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ABSTRACT

This paper is an attempt to protect the main flavor compounds in concentrated orange
juice by using vacuum evaporator technique, instead of the traditional method which causes a
remarkable degradation in these compounds. The physiochemical and microbial properties of
juice were monitored throughout the concentration processes. Rotary evaporator technique
was used at different conditions to concentrate orange juice and comparing with traditionally
heat treatment. Total soluble solid (TSS), ascorbic acid, acidity, pH, viscosity and tannins
have been affected by various levels according to concentration technique and period of
storage. The microbial content had never developed even throughout the storage for six
months, because we have added 100 ppm sodium benzoate to the fresh juice immediately after
squeezing. The main flavor compounds in fresh orange juice have been monitored throughout
the various concentration processes to judge their abilities for maintaining the flavor
compounds of concentrated juice.

Key words: flavor retaining, proposal technique, physiochemical properties, Total soluble
solid
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INTRODUCTION time, temperature and microbial contamination
Citrus fruits are the most economically had a significant effect on the flavor of fruit
relevant and extensively grown fruits in the juice (Perez-Cacho et al, 2008). It is difficult
world and are important source of secondary to preserve fresh orange juice due to
metabolites for nutrition, health, and industrial fluctuations in temperature, exposure to light
applications (O'Neale et al, 2011 Magbool et and other storage environment. At present, the
al, 2023). Orange juice is the most popular quality of orange juice is mainly judged
juice because it has aroma, attractive flavor according to appearance, color, acidity and
and color, as well as health benefits (O'Neale microbial detection. The aroma index is an
et al, 2011). Orange flavor is perhaps widely important characteristic of citrus juice, which
recognized and accepted in the food and indicates that quality can be judged by changes
beverage industry around the world (Machado in these compounds (Lubinska-Szczygiet et al,
et al, 2022). The flavor of fresh orange juice is 2018). New concentration technologies which
due to complex combination of a large number are currently used in the fruit juice industry
of volatile compounds such as, esters, have gained importance in recent years. Many
aldehydes, alcohols, ketones, and terpenes of the technologies used globally come into
(Sadecka et al, 2014). Odors and flavors are play in improving the quality of juices. These
the major determinants of fruit quality, but technologies include the rotary evaporator,
these traits are often genetically complex and osmotic  pressure  concentration, reverse
difficult to score (Galili et al, 2002). Storage osmosis, freezing, Steam distillation (SD) and
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microwave-assisted steam distillation (MASD)
and use of ultrafiltration (Assawarachan, and
Noomhorm, 2011; Patil et al, 2025). Citrus
juice’s fresh and attractive aroma comes from
perceptual interaction of multiple aroma
compounds. Those aroma compounds of fresh
citrus juice are easily changed during
processing or storage. Aroma change is one of
the most critical issues in citrus juice during
processing and storage, which implies that the
disappearance  of = most  aroma-active
compounds and the formation of off-flavor
compounds in citrus juice eventually led to the
formation of citrus juice off-flavor including
cooked, grease, earthy, musty, plastic,
pungent, medical odor. In comparison, off-
flavor has a sizeable negative impact on the
pleasant aroma quality of citrus juice.
Therefore, molecular sensory science has
raised great interest in unravelling the off-
flavor compounds and their formation pathway
in citrus juice. A better understanding of the
off-flavor compounds in orange, mandarin,
and grapefruit juice, will control the
production of off-flavor compounds in the
processing and storage of citrus juice. Off-
flavor compounds were found in thermal,
storage, light, oxygen, and other factors-
induced (fruit maturity, package, diseases,
centrifugal pretreatment for cloudy orange
juice debittering process) citrus juices (Jia et
al, 2022; Rodriguez, et al, 2017). In this study,
proposal concentration processes have been
suggested to retain the main flavor compounds
in concentrated orange juice and their changes
during storage.

MATERIALS AND METHODS
Preparation of fresh orange juice: 10 kg of
local ripe orange fruits were washed, dried and
squeezed by laboratory juicer. The juice was
sieved to get rid of pulp and seeds, the yield is
about 58.51%. 100 ppm sodium benzoate was
added as preservative. The fresh juice was
stored at freezing conditions.

