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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 o f die problem sou ask; "What is aroma?” TTien remind, how 

smell sweet cream or freshly baked fancy cakes at your place and sou w on’t 
help the pleasant feeling of satisfaction and upraise Aromatic fugitive 
fraction is a compound of air ipon a nutrition product During an inhale of 
such air aromatic substances interact with one or more man olfactory 
receptor and a man feels produci's smell.

Ability to percept smell is connected with a deep biological natire of 
nan1. Individuality o f aromatic preferences is hidden not only in genetic 
code o f a person, but also in upbringing. Iifcstsle:

A positive impact o f aromc on a Iranian body should be mentioned 
Aroma calms, notifies, balances, relieves cramps, relieves pain and prevents 
inflammatory processes. Some aromas control processes o f body's cellular 
generation and turnover and thanks to this stimulate biological processes in 
cells*.

No nutter how the theory of smell and the nature o f its perception is 
interpreted, for food manufacturers, the problem o f available soirees of 
natural aromatic substances, the preservation of natural flavor in nutrition 
products remains important F.coIogical changes, intensification of 
production reduce a part of natural aromatic substances in o ir food. 
Furthermore purposeful decrease o f content o f  fat sa lt sugar, increase of

'  Reed D R . Kniapfa A  Genetics o f  lastc and smelt poisons and pbasur-s Prog Mol 
Oot Jnuu l ScL 2010..*i94. P. 213-C4U

2 lo o m  F. McRae. Sara R Jaeger. C'Iih u u  M el at ldmiti.JU.ei o f R eads  Assoc sued 
B«h V u u lm  n  Senstnitv to Food-Rr tiled Odors n  the Human Ckikotk CdntM Kiologv 
201} Vot 21 Issue 16 19 As^usi P 096-1600

1 lu k c n x  of b ra d  cssemol «is sonposaun on -V i utioudanl prcfKftcs ant subdrs 
of compsdms /  T.A. Mtshiriu. M B lereneu N.l Knkumsa M A RifenheiAo 
Ou-m iury of\cgei<Me raw m itrla h  2)10 Vol I P 87- 92.
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content o f food fibers in tlv health-improving products also significantly 
changes taste and aroma of a product

Existing production of food flavors in the country isn’t able to meet tic 
growing needs o f interested producers An average annual import o f natural 
flavors into the Ukrainian market is estimated at more than 96%4.

There are three crucial criteria o f choosing a way o f processing natural 
sources of aromatic substances (As). Firstly, taking into aecouit that a loss 
of AR even in the smallest quantities leads to a charge in the aroma of a 
product' Secondly, complete exclusion o f chemical or enzymatic adverse 
reactions that may alter the natural composition* *. And, thirdly, absence of 
in x ii ' a iM tM T M  in  in d u s tria l ra w  m aterial an d  p roduct«  o f  its  p ro c e ss in g

Natural sources of aroma, first of all, include essential oils derived frem 
domestic herbs. On the territory o f Ukraine dominate coriander, mint, 
cumin, lavender, rose, sage, and fennel During the last 20 years, lemon 
Artemisia (Artemisia balchanorun Kpach.), catnip (Nepeta cataria), 
Moldavian dragonhead (Dracoccphalun moldavicum L ) have been 
introduced to the industrial culture

In recent years, in Ukraine, about 100-120 tons o f essential oils ire 
produced per year for a value o f 60-70 million IJAH However, despite tic 
significant experience of processing essential oils, most o f them arc rot 
processed in the country and arc exported to other countries. At the sane

‘llo a tu  L O  Cooicraporaiv camera W food safety aai b  reposal muufctttum I.U.: 
tBp. «bev-.gov to portal ux. jiurocn rc 2011_8_l/S5 pdf S( Access due 01.11.2018

* Ftactaxuiam of C iru . O k  11 sue a Mentuane-Bircd Extraction Piocos D J  Brae, 
M B Chaltaw. D.T. Frieten, Ed D tadujxtfc P E lm m  BMechaalogy progress I W  Vat 
II. S t l .  P.214-220

6 I iota inn and ctnractcrcaonn of hicotuc compotnk from pbra rooravo  Ih ; role o f 
asoKsB n  the clhnnptnnDacobpcal jppcuch G  Busoni 1 C e u n  A Dectamro 
G  Caccnbna. G  Masrofei Journal o f ptarmateutica! a*J hiomciiical eutalysis 2014 Vol 
87..P. 218-228.

Frobva N.E., SBu I M Tccb»bg> of tutural t w o  ixvned on the domestic re* 
trutcrnl and cqupnwil base |Texl) CotitetkM o f  research papers "Bulletin o f  the- S'TU 

HPI" New roArflo.it At modem lechuokgks 20IJ. S t  46. LRL: Bdfcui o f t e  M l  1!P1" 
I A ccor due 1)1.11.2018).
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tine it returns to Ukraine in a form of thousands o f items o f flavors, 
piarmaccuticals, cosmetics, but at a price o f30-50 times higher*.

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

Topical and timely arc theoretical and practical developments on 
excretion and concentration o f a complex o f aromatic substances from 
essential oils raw material and production o f concentrated natural flavors of 
long-term storage.

