesary and ieanciogy of food. Kaams: PICTU. 2015, V. 49,3 1. P. 2028

Fomkim OV, leomev SA, Galeev RM. Cakubmons of e comsums of phase
uquihnum SPb: Nadra, 2000 105 p.

L Y, Diikdier M. £, Chen B et 2l In witro studes of a detilue of recufied esserzal

ols Jmakmmradafrumbm’& allorgy. 2014, Vol 28 Ne. 3. P. 244-248

' Korchagn VI, Asspor MA. On the ssue of scpantos of baary systems. Buliern of rhe
Rursk Stave Agricwliwral Academy. 2018 Ne 2, P. 7375
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Components of EQ have differeni fugitiveness, which depends on their
boiling temperamres {(T,.;). This is the indicator that connecls structare of
EQ components, their plysicochernical properties with  thermodynamc
distillation parameters. The values of Tee of aromatic substances given in
scientific publications have divergences at the level: 10.. 45 °C*

To dewrmine the valid Tea of essential oils components logaritim
correlation of rectified holding fime (Kovac index — K1) with Theq was uwsed.

[t showld be noted that certainty of [K values of aromatic substances can
be achieved only under own researches, subvect o the condions of GC
analysis on existing equipment, the comrect choice of standard subsiance,
stationary phase mark The following sequence of actions for determining
IK of ECY components s sugoested.

Primarily a cheomatograph of a base mairix of six n-paraffing is obtained
(Pictare la). Owi of the EO chromatograph, for example coriander | Picture
1b), relative maintenance fime of its key comporents 15 determine and [gi'R
logarithm valwe for each component is rated. Then, under the systiem of
coordinate gird the chromatograph of a base mamx is imposed on the
essembial odl chromatograph (Picire lcj and n-paraffice between the
components are siimted are set (On Picture le these are component 3, it is
sifsted between Cl0 (decane) and ClI (hendecane) — t'z10 < 5< t'2z11)
Such an operation allows set reference poinis (n-paraffing) io calculate the
values of Kl Calculation of the Kl is recommended io be conducted on a
computer program in the Visual Basic environment™.

= Plemerkow WV, Chemiiry of soprencids. Chapier & Monoterpenes.  Chemirry of
visperable rnw maerials. 2006. M 2 P 65-37.

Mobamed S A Beshr M., Rshah Mobomed A A Seubstion and cherscierpation n the
refrg mduery A review. Jfoumal of Perrolenm Techwology and dbemarive Fuels 2014
Vol 5. Ne 3 P 2630

* Frobwa NE, Sika | M Compuisr progmm of cakulbiion of mschromene parameters of
connmEnent of euai'nl ok componenis. Bulerie of the Khmolnist Novional Oniversin:
Teckuiom! Sciemees. 2006, Me & P. 155-13T
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Picture lc. The imposition of the
base matrix on the coriander EO
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Picture 1a. The chromatograph of

n-paraffins base matrix chromatograph
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Picture 1h. The coriasder EO Picture 1d. The calibration schedule
chromatograph in coordinates KI - Thoil

By KI values and correlation dependence of Kl to Ty, the actual Ty of
EO components is deermined (Picture 1d)* Valwes of the coriande EO
components correlation constants are listed in Table 1.

Table |
The correlation constants of coriander EO components

e of apex | Calculated Kovac index (KI) Identified component | T, *C
1 942 @ pinene 130
2 951 camphene 180
k] 979 p-myrcenc 163
4 998 d-limonene 172
] 1017 cineol 173
" Development of a nethodology of 4 " the bodng pomt of vobtle somatc

components of cwentnl ol | NE Frolowa, S.1. l‘mlwl. V.O, Usesko, IM. Matko. Foud and
processing indvsery. 2006, M 12, P, 42-47
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M ofaper | Calculited Kovac index (K1) ldentified component | T, ... *C
3 1032 B-phellandreac 175
7 1060 n-cymene 183
8 1089 I-linalool 185
9 1096 d-camphor 198
10 1118 linalyl acetax 204
11 1165 I-barneol 211
12 1180 el puocul 220
13 1243 geramol 229

The refarence points of the equilibrium pressures of EO distillation are
situated in dependence of key components T and relevant vapour pressure.
In the information field, such data is limited to processing of spruce extracts,
and also terebenthere terpenes™. We sugpest carrying ou calculations of
equilibrium pressures values from key composents Tiga according to the
Duhring rule[40], which is represented by the equation

6=y
R 0
where: 1, — EO components T, under atmospheric pressure, °C; t, — EO
components Teoq under the investigated pressure, °C: 1,7 - ¢ — difference
in T,y of standard liquid under atmospheric and investigated pressure, °C:
C - Duhring corstant. As a standard liquid for terpenoids water was used,
for terpenes — a-pinene.