Determination of some orange juice
properties: Total Soluble solids (TSS) were
determined using a manual refractometer.
Ascorbic acid was estimated using 2,6-
dichlorophenol indophenol as described in
(Pegg, and Eitenmiller, 2017). Total acidity
was determined as citric acid in fresh juice as
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described in (AOAC. 2016). The pH was
monitored using a portable pH meter, a
Chinese pH device (5231 Crison, Model
GLP22, Crison Instruments S.A.) with an
accuracy of +£0.05 units (Sadler, and Murphy,
2010). Viscosity was determined using a
viscometer (FUNGILAB instrument model

ALPHA series 101034). Tannins was
determined by titration method against
permanganate solution by using indigo

carmine as indicator (AOAC. 2016).
Identification the main flavor compounds
by GC/MS: The flavor compounds in orange
juice were measured by Agilent (7820A) USA
GC MASS Spectrometer at certain conditions
after been extracted by dichloromethane
CH.ClI2 (Solis-Solis et al, 2007).
Liquid-Liquid Extraction (LLE): Di
chloromethane, was the most suitable solvent
for isolating of volatile compounds in fruits
and vegetables (Kelebek and Selli, 2011). The
extraction method was performed by a method
modified from a previously published
procedure (Aubert et al, 2005). In a bottle, 10
mL of fruits juice and 20 pl of n-octan as
surrogate standard (I1S) with 1.5 mL of CH2Cl;
were vigorously shaken for 5 min using a
Vortex mixer in order to extract the free
volatile fraction. The mixture was centrifuged
at 4000 rpm for 5 min (this extraction was
done twice). With some modifications
regarding concentrated juices. Watery phase
was removed and the organic phase (CH2Cl, +
volatile compounds) was adjusted from 1 ml to
0.1 ml in a dry flow of nitrogen and then
injected (1 ul of extract) in a GC/MS system
(Solis-Solis et al, 2007).

GC/ MS Conditions: Analytical column:
Agilent HP-5ms Ultra lenite.

injection volume 1pl, pressure 11.933 psi

GC inlet temperature: 250C°

Aux heaters temperature 300C°

Injector temperature: 250C°

Temperature ramp 160C° to 180C° 7C°/ min
ramp 4 280C" hold to 3 min.

RESULTS AND DISCUSSION
Determination of Physical and Chemical
Indexes: Some physicochemical properties of
fresh and concentrated orange juice utilizing
conventional temperature and rotary vacuum
evaporator technique are shown in Table 1.
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The physicochemical properties, pH, total
acidity, vitamin C, viscosity, and tannin, all
showed significant variations. The degradation
of vitamin C was taken as indicator to the
efficiency of rotary evaporator comparing with
traditional one. In general, the traditional
method to concentrate orange juice (using high

temperature degree) was worse than rotary
evaporator method. These results are
consistent with what Sarvarian found in the
concentration of orange juice, as he found an
increase in all physicochemical parameters
proportional to the degree of concentration of
the juice (Sarvarian et al, 2022).

Table 1. Physical and chemical parameters of fresh and concentrated orange juice using
rotary vacuum evaporator and conventional heat treatment techniques

e 15 g TA (MG iy STamins detroin

Fresh 11.5 3.701 0.743 56.055 0.213 28037 -
Rotary 40C° 57 2.866  3.669 271.59 6.482 1392 10.44
Rotary 50C° 57 2.841 3.688 245.49 7.731 1397.2 28.03
Rotary 60C° 58 2.822 3.734 135.15 0.832 1413.2 57.89
Temp 60 C° 56 2.873 3.605 73.329 11.031 1365.3 77.81
Temp 80 C° 57 2.854  3.649 38.023 11.74 1424 91.94
Temp 100 C° 57 2.833 3.673 10.864 12.48 1436.4 96.23

The Effect of juice concentration method on
flavor compounds: The flavor compounds
were grouped into seven main chemical
classes; including, terpenes, alcohols,
aldehydes, esters, ketone and two types of
heterocyclic aromatic compounds. Other
derivatives included hydrocarbons, alkyl
halides, carboxylic acids, and their derivatives.
Fifty flavor compounds were detected in fresh
orange juice. According to the peak areas the
main flavor compounds are show in Table 2.
Maccarone et al, (1998) found 23 volatile
compounds in Italian oranges, most of these
were found in Egyptian navel oranges (our
sample). Perestrelo et al, (2019) identified 98
flavor compounds in fresh orange juice,
including terpenoids, esters, alcohols, carbonyl
compounds, carboxylic acids, phenols and
furanic compound. Yu et al, (2018) identified
84 volatile compounds in blood orange. Table
2, shows that, the terpenes represent the major
constituent of flavor compounds in orange
juice especially, limonene, eremophylene and
-myrcene respectively. The table shows, there
was a direct relationship between the
temperature and the degradation percent in
flavour compounds. Comparing with the
conventional method to concentrate orange
juice (high temperature at atmospheric
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conditions), the degradation by using rotary
evaporation was less. The results illustrate that
the rotary evaporator method maintain the
major flavor compounds, these results were
agreed what was found by (Elss et al, 2007).
The limonene may convert during the heat
treatment to a-terpinol and a-pinene, while the
eremophylene may change to nootkatone
depending on oxygen content and this was a
negative contribution in orange juice quality
(Rodriguez et al, 2017; Selli et al, 2004). In
this study, beside limonene and a-terpinol
other monoterpenes such as, o-pinene, [-
myrcene, isocitral and citral were also detected
in orange juice during high temperature
conventional method comparing with rotary
evaporation. Table 2, also illustrate
disappearing of some terpenes by using high
temperature  treatments  throughout the
presence of monoterpenes isomers and
hydrocarbon terpenes which was agreed with
(Sadecka et al, 2014). The study also refers to
disappearing of citral and iso citral when high
temperature was used. When oxygen and high
temperature were available the oxidation of
terpens was taken a place, so the concentration
of orange juice under vacuum conditions to
some extent safer at flavor compounds as
(Kumar et al, 2023) were mentioned.
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Table 2. Showing the percentages of flavor compounds (terpenes) in fresh orange juice and
Concentrate reconstituted using rotary evaporator techniques