1. A i u l t  i n  o f  r e c e n t  H K i i i h c »  .u x i p u b lk r t i o in

In the world to increase the range, naural sources o f aromatic substances 
arc subject to different processing For this purpose, both traditional 
technologies that are w ell-proven, and new technological processes arc used, 
hi this analysis it is not possible to analyze a large variety of special 
methods o f processing sources o f aromatic substances, listed in modem 
scientific reviews*. However, in the analysis published by Me Clements 
[10], it is stated that in the methods of processing sources of aromatic 
sibstanccs, described in 234 randomly selected works, 78% primary use 
dstillatioa In other cases it is extraction. At the same time, in many cases, 
extraction is only a preliminary stage for which distillation is used. 
According to a well-know n scientist, researcher and practitioner A. Kiss, the 
technology of distillation is still young and lull o f  opportunities for 
breakthrough"1.

* Ka*yon:i*o M K. Resit»: the aroma »luor> Den 2009 13 Auaat l.RL
itp : nWwwdiykcv uiUkeruck ekoannikaytbndjtuiwh-ndisa^u-jrcimatK (Acecm
due 01.11.2018)

* HfeaQ Can Baser K , Hixhhaucf Gerhard. Ifanfrook of essemai .xfc sernre. technology, 
ard appkx»>r& Bcea Kancm CRC Press. 2010. K43 p

K tu  A.A Advarccd d sd ax in  icehiotncKS Jesaoi ccotrol on) afpkotiiiK k i n  W'fey 
ASoibl 2013.416 p.

McCfcnx-in D J Food enuiunre. ptncipks. pnetaxs. ant lechnqiies. CRC press 2015. 
t#0p

K&s A.A Dedounn lectnokgy-sd to«*: and I J  of breakttroigh opportuuucs 
Jcunul o f  Chemical Technology and Hotechaoiog,. 2014. V ol X9. ,V»1. P. 479-498
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Along with distillation, selective adsorption is common", fractional 
extraction and condensation* 11 12 *, ultrasound, microwaves treatment", 
turbohvdrodistillation14 15, steam- and hydro- distillation", extraction o f the 
aromatic complex by preparative chronetography*. Selective fractionation 
th rough  in c lu s io n  in  r f a n iy rh o lic  a c id  is  im p o s e d i:

For obtaining fractions liquefied gases are success till ly used 
hydrocarbon (Ce). cldadones (halogenai.xl hydrocarbons C2. O ) ,  that boil 
at temperatures below OC and do not require special healing during 
evaporation1“ Fractionation with supercritical carbon dioxdc allows 
obtaining aromatic products at low temperatures''.

l.'ndcr the classical laws of distillation, when the complex mixture is 
heated to boiling, components whose elasticity o f steam is greater titan of 
the others, will irst o f  all transfer into a steam phase Fractional distillation 
is essentially the opposite o f distillation Through fractional distillation the 
processes of evaporation and condensation are repeated many times, and

' '  t» c n n l  o l u ipc iebu  by curactroi евваг organ: soXcret or ro c  k ju k  Л A m ,  
Л  M ankato. О. RoJrfeuez, A. Solo d JO tS /o w m l 2 Ш  Vol S2..Vi6 P. 2OXS-2097

'■ Asccnlira kibble cxnclro i o f inpcns  to m  trediy squeezed c a r e  juee 
P Koashcag et a t Foodresearch іяіегкаїїапаї 2006. Vol 59. ЛІ I. P. 53-58

11 Vakeunum of etna, by-products i&ng M uaiim c Steam U snlitoa (MSI))
N. Saixaout М Л Van, KV. Mtauout C. liouselcdiict F Cheroot binm atne fo o d  Science
Л Onerglng lec/MObgks. 2011. Vol 12. Л  2. P. 63-171).

14 Process far he rccufcntfati of nucMcs of hub-Nicfag a r and Ігпрог&гс-мзвіпс 
iseid pcodaxc Расі» S i  I S  8747621 B2. Due o f Р а к к  Jun II). 2014 URL 
baps: paten« gcogkrcampjtcnt I.S874762I de (Access due: 01 11 2olXi

15 Sefcemn anl eiabnlnn o f adsotbems fat capture^ airenxc sifwartcs durag 
сотеє iKrjuxi o f jates end curacb I N.E. Frolova. A J. bkiaacta. V.O. Usenko. 
K A Nauncrko SeiM tflc /мре/ o f  \l!F T .  2010. A  33. P. 68-72

S ichhur J. D rain.m  and Kcttiieatun l bum 's Encyclopedia o f Induaral Chcmutn 
2010. P 456 -4X4

“  Tzinxns N.E_ Landakis S.E_ Рагвсаі» G X  The delcspcnKaxi of onsuc md fcnroi ufc 
usn* ргсгилшс aifaxptcn chromatograph* F hntnr and Fragrance Journal 1990 Vol 5 
S t  I. P. 57-67

Fat«n G , F oom nb M , .Maietli S , A Rossetti S Sefcetne nrtmval ol ironwrpcrcs 
icon betgamx o l  bs uv Івані m dcnnvhotc acd  Journal o f  agricultural and fta d  c k a x u tn  
2010. ЗЙ 5$<9|. P. 515X 5443

" G i n  F., Mae hero M C o a n .e s .  содосгютса detapem um  of b m n  cssciunl oil 
by meats. of «pete tea l carbon dxnodc kxpersrcntal dau  an] ptcee-ss nvdclng Chemical 
EngMeermg Science 200«. Vol 63 .4  3. P. 651-«.!

’* Mb /  Fraclwutxin o f Im a ltum  C tu in u ee  by Adsceptroi r, Sspcnrteal Carbon 
D iaafe Industrial A Kngineenng СЬемШгу K etevxi. 2012. Vol 51 .4 (44 . P. 4496-14502



distllatc every time becomes a starting material 1er the next process. As a 
rcsiit, even low-boiling components condense^

Fractional distillation is a long process, even for binary separation For 
bigger quantity of components there arc more difficulties that can be 
cl imitated by distillation in the column for precse fractionation'1. As a 
rcsiit o f fractional distillation a number o f separatee fractions, which boil in 
the tarrow temperature limits, are formed“ .