In order to prevent systenatic errors that are possble within low
pressures, it is addiionally proposed to use Kalingert-Davis nomogram in
the system of reference A-B® In the Table 2 the set values of equilibrium
pressures a the EO key components Ty are listed.

* Rudakor GA. Chessirry and techobgy of camphor: 2nd, revised and cirged edizoa
Moskow: Foresiry indusiry, 1970, 348 p
* Wiss & Phase equibeim n chemical sschnobgy: n 2 parss [ wms fom Erglsh AB
Bespalnmyn, od. C. Beskov, Moscow: Mi, 1989. 304 p.
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Table 2
The values of equilibrium pressures of the EOQ key compone nts

T . Pressure. kPa

°oc @-pincae b cincol | llimaloel | citral nervl
myreene

20 043 0.28 022 . .
40 0.79 053 044 - 0.34 -
60 138 0.96 0.77 . 0.609 021
80 233 163 123 . 1.05 0407
TO0 3.73 293 215 347 176 [Nt
120 593 426 330 541 2.7 1.24
140 19.1 1426 1134 1733 9.46 -
160 8705 67.19 58.1 79.7 494
170 . . 100 25 . 857

Calculated and refined data 15 used to determune the values of equiliboum
pressures for distillation of EQ. So, when distillation of EO from camipto a
key component linalool, it is sufficient to keep pressure within (2,66...133)
kPa at distillation temperatures (57...62) “C.

In se;undal subsystem linalool-citral operating pressure should be kept
within (1.33...0.96) kPa at temperature (62...80) °C. For subsystems ciral-
citronellol (80...92) °C - (0.96...0.66) kPa and citroncllol-geranyl acetate
(96...100) °C - (0.66...0.33) kPa. Relative fugitivencss of a charactarize
ability of EO components transfer to a steam phase. According to A. Gorak's
data”, pressure drop from 101.32 kPa to 6.67 kPa allows increase the a value
from 1. 1t 1.23 and at a further decrease to 1.33 kPa, value of « increases 1o
2.68. Thas, when modeling the EO distllation regimes it is necessary o
include the pressures behind which, within T, of EO key components, o has
the biggest values (adjust with the temperatures of the selected refrigerants).
The temperature intervals of EO distillation are selected within valid Tyaof
compornents at the set equilibrium pressure value.

Consiruction of equilibrium curves for liquid’'s composition and stzam
V-X for the key EO components allows determine the minimum number of
theoretically perfect distillation plates. Composition of a steam phase can be

7 Goak AE Soremsen Dstibtve fndamentak and princples. dcademic Press. 2014
41s5p
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found graphically, besed on the composition of @ liquid phase. However, this
method is much mor: complicated than the caleulation method; therefore we
should restrict o only mentioning it More detailed description is given by
Thormann and anmpn".

Determination of minimum rumber of theoretically perfect EO distillatios

plates Ne... is conducted by equation Fenske-Uncerwood”:
}s‘xu v ].‘xux
e @
- lga,,

where: X,¢ — dietwlin of low-boiling compcnents LBC from the prviows
subsystem in a steam phase, % of mass; X — diethylin of high-boiling
component HBC of current subsystem in a steam phase, % of mass: X -
diethylin of LBC fram the previows subsystem in a steam phase, % of mass
X:s — HBC of current subsystem in a liquid plase, % of mass: a — relative
fugitiveness of components critical steam

Also deerminaticn of n,,, may be conducied using the nomogram of
Melpolder and Hedington, developed wsing Fenske-Underwood equation
(Picture 2).

Calculations prove that through real disullaion of EOQ from catmint,
enriching the distillae with low boiling components by 0% is possible evea
with their content in the initial mixture is abou 5%. For subsystems ciwal-
citronellol-geranyl acetate such a result may be achieved only when conten
of the components in the initial mixture stats from 40% of mass and
demands a number of theoretically perfect plates =18._.19.

To influential goveming regimes of EO rectification belongs the reflux
ratio V, as a ratio of hot reflux (of phlegm) to tn amount of distillate, As V
= min the subsystem of set composition may not be obtained under any
conditions, and a number of theoretically perfect plates becomes infinitely
large (n = «).

® Crk E Mamnl o bbomtory distibton / wams fom Geemom ed V. M. Olewskiy
Mushow. Cleusiy, 198). 520 p.