Fractional distillation o f nanxal soirees of aromatic substances is 
conplicatcd by the multiple component composition, with wide limits of 
individual boiling temperatures (T ^ ) ,  as w ell as the possibility o f chemical 
modification.

To the main governing parameters o f fractional distillation belong 
opc ating temperature and pressure*'. Data on dependence of these governing 
parameters is limited Fractional distillation is suggested to be carried out at 
close to I ot essential oils components Herewith, the dilterencc in 1 h»aot 
conponcnts in a vacuum can be much higher han under atmospheric 
pressure According to24, a significant amount o f substances that boil at 
aunvspheric pressure at a temperature of 2fO^C and above with 
decomposition are dispersed without changing the composition at a pressure 
o f 1.33 kPa and a temperature o f 160 ... 210CC. or within the temperature 
range from 100 to 130°C at a pressure o f  0.00133 kPa. or at temperatures 
from 40 to 60°C in a vacuum. At tlie same tine, there arc some difficulties 
comectcd to lowering the pressure o f the process First o f  all tangible 
fluctuations of tenperature within the limits o f 10 .. 15"C at the beginning

M D tafanxi appfcd lo the piuccuog ol' eprts and arçon» A J. M erci« . A.C Haïrai 
Eduada. F.A. Sconovn Hetena. R.M. IfoiMa Fibi). C'enuu Rubéfia. F .L  tau  Luu. 
Exlrtcitag ВУхкг/ ie  Compotmdi Theory and .(pphcatUuu. 200K P. 7S-IÎ6

!l Fcoktsuv DV. Bpcnmenal rocarches of an et&ency o f the dMiiilroi pcccevs of 
brun- cubain :«  Induuràil tatrgtO cs. 2UI3. .4». 10. P. JS-JS.

;;  S ixh tm r J. Üuiiblon and Rccli&alK-oi t  Mtianitc Ej%c,dopïJiû о /  Ш илиа!  
СЬепШгу. 2010. P. 4S6-484.

Siitxvn YJ., C'taycsto V.L P roccua  and cqupmeit ot'ftc chcmeal and рЬшпхеМка! 
ndoey: minuit far fanu uni chenr cpcciatixd LmiCTcmcc. Кук: .Vosa Knvka. 2009 290 p 

Grytn M.. WWak M. Appkatun o f v an u n  membrane dMihia-n for ccmtcnmtnn of 
c ea iu  cokanm d a t io n /  Paper*. 2016. V ol 70. Nr 6. P. ÎJ7-746.



of distillation, decrease of the general speed o f mass transfer and, 
accordir^ly, increase o f distillation time* 3  * *.

From modern scientific pindications on the methods of factional 
distillation of aromatic substances soirees informative is the distillation of 
essential oil of Italian mandarin into fraction The process is realized in a 
column (30x2.5 cm) with receipt o f 4 fractions: saturated and unsaturated 
monotcrpcncs, oxygen-containing substances, mixture of nitrogen- 
containing substances with tcrpcncs. The most unstable fraction of 
unsaturated monofi laments is removed All other fractions a rc combined and 
used as a persistent flavor of an  orange smell3  Fractional distillation of 
lavandin allows extract three fractions*7 [28] The first fraction contains 50% 
of tcrpcncs. in addition 18...20% of rosoxidc. winch lias a distinctive 
gcranic smell and 17% o f menthol and isomenthone, which lave a mint 
aronu. The second fraction -  carbonyl-oxide consists o f 25%  of tcrpcncs, 
30% o f rosoxidc, 25% of menthol and isomenthone, as well as 20% of 
linalool, w hich contributes to the general flavor a lily o f the valley aroma 
Composition o f the carbonyl (third) fraction consists o f  10% terpene 
hydrocarbon», 10% rosoxidc, 40 x 50% menthol and isomenthone, 10 x 20% 
linalool, geraniol and citronellol with distinctive rose aroma Out of 
carbonyl fraction isomenthone oxime, which decades the aromatic 
properties of this fraction is exerted The obtained fractions arc natural 
flavors

Fractional distillation is also u»ed to obtain a w ater essence of citrus oils 
with high content o f  aromatic components and low content o f  tcrpcncs3 .

a  W'ies S. Phase o ju tix u n  n  chcnw.il wth*.k>gy n  2 v. /  nans from Kndsh 
A.B. B ttfubw na. cd. C. Beskov. Mutko»: Mir. 19X9. MM p.

3  i iacuxuuin o i c ln s  cucnu l o i it.nç kpod kqud c Unction h ru f to u n  dxu foe 
msJcl aal roil »»»mi» al 298.2 IC / D. Gem;alvei. C.C km hrm , M E. T o d tc .  
CE.C  R oinpjci Fluid Phase F quM na  2015 V U  399 P 87-97

17 A ccarpanson o f csscmil oik obuned te m  knanln \w ddfcrcnt extraction processes, 
ukrasouai. nwruanve. tuifcohvdtoduifatiun. »loam anl bduKlcaAiaxi S. P e n u -k u ttc r , 
C  ( i n s ,  C. Cravoao. F. C l o u t  Journal o f  OiromatogrJphy. 2013. VoL 1305. P.41-47

3  Avccriliru huhhk cunclx-ai o f  Inpcncs icon freshh, squeezed o ew a  ju te  )
P kom lvcu. T. Kaloh N. Ipirx M. ShrrucU cl at Food research m unuutonal 2006
Voi 39.7ft I . P. 53-58
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The analysis of recent researches and p lic a tio n s  has indicated 
narrowness o f data on theoretical modeling o f  the influencing parameters of 
fractional distillation o:'natural aroma sources

The aim o f the submitted paper is representation o f scientific researches 
on the development of theoretical modeling of parameters o f controlled 
essential oils distillation into fractions o f given aramatic characteristics

2. Prevent o f the mala material
The peculiarityö fc lx iic a l essential oil production is that fresh essential ofl 

(F.O) may not be immediately realized, as it does not comply with internatiorci 
regulatory documentation It takes extra time and operations after which oil 
becomes marketable. This increases material production costs.

A viable alternative to the processing essentia oils of tire original qualir/ 
is the controlled distil ation into fractions. As it is a physical process, tire 
resulting fractions arc natural flavors As a result from a single essential oil 
a series o f natural Havers o f different flavors may be obtained

The opera tic  seltene of modeling included:
I. Determination of valid o f EO components uider atmospheri: 

pressure.
2 Establishing the equilibrium distillation presumes of an EO and relative 

fugitivcncss o f a  as the ratio o f pressures at constant temperature.
3 Construction o f tie equilibrium curves orccmposltion o f the liquid and 

steam V-X for the key :omponcnts of EO.
4. Calculation o f a minimum number of theotetically perfect plates and 

operatiomng reflux ratio of EO distillation.
Scientific researches were carried out on options o f obtaining tl>: 

specified parameters hrough classical works an distillation o f complex 
mixtures*', modem foreign publications*0, and original domestic articles’1. * 11

N O p u u o tu a  of jkotnl d u ik u in  p iocca ! Y.V Isis'. P L  Shr.aa A P  O ra m i 
A M  Kits. Ckemtary Mduslmotogv o f food Kj jus  I ' I c m  Z0I5 V  49. M l I .  P. 20-2*

F e n to n  O.V., Ironies S A . G nlcrv R.M CakubrniB o f ihc c o aa u tt o f ptoic 
equttrium  Sl'h Naira. 2 0 »  105 p

’’ U i Y., O A lici M E.. Chen B cl jC In mho s tu ira  o f j  is h lile  o f rccu&i c a rn a l 
o k  American touneoJ o(rhi%olox\ A oHorgs. 2014. Vol 28. Nt. 3. P. 244-24*

11 Korctosn V I.. Assu> M A. On die n u r  of tcrurau« of bmr> seitens ÄuiWui o f ite  
Kurst Stale AgrkuhuraJ Acadeim■. 2015. No 2. P. 73-75.



Стирол Lin b of .1:0 Itave di::'u rent I'ud мл ertss, which deperhJs m\i iheir 
boihoij lemperacures |ТЫ ]. This к the utdiealor that eonneeis s1nM.Uure of 
EO components, their pbyslcoehenieaL properties with thermodyitanac 
>. 11 :-; г і 11.j г і ч л і l pjfjnic-icrs The vfliKQ q fT b j of arontatie sii^dBoccg given in 
scientific publications ]a\ l- divtrpncta at tit levels L0...45 nC'_

Td determnt the valid TbnJ of essential o ik  щпровсайд logarithm 
correlation of rectified lidding lint (Kovae index -  k ll wrtiTVd wbj used 

[1 should the noted і lu l certainly of IK. values of aromatic -uJbsuo^es can 
the achieved оліу uthJer own r ö ta o h s , sLhjeci to the eondlrions of CK’ 
analysis on existing equipment lil correct ehoioe of standard ïiijstence-, 
statiorary phase пшк. ]'Ію following sequence of иИсщ for determining 
JK of EO eomponenls Ls suggested

Pri mari I y a ehromatoaaph of a base nutria of six л-рагаіїігь is ohum. d 
(Fiiedn lai. СИЛ o f  Ін  EO ehr omaco r̂ арії. fui example coriander (P ied »  
1 h>, relative maintenance time of its key ив^иноЦ  is de се г mi i t  and l^'R 
logarithm val i t  for each eomponeflt Is rated. Then, order the system of 
coordinate gird the chromatograph of a hase matrix к miposed on the 
esscmial oil chromatograph [Pleine let and n-paraffins between the 
comportnis are sioialcd are set |On Picture le these are componenl 5, it Is 
sintned between CIO (d ocm ) and CM ihcndeeanei -  і zlO < tj<  t z l l f  
Sue к an operatic allows set reference pouis (іь-раїжДпа) to ealeulate the 
valth.'s of ICE. Caleuiailon o f the KJ is recomnunded to be eorkiitced on a 
comparer program indie Visual B asican irp m ol31.

'■ kkuTurkiM- V.V L htfUKiry ul г.-ршгъ-а-. t'hipie-j i. \\іят грікі f l'Litiüi/i ' 
і lvl lu-Wd r w  m M triah. JlHhi. Ус 1. Iі. Л.Ї-їГ?

VCfOtmud S JL 1 tk iJiu  ІЛ 1  hLruh Vkifrmud А_Л ’-iiïu ljiiw i j i U  J u -U. Ii-tiajU и г  üu

N X -Td  i'dlc.'JV А  ГСЦІЄЧ jb u n u f ІЛПґЛмгіІ ?Л -АчШІЗДГ Ц . 1 І Ґ  .J.Vl г'гіиґіі г  fb i/Л JlMJ
Voi S. i f t l ? .  2ù̂ U l
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Picture la . The chromatograph of 
i>-paraffins base matrix

Picture lb. The coriatder EO 
chromatograph

*

U a .J L jU
Piclure 1c. The imposition of list- 
base matrix on the coriander EO 

chromatograph

Piclure Id. The calibration schedule 
in coordinates KI -  Tboil

By KI values and correlation dependence of KI to Tt»i, the actual Tb>d of 
EO components is determined (Picture Id) Values o f the coriander EO 
components correlation constants are listed in Table 1.