* Frokna NE, Ukancts Al Thoosetral schstastinton of parameters of cssentnl ok
factwm! dstllation. Foed Science and Technology. 2009. ¥ 2 (7). P. 5458,
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Picture. 2. The nomogram of Melpolder and Hedington
for determination of minimum number of theoretical degrees
of EO division as V = «

As V = m, rectification takes place withow caich of distillate and the
system works on its own Increase of a reflux ratio of V_, value allows
conduct rectification in a colunn with a determined number of theoretically
perfect plates. Namely Vi V., form limit conditions of rectification

Operating reflux ratio is determined by practical tests. To start the
rectification Vi, should be determined out of equation:

V_ = 3‘;‘--1, (3)
where: X, - weight percent of LBC in the distillate, ¥ - estimated
coefficient calculated from equilibrium curves.

Values of reflux ratios V and numbers of valid theoretically perfect
distillation plates are determined from equilibrium curves for each pair of
key EO components/

Range of operating reflux ratios V,pewes, 8t the beginning and at the end of
rectification are determuned up to a number of theoretically perfect plates N,
which is determined by McKeb-Tile graph method ™’

The calculated values of a mininum number of theoretically perfect plates
of camip EO disnllation indicated that for pairs of key components

* Mamchesko VO, Domercskyl VA, Shwan PL e al Akobol sechnobgy / od Prof
VO Maschesko Venssa: Podilya, 2003 4% p.
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myreene-cineol N, = 4.0 is sufficient; cincol-limalool — N = 5.6; limalool-
citral - n, = 6.1. For a pair with high-boiling components, in particular
citral-citronellol, n., value nses to 18.0, and for cironellol-geranyl acetawe
Mo = 19.5. It was also found out that for pairs of low-boiling components
(myrcene, cincol, linalool) enrichment of distillate with components up to
90% of mass may be achieved even if the contert of the components in the
imtial muxtwre is from 5% of mass. For the pairs citral-citronellol,
citronellol-geramyl acetate such a result may be achieved if content of the
components in the initial mixture is from 40% of mass.

On Picture 3 the equilibrium curve for the pair citronellol- geranyl acetae
of camup EQ is shown.
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Picture 3. The equilibrium curve for the pair citronellol- geranyl
acetate of catnip EO

The results of theoretical modeling of catmp EO distllation regimes re
given in Table. 3

A similar theoretical modeling of fractional disullation parameters can be
made for any EO if there is corresponding output data. Flavors obtained using
theoretically modeled and realized in real processes are relevant in
formulations of perfumery, cosmetics, phanmaceutical and nutrition products.

Nowadays it is complicated to imagine at least one branch of the food
indusery, which would not use food flavors in manufacturing of its products.
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Table 3
Model regimes of catnip EQ distillation

Pairs of key Tempersture | Pressare, g | nmin v
COEpaNE mis TEN{ES, " EFa ‘
Myrcene - cineol 57...62 266 X1 ) 246 4.0+ 05
Cineol - linalool 62...80 1.33 258 2B 6.0 + 0.5
Limalool - citral ED...92 1.33 23] 3l 70+ 0.5
Cutral -~ citromellol ... 1M} 0.6 |.56)] 10 1200+ 1.0
Cutromellol - geranyl 1HD. .. 1 20 0.33 44| 10 4.0+ 1.0
aceiaie

A promising area of scientific research is application of flavors in the
technology of milk and milk-containing products. Aromatisation of dairy
products can be carried out in different ways, in particular:

— direct application of flavors of matural or chermical ongi;

— usage of aronmatic componenis © enhance the smell of fruit and berry
fillers used in manufaciuring of produocts;

— application of various compositiors of spices.

Widespread is the wsage of flavors in production of buiter with reduced fat
content and spreads (mainly of “crearyy flavor™), and also rennet cheese
{creamy, evaporated mulk aroma, a specific cheesy in the production of
cheeses with accelerated nipening modes, etc.) aroma of mushrooms, ham,
shrimp in production of processed cheeses, and also in composition of
drinkable types of mulk, yoghuris, caseous products, eic.

Widespread is the usage of flavors in production of drinkable types of
milk. Instability of a protein phase of milk during a reduction of
environment acidity makes it impossible to use matural froits and berries in
the technology of drinkable milk and cream Therefore, o provide atiractive
and diverse organoleptic characieristics, flavors with identical o rataral
fillers aromas — strawberry, kiwi, raspberries, melon, banana, vanilla, ete., as
well as food colors and sweeteners are inroduced ingo these products. The
technology of the echnology of milk cocktails for preschool- and school-
age children with balanced composition, emriched with a complex of



vitamins and mincrals was developed”. Providing bright attractive
organoleptic characteristics of mulk cocktails is also achieved by the
introduction of food colors and the addition of flavors.