Table I
The correlation constants of coriander EO components

> i  of apex < alculutrd kosac index (KI) Identified component T„.u*C
1 942 a -pinere 150

951 camphcnc lbO
3 979 (V-mytccnc l»3
4 99S d-liironcnc 172
5 1017 cineol 1T3

u  Dcsckfsnox of a nettodobgy of dctcmancc tie being p e n  o f \obtle aonute 
compoaalx o f ctscnnl o k  N.E Ftofcnn. S I l.’-utsuk. V.O O saka, I M .XUtko. Food and 
processing tndmtry. 20«.. S i  12. P. 42-47
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.Vs o f  i p n (  n lcu litrd  Knvae index (kl> Identified com pm rnt
6 1032 P-phcllandrcx 175
7 1060 n-cvmenc 183
8 1089 I-llRoIool 185
9 1096 d-compKir 198
10 IM S linalvf acetal; 204
11 1165 l-horneol 211
12 1 180 u*lci|iitK:trl 220
n 1243 ecramol 22$

The reference points of the equilibrium pressures o f F.O distillation arc 
situated in dependence o f key components T ^ a n d  relevant vapour pressure. 
In the information fidd. such data is limited to processing cif spruce extracts, 
and also tcrcbcnthcrc tcrpcncs". We suggest carrying out calculations of 
equilibrium pressures values from key components Tk,c according to the 
Duhring mlc[40], wlich is represented by the equation;

‘i - i ;  _  ,  .
t f  _/_r *

where: t, -  HO components TbnJ under atmospheric pressure, °C; t;  -  F.O 
component. Tt«,i im i'r the investigated pressure, °C; h”  -  t-£’ -  difference 
in TbnJ o f standard liquid uidcr atmospheric and investigated pressure, °C; 
C -  Duhriag com tait As a standard liquid for terpenoids water was used, 
for tcrpcncs -  u-pincnc

In or del to prevent svstematic enrors that arc possble within low 
p re ssu re s , it is  a d d itio n a lly  p ro p o s e d  to  u se  kCxIinoert.Davis n om ogram  in 

the system of reference A-B*. In the Table 2 tie set values of equilibrium 
pressures at the F.O key components Tb«d are listed

Kudiket GA CheSBtry and tcthnskicy of camphor 2nd. revtted ant aiirscd eduxi 
Moskow Ferrary nuauv. 1970 34* p

“  W fa  5. Phase a jiiix u m  n  chcmejl Kchnobgy n  2 p it»  . tra*. icon fogfch A B. 
Hcspak-vaya. cd. C. Bctkcv. Moscow. Mir. 19X9. 304 p.



Table 2
The values of equilibrium pressures of the KO k o  components

Tcm purture.
°C

P ressu re . kP»

ci-pincnc P-
m vrccnr c ia t« l l-linaloo l r i t ra l n r  m l

20 04 3 0 2 8 0 2 2
40 0 79 0.53 0 4 4 0 34
60 1.38 0 9 6 0 77 0  609 021
SO 2 33 1 63 1 23 1.05 0407

IÜÜ 3.73 2 9 3 2 Is 3.47 1.76 U 77
120 5.93 4 2 6 3 3 0 5.41 2.71 1 24
140 19 1 14 26 1134 17.33 9 4 6
160 87 05 67 19 58 1 7 9 7 49 4
170 100 25 85.7

Calculated and refined data is used to determine the values o f equilibrium 
pressures for distillation o f EO. So, when distillation o f EO from catnip to a 
key couponed! linalool. it is sufficient to keep pressure within (2,66... 133) 
kPa at distillation temperatures (57...62) °C.

In sceundal subsystem linalool-citral operating pressure should be sept 
within (1.33...0.96) kPa at temperature (62...80) °C. For subsystems ciTal- 
eitroncliol (80...92) °C -  (0.96...0.66) kPa and citroncllol-gcranyi acetate 
(96... IOO) °C -  (0.66...0.33) kPa. Relative fbgitivcncss o f a  characterize 
ability of EO components transfer to a steam phase. According to A. Gorak’s 
data*7, pressure drop front 101.32 kPa to 6.67 kPa allows increase the a  value 
from 1. 1 to 1.23 aitd at a furrier decrease to 1.33 kPa. value o f a  increases to 
2.68 Thus, when modeling the F.O distillation regimes it is necessary to 
include the pressures behind which, w ithin of EO key components, a lias
the biggest values (adjust w ith the temperatures o f the selected refrigerants). 
The tenperature intervals of F.O distillation are selected w ithin valid Thj o f  
components at the set equilibrium pressire value

Construction o f  cquilibriun curves for liquid's composition and sta in  
y-X  for the key EO components allows determine rite minimum number of 
theoretically perfect distillation plates Composition o f a steam phase can be

”  (V ial A.E Sorensen M stibuxi iinionertak. and prat pie* AcuJemk Press 2014 
415 p.
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found graphically, based on the composition o f a liquid phase. However, this 
method is much more complicated than the calculation method; therefore we 
should restrict to only mentioning i t  More detailed description is given by 
Thormann and Rozengatt".

Determination o f mininun lumber o f theoretically perfect EO distillation 
plates iw ,  is concluded by equation Fenske-Lheerwood

(21*Xu/x><Xu/x..
where: X,E -  diebylin o f low-boiling compcncnis LBC from the prvious 

subsystem in a steam phase. %  of mass: Xje -  dicthvlin o f high-boiling 
component HBC o f current subsystem in a steam phase. % o f mass; X ,B -  
dicthvlin of LBC frem the previous subsystem in a steam phase, %  o f  mass; 
X *  -  HBC of current subsystem in a liquid phase. %  o f mass; a  -  relative 
fugitivcness of components critical steam 

Also determination o f ix^ may be conduced using the nomo^am or 
Mel polder and Hodington, developed uring Fenske-Underw ood cquatio» 
(Picture 2).

Calculations prove that throtgh real distillation o f EO from catmint, 
enriching the distillate w ith low boiling components by 90% is possible even 
with their content in the initial mixture is abou 5%. For subsystems citral- 
citronellol-gcraml acetate such a result may be achieved only when conten: 
of the components in the initial mixture starts from 40% o f mass and 
demands a number of theoretically perfect plates =18... 19.

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

“  Crete E Maiml «1 bhoialmy d w itu m  irai» turn Geimm cd V. M (Jlcvtkiv 
MinXim C lra n iy , 19«) SÎ0 |i

w Frobva N E., l tance. A l. Thccortcal absU M àtsa o f paramettrt o f cvicMul ok  
f a c tu a l  dadtanon. FomI  Science and TeckncAvg,. 2lX». *  2(7). P 54-58.
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Picture. 2. The nomogram of Melpultkr ami lledington 
for determination of minimum number of theoretical degrees

of tO  div ision as Vr * «>

As V =  x ,  rectification take» place without catch of distillate and the 
system works on its own Increase of a reflux ratio of V,^ value allows 
conduct rectification in a column with a determined nuriber of theoretically 
perfect plates Namely i V, form limit conditions of rectification 

Operating reflux ratio is determined hy practical tests To start the 
recti flcatioci \ rnw should be determined out of equation

where: X, -  weight percent of LBC in the distillate. У -  estimated 
coefficient calculated from equilibrium curves 

Values of reflux ratios \ r and numbers of valid theoretically perfect 
distillation plates arc determined from equilibrium curves for each pair of 
key EO components

Range of operating reflux ratios \ apta**m at the begirvmç and at the end of 
rectification are determined i f )  to a number of theoretically perfect plates N ,  

w hich is determined by MeKcb-Tilc graph irethod*'
The calculated values o f a minimum nunber of theoretically perfect plates 

of catnip EO distillation indicated that for pairs of key comporteras

44 Магах±сяко V O  , LXxmreisk>i V A , Sfaun P L et il  .Vfcoteil «cclrabey cd Prof 
V O  M v n ie r iu )  Чешем 1V*J1Kj  2U03 41 6 p

У
( 3 )

*97



myrccnc -cineol n™, > 4 .0  is sufficient: eineol-hmlool -  rv«, > 5 .6 , linalool- 
eitral -  Пд, > 6.1. For а рал with lagh-boilipg conponcnts, in particular 
citral-citronellol. a,». value rises to 18.0, and for citroncllol-gcraiivl acetate 
r\t„ > 19.5. It was also found out that for pairs of low -boiling components 
(тутсспе, cineol hnalool) enrichment of distillate w ith components up to 
90% o f mass may be achieved even if the content of the components in the 
initial mixture is from 5°u of mess. For the pairs citral-citroncllol, 
citroncllol gcranyt acetate such a result may be achiev ed if content o f the 
components in the initial mixture is from 40% of mass 

On Picture 3 the equilibrium curve for the pair eitroittllol- geranyl acetate 
of catnip EO is show n.

Picture 3. The equilibrium curve for the pair citrom-llol- gerauvl
acetate of catnip EO

The results o f theoretical modeling o f catnip EO distillation regimes re 
given in Table 3

A similar theoretical mode In*: of fraction*! distillation parameters can be 
nude for any EO if there is concspondirK output data Flavors obtained using 
theoretically modeled and realized in real processes arc relevant in 
formulations of perfunery. cosmetics, pharmaceutical and mention products

Now adays it is complicated to imagine at least one branch of the food 
industry, w hich w ould not use food flavors in manufacturing of its products
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Table З
M i.iJ l I Н % ІК Н !\  Ihf L -J llïi[ l Е О  І І Іч І І ІЬ іІч іП

F r i q  t if  к гу  
11 l 11 • 11 >.■ ті 1 ч

lt-m p -tm l mil- 
r j n t « .  flt :

P r fM D rt .
№

a ПШІП y

M;-TLLI'J.‘ LLIKnl 57. ,.ft2 2 6* J  21 2 .t 4 h ù 5
C W û l Liruik-nl ü : . . . hü I . J J 1=K 2.H fiJÛ ±0L3

l.LJiaklül ІМГ.ІІ Ш . . Я 2 \ . i ï 1.24 J .L 7.Q t f l .5
ïv ln j  crlncoK-lkil W ...IC 4> D M 156 1Q 12 Л і  1 Л

C'rlnûIK-lkcik і^Г.ІІГ. 1
u U l

ICH>...L2fl Û .U l -U 10 14 Л і  1 Л

A promiiing j [L~ii of 9ciflrii6c rescanch is арркеаиоіі of Jlavors in thc 
kdwLDgy of -in Ik lliiaJ milk-eomalning prodik-ls Aromarisaiion of dairy 
produis cari bc eair ied ou] і ruii ffcrcnl wf/i, in partie Jar:

-  direci application pffl a v or s of ііиигаї of еікокаї опуіп.
-  LL-iLiüL1 of aromaiic components to enhaiee ihe snell of fruit and berry 

filkraused in mannraeiuriing ofprodLets;
-  applieakionof varions compostions of spiecs.
Widespread ia the nsâ /e of flavora in prodLrdon of buter wiïh i-du^u^ fa1 

oofArt and apreads (nuânly of -creaniy flavor’1}, aihl also n m  ebeose 
(crcamy, cvaporaled .mil; arotna a spccifk cheesy in die prodLr-üon of 
chênes u'Ldi aoccJcatcd rlpeniti^ modes, rtc,] aroma of ш ц к о їщ , tum. 
shrimp і il prodLiziion of processcd chetses, aiad also Ln eonposikion of 
drlnkabk types of mille. wgliuns. caseons products, ek.