At the National University of Food Technologies sour cream products
were developed. As flavoning fillers salt, dill, dry mushrooms, taste and
aromatic additives™ {with the taste and aroma of cheeses Cheddar, Gauda,
Parmesan etc.) were used. Among one of the most popular products are
yvoghurts that are deservedly in demand due to their ngritional value and
dictary properties. Yogurts are produced wsing cow, goat, sheep milk
without or with the additon of fillers or supplements. Yoghurts are made
according t the basic recipes, which include dry skimmed milk or a
structure stabilizer, a starter and sugar (if necessary). All varicties of
organoleptic characteristics are achieved using taste and flavoring fillers and
additives, in the quality of which pieces of fruits, muts, cereals, dried fruits,
ete., can be used as well as flavors, ofien synthetic ones®’,

In production of dairy products, milk fat or (and) protein are partially
replaced by appropriate constituents of vegetable or animal origin (vegetable
fat, milk fat substitutes, soy protein isolate, etc.). In addition, dairy products
based on soy milk, such as yogurt and drinkable milk are becoming popular.
This is primarily due to individual intolerance to lactose of a part of adult
and child population, and also spread of vegetarianism Naturally, such
products have a specific taste and smell of beans, which necessitates use of
taste and aroma fillers and additives.

In the technology of dairy products outcomes of processing of fruts and
berries — jams, basins etwc. are widely used. The technology of their
production involves heat treatment of raw material, which naturally leads to
a decrease in the intensity and change in aroma and color. Colouring agents
and flavors are used to enhance and restore aroma of such products.

“ Brykova ZA. Pamideeva 0.G. Mik cocktads for chiliren Milk processing. 2011, Ne 9
(143) P.56-38

“ Kasymova N.O,, Skorchenko TA. The sechnobogy of production of dary products on the
bass of sour cream. Dagry business. 2004, Ne 8. P. 32-34

4 Konarn 1P, Dubovaya NF., bakhm AP Rok of dury products i henun mergion
(review of Berature). Hygione of populated places. 2014, lssue 63 P. 223.228
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A promising source of nawral taste and aroma compounds in dairy
products technology is spices. What is more, the spices contain biologically
active substances (csscntial oils, torpenoids, phenolic and  polyphenol
substances, vitamins, micro-and macro elements, etc.), that are involved ina
metabolism of the human body, have an ability to regulate metabolism,
exhibit bacteribstatic and antioxidant activity. Thus, addition of oregano
essential oils to sour milk cheese allows reduce the speed of processes that
cause spoilage of the product, thereby extending its shelf life®,

At the Naticnal University of Food Technologies recipes of sour milk
paste with conpositions of spices on the basis of sour milk cheese and sour
cream are developed®. Compositions for dairy pastes included spices such
as anise, anise, cinmamon, cardamom, ginger, trmeric, cloves, black
currants, sweet pepper, trigonella, nutmeg and sumac. Application of
compositions of spices allowed not only to get products with a diverse flavor
and aroma range, but also to provide more stable quality indicators of final
products during storage,

As an altermitive to the usage of spices in their natural state, conditioned
by the need for their preparation and somewhat unstable quality indicators,
depending on the conditions of obtaining, transporting and storage of raw
materials, is semoval of an active fraction with obtaining of extracts.
Extracts of spices depending on the concentration of useful substances are -
liquid, thick and dry, from the type of solvent — water, alcohol, essential, oil
and obtained using liquefied gases (COpyextracts).

Liquid extrts are widespread due to predicted correlation between active
substances, corvenience in measurenent, ease of obtaining However, there
is also a number of disadvamtages: increased contemt of concomitant
substances received from plant raw material, the appearance of sedimene,
need for sealed packaging®.

* Ascrso Chudn M, Grosso Nelson R, Juleni H. Rodolid Qualty presenation of ocgmic
cotiage chocse usie orcpno cesennl ol Food Scivmee and Tochnology. 2015, Vol 60. lsse
1P 664671

Y Kummk UG Inproving the wchnology of sour mik pastes wih spices: thess e
buaimng PhD. i ochrcal scienoes: 05 1804 Kyiv, 2018 174 p.

* Denmova EA Casoos amd cerenl prodicts. Food and processing indvstry. 2008, lssue 2
P, 12-13,
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Spices pleoresins usually contain a complex mixture of volatile oils (10-
25%), trglycerides, sterols, waxes and resinous substances. Oleoresins
usually have low mutual solubility, but completely preserve the taste and
aroma of natural spices”.