Widespread is the usaue of flavors Jvi prodLrdon of dritikahle types of 
mi IL Irutahility of a prorein pliase of nilk durln  ̂ a redittlon of 
cnvironiikcd addiry makes h impossible to use іисигаї fruits and bernes Lu 
the kduh.ilügy of drinkahle tiiîlk and crcam. Therefore.. 10 protide auraedvc 
and diverse orjaanokpric dHCBCIcrûdo  ̂ flavors ivitb idetiueal io nacural 
fi liera aromas - smattberry, km і . raspberrlcs, nwlon, banana. vanllla, etc., lis 
well as fond colora and sweeteners are itnrodik.'cd іпю ihose produis. The 
kvlinoLogy of ihe Kehnolo^y of miLk eoekuils for presehool- -nid school
age ehlldrcn wiih balatieed eomposiklon. enrLehed uiih a eompkü of



vitamin» and minerals was developed* 41. Providing bright attractive 
organoleptic characteristics of milk cocktails is also achieved by the 
introduction o f food colors and tie  addition o f flavors.

At the National University o f Food Technologies so n  cream products 
were developed. As flavoring fillers salt, dill, dry mushrooms, taste and 
aromatic additives0  (with the taste and aroma o f cheeses Cheddar, Gauda, 
Parmesan etc. ) w ere used. Among one of the most popular products arc 
yoghurts that are deservedly in demand due to their nutritional value and 
dietary properties. Yogurts are produced using cow, goat, sheep milk 
without or with tie  addition of fillers or supplements Yoghurts arc made 
according (o the basic recipes, which include dry skinned milk or a 
structure stabilizer, a starter and sugar ( if  necessary). All varieties of 
organoleptic characteristics are achieved using taste and flavoring fillers and 
additives, in the quality of w hich pieces of fruits, nuts, cereals, dried fruits, 
etc., can be used as well as flavors, often synthetic ones41.

In production o f dairy products, milk tat or (and) protein arc 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 o f a part of adult 
and child population, and also spread of vegetarianism Naturally, such 
products have a specific taste and smell o f beams, which necessitates use of 
taste and aroma fillers and additives.

In the technology o f dairy products outcomes o f processing o f fruits and 
berries -  jams, basins etc. are widely used The technology o f their 
production involves heat treatment o f raw material, w hich naturally leads to 
a decrease in the intensity and chaise in aroma and color. Colouring agents 
and flav ors arc used to enhance and restore aroma o f such products.

41 BayOiov» 7.A. Pailrlevia O.C. M il ccekrek lor chUren tiWt proceuMg. 2011. H- 9 
(143) P 56-J8

*" Kasyan»* N O . Skorchenko T A  th e  fcctre>b(£' o f product**! o f d u o  products on the 
tx»*. of so «  cream Dairy biaiaeit 200». Nr 8. P 32-34.

41 Ko/yam I P.. Dubosaya N.F.. Isakhnn A P  Role o f «lury products n  lu m n  trertua  
(review o f bcratrec) Hygiene o f  popuiaiedplates 2014 Issue 63. P. 223-228.
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A promising source of natural taste and aroma compounds in dairy 
products technology is spices What is more, the spices contain biologically 
a c tiv e  substances  (e s se n tia l o ils ,  te rp e n o id s , p heno lic  an d  po lypheno l 

substances, vitamins, micro-and macro elements, etc.), that arc involved in a 
metabolism of the human body, have an ability to regulate metabolism, 
exhibit bacteriostatic and antioxidant activity. Thus, addition o f oregano 
essential oils to sour milk cheese allows reduce the speed o f processes that 
cause spoilage af the product, thereby extending its shelf life44.

At the Natknal University o f Food Technologies recipes o f sour milk 
paste with conpositions o f spices on the basis o f sour milk cheese and sour 
cream arc developed*'. Compositions for dairy pastes included spices such 
as anise, anise, cinnamon, cardamom ginger, turmeric, cloves, black 
currants, sweet pepper, trigonclla, nutmeg and sunac. Application of 
compositions of spices allowed not only to get products with a diverse flavor 
and aroma range, but also to provide m ire stable quality indicators of final 
products during storage.

As an alternative 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 o f obtaining, transportirg and storage o f raw 
materials, is icmoval o f an active fraction with obtaining of extracts. 
Extracts o f spices depending on the concentration of useful substances are - 
liquid, thick aid dry, from the type o f solvent -  w atcr, alcohol, essential, oil 
and obtained using liquefied gases (COr extracts)

Liquid extracts arc w idespread due to predicted correlation betw een active 
substances, convenience in measurement, ease of obtaining However, there 
is also a number o f disadvantages: increased content o f concomitant 
substances received from plant raw material, the appearance of sediment, 
need for sealed packaging*1

44 Atcnsil C'buln M.. Cirosso Nefcon R . JuUn It Rodolb (Jiulty prescrKiusn o f onartc 
cotug: cheese ir.iv m y > ctseAnl w k Food .ViVavc and 2015. Vol 60 Ivor
2  P.664-671.

*’ K ttam i UC. Irapioviifi tic tcthiukics of sour m l  pistes wth specs ttvs» be 
o tcurag  PhD n  cchncal sciences 05 180» Kyiv, 2018 174 p

~  Ucntsosa l  A Caseous aal cereal products hood and practising  industry CtXIS Issue 2. 
P 12-13
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Spices olcorcsins usually contain a complex nxxnxe o f volatile oils (10- 
25%), triglycerides, sterols, waxes and resinous substances. Olcorcsins 
u su a lly  h iv e  lo w  m utual so lu b ility , b u t c o m p le te ly  p re s e rv e  the taste  and 

aroma o f latural spices41.
Today, the cleanest and most natural product is CO.-cxtracts obtained 

using purified liquefied gases, while retaining their naturalness and 
corrcsponfcncc of taste and flavor o f initial raw materials but arc o f high
cost

Since aroma of spices is determined by tic  content o f 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 avoid these disadvantages and create a variety of flavors that will 
satisfy the most demanding consumers, usage of fractional distillation of 
essential oils should be used In accordance with tic  proposed method, 
rectification of essential oils o f  plants from the climatic zone o f Ukraine 
(buds o f garden trees -  apple, pear, cherry and bushes -  currants, 
raspberries) was conducted4'.

On the oasis of obtained fractions concentrated flavors w ere obtained w ith 
usage of which drinkable vogurt ‘'Harmonious'* and spread "Caraway 
aromas” and “Citrus" were dev eloped. Through the production o f yogurt 
flavors were added into fermented mixture immediately before packaging 
After adding flavors, the fermented mixture was stirred for 5 to 10 minutes 
and proceeded to packaging Spreads arc made by transforming a high fat 
mixture. Flavors "Caraway aromas” and “Citrus” in the amount o f 0.02% 
and 0.02f%, respectively, to the mass of dry matter was prc-diluted in a 
small porion of the emulsion and added to a normalized, high-fat mixture at 
constant stirring, then the process w as carried out accordirg to tic  general 
tcchnologcal scheme. The resulting products had a characteristic taste and 
sncll with an after-taste o f spices and a spicy aroma * **

fc»  X.V., Rao L G  Carotene its and tumm bralh PkaruucoSogkiil Resetvch 2007. 
fewc 55 20T-2I6

** trots,a NE Theoretical tu h iu n u lcn  ant dcvrbpmei* o f teefrobfos o f ratuU 
corceranncil (foots to m  ethereal raw trnieruh ttcsB fce ohunng tclczue Centre o r doctor 
of lecfncal K e rn s : 05.18.06 Kwv. 2017. J95p
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The usage of natural flavors obtained by fractional distillation o f essential 
oils will contribute to the expansion of the spectrum o f food flavors and the 
range o f nutrition products w ith the usage o f  natural irgredients. w hich in its 
turn will increase consumer confidence and allow them to be offered for ikc 
in sjccial-purpose product technologies, in particular for children and diet 
nutrtion

CONCLUSIONS
1 Fractional distillation o f natural sources of aiomatic substances is an 

effective process in p ro cessif o f natural sources of aromatic substances in 
order to obtain a w idc range o f natural flavors.

2 Theoretical modeling of fractional distillation regimes allows, in real 
life conditions, form a set to aroma fraction by collecting into a separate 
frac:ion o f key aromatic components and a number of other, close to the key 
ones in  fugitive«:.vs a n d  b o ilin g  te m p e ra tu re , an d  a lso  .significantly  reduce  

expenses o f energy and material resources
3 The modeling regimes of fractional distillation o f essential oils include 

the actual TbnJ o f LO components at atmospheric pressure, the equilibrium 
pressures o f EO distillation, the relative fiigitivcncss o f a. tlie minimum 
nuirher o f 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 
frac:ions combinations o f one essential oil or various essential oils.

5 Fractional distillation docs not destroy the naural structural bonds of 
essential oils components, preserves their biological capacity. Combination 
o f essential oils fractions according to the determined mass ratios provides 
numerous variants o f natural flavors for usage in food, in particular dairy 
industry.

SUMMARY
Ir this paper the results of theoretical justification o f  coherence o f scuing 

model regimes of distillation of essential oils into separate aroma fractions, 
w hich arc highly concentrated flavors o f long-term storage, arc represented
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High-performance essential oils distillation requires adherence to strict 
ptocess condition», cnicial for regulating fraction's aroma. Complexity in 
determining of such regimes consist in duration of experimental cistillations 
with mentioned essential oils expenses

Theoretical modelling o f distillation parameters provides, though real 
defla tions. development of set fraction’s aroma on account of collecting 
key aromatic components and a number o f  others, similar to the ley ones in 
ftgitivcncss and boiling point, into a separate fraction.

To nxtdcl regimes o f essential oil fraction distillation valid Tboil of 
essential oils components at ambient pressure, equilibrium picssurcs of 
essential oils distillation, value of relative faptiveness o f a. as ratio of 
ptcssurcs at a constant temperature, are attributed A mint n u n  number of 
theoretically perfect plates and operating reflux ratio were taken into 
account

Fraction distillation doesn’t ruin natural structural bond o f essential oils 
compounds, preserves their biologic ability. Combining fractions o f one 
essential oil or various ones by the determined moss ratios provides 
nunerous variants of natural flavors for usage in food, in parti.-ular dairy 
industry.
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