Today, the cleanest and most natural product is CO,-extracts obtined
wing pwified liquefied gases, while retaining their naturalness and
correspordence of taste and flavor of intial raw materials but are of high
cost.

Since aroma of spices is determined by the cortent of essential oils, their
extraction in pure form and usage for dairy products is promising

But the spectrum of aromatic characteristics of such essential oils is rather
narrow, not always combined with the milk base, especially the dessert ones.

To avaid these disadvantages and create a variety of flavors that will
satisfy the most demanding corsumers, usage of fractional distillation of
essential oils should be wsed In accordance with the proposed method,
rectification of cssential oils of plants from the climatic zone of Ukraine
(buds of garden trees — apple, pear, cherry and bushes — curranss,
ra i€s) was ¢ :

On the hasis of obtained fractions concentrated flavors were obtained with
usage of which drinkable yogurt “Harmoniows™ and spread “Caraway
arones” and “Citrs™ were developed. Through the production of yogurt
flavors were added into fermented muxture immediately before packaging
After adding flavors, the fermented mixture was stirred for 5 to 10 minutes
and procceded to packaging Spreads are made by ransforming a high fat
nuxture. Flavors “Caraway aromas™ and “Citrus” in the amount of 0.02%
and 0.022%, respectively, to the mass of dry matter was pre-diluted in a
small porion of the emulsion and added to a normalized, high-fat mixre at
constant stirring, then the process was carried out according to the general
technological scheme. The resulting products had a characteristic taste and
smell with an afier-taste of spices and a spicy aroma.

“ Rao AV, R LG Caroienoids and human heath. Pharmacological Research. 2007,
b 38 207216,

“ Frobm NE Theoretcal substastution asd deveby of technoboges of nosaral
concerrmed Anoes TOm aherenl mw mubl Sesk £0 ObANNg sckoe degree of S
of sechoical wences 051806 Ky, 2017395 p
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The usage of natural flavors obtained by fractional distillation of essential
oils will contribute to the expansion of the spectrum of food flavors and the
range of nutrition products with the usage of ratral ingredients, which inits
turn will increase consumer confidence and allow them to be offered for wse
in s>ecial-purpose product technologies, in particular for children and diet
nutr tion.

CONCLUSIONS

1. Fractional distillation of namwal sources of aromatic substances is an
effective process in processing of nawwral sources of aromatic substances in
order 1o obtain a wide range of natural flavors.

2. Theoretical modeling of fractional distillation regimes allows, in real
life conditions, form a set to aroma fraction by cellecting into a separate
fracion of key aromatic components and a number of other, close to the key
oncs in fugitivencss and boiling temperature, and also significantly reduce
expenses of energy and material resources.

3. The modeling regimes of fractional distillationof essential oils include
the acmal T, of EO components at atmospheric pressure, the equilibrium
pressures of EO distillation, the relative fugitivencss of a. the minimum
nuber of theoretically perfect plates and operating reflux ratio,

4. The target products of the development are fractions of different aroma,
which can be used as independent natural flavors, and as components of
fracions combinations of one essential oil or variow essential oils.

5. Fractuonal distillation does not destroy the nawral structural bonds of
essential oils components, preserves their biological capacity. Combination
of essential oils fractions according to the determired mass ratios provides
nunerous vanants of matural flavors for usage in food, in particular dairy

industry.

SUMMARY

Ir this paper the results of theoretical justification of coherence of setting
model regimes of distillation of essential oils into separate aroma fractions,
which are highly concentrated flavors of long-term sorage, are represented.
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High-performance essential oils distillation requires adherence to strict
process conditions, crucial for regulating fraction's aroma. Complexity in
determining of such regimes consist in duration of experimental cstillations
with mentioned essential oils expenses.

Theoretical modelling of distillation parameters provides, through real
dstillations, development of set fraction’s aroma on account of collecting
key aromatic components and a number of others, similar to the key ones in
fugitiveness and boiling poirg, into a separate fraction.

To model regimes of essential oil fraction distillation valid Thoil of
essential oils components at ambient pressure, equilibnum pressures of
essential oils distillation, value of relative fugitiveness of «, is ratio of
pressures at a constant temperature, are attributed. A minimum number of
theoretically perfect plates and operating reflux ratio were taken into
account.

Fraction distillation docsn’t ruin natwal structural bond of essential oils
compounds, preserves their biologic ability. Combining fractions of one
essential oil or various ones by the determined mass ratios provides
mmerous variants of natural flavors for wage in food, in particular dairy
industry.
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