Fresh  R40 R50 R60 Temp Temp Temp
The flavour compounds % of ce ce ce 60C° 80C° 100

total Cc°
Limonene 63.955 2150 2043 16,51 1510 8.49 2.98
Eremophylene Naphthalene, 1,2,3,5,6,7,8,8a- 9.152  7.90 5.18 4.88 4.83 3.87 2.65
octahydro-1,8a-dimethyl-7-(1-methylethenyl)-,
[1S-(1a,7a,8aam)]-
Beta-Myrcene 1434  0.56 0.50 0.43 0.38 ND ND
4,11-selinadiene 2-Isopropenyl-4a,8-dimethyl-
1,2,3,4,4a,5,6,7-octahydro naphthalene. 0.793  0.50 0.42 0.37 0.34 0.25 0.22
Cubenene naphthalene, 1,2,4a,5,8,8a-
hexahydro-4,7-dimethyl-1-(1-methylethyl)-.
(B)-fso citral. Citral 0604 056 061 065 ND ND ND
o — pinene 0.488  0.49 0.55 0.62 0.67 0.70 0.81
(-)-beta-ElemeneCyclohexane, 1 ethenyl-1-
methyl-2,4-bis(1-methylethenyl)-, [1S (1alpha.,2 0.413 0.22 0.20 0.18 0.17 0.11 ND
beta.,4beta.)] .
7-epi-alpha-selinene
(2S,4aR,8aR)-4a,8-dimethyl-2-(prop-1-en-2-yl)-
1,2,3,4,4a,5,6,8a-octahydronaphthalene.
(-)- alpha -Panasinsen 0.395 0.37 0.34 0.32 0.30 0.28 0.25
2,2,4a,8-tetramethyl-1,2a,3,4,5,6-
hexahydrocyclobuta[ilindene.
Aromadendrene
(-)-Allo-Aromadendrene.
4aH-EudesmaneNaphthalene, decahydro-1,4a-
dimethyl-7-(1-methylethyl)-, [1S-(1a.4aa,70,8ap)]-. 0329 0.27 0.18 0.17 0.19 0.14 0.11
Cedrene-V6.

The previous papers refer to the effect of high
temperature degree on flavor compounds, that
it caused a series of chemical alterations,
which in turn, lead to lose many aromatic
compounds (such as terpenes, aldehydes and
esters) and production a new abnormal flavour
compounds which was affected negatively on
the acceptance of the consumers (Jiménez-
Sanchez et al, 2017; Yi et al, 2016). Although,
the sesquiterpenes (such as cubenene and
selinadiene) were more sensitive to light and
temperature, but it gave low degradation
percentages by using rotary evaporation
method comparing with the traditional method
(high temperature open system). The study
shows that the degradation of such compounds
like (-)-p-elemene, epi-a-selinene, (-)-o-
panasinsen and aromadendrene were less
affected by using rotary evaporator comparing
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with traditional method. The degradation
percentages of (-)-allo-aromadendrene, 4aH-
eudesmane and cedrene-V6 was less when
rotary evaporator was used comparing with
high temperature open system (conventional
method).Table 3, illustrate, that the
degradation percentages of some alkane
compounds such as, hexadecane, heptadecan
and Heneicosane, were closed to each other,
whether using rotary evaporation or
conventional method to concentrate orange
juice, which in turn indicates that these
compounds are relatively more stable. The
reducing in these compounds as comparing
with fresh orange juice due to convert some of
them to alkyl halides or other derivatives
through  binding with  some organic
compounds
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orange juice and concentrate reconstituted using rotary evaporator techniques

Fresh% of R40 R50 R60 Temp Temp Temp

The flavour compounds total ce Cc° C° 60C° 80C° 100
CO

Heneicosane, Heptadecane, 2.050 044 043 044 044 0.44 0.41

Hexadecane

Heneicosane, Tetracosane, 1.355 0.44 044 043 042 0.39 0.32

Pentacosane

Octadecane. 1.121 0.19 0.17 ND ND ND ND

10-Methylnonadecane 0.745 023 ND ND ND ND ND

Nonadecane. 0.714 032 ND ND ND ND ND

3-Ethyl-3-methylheptane 0.596 051 ND ND ND ND ND

5_methy|_5_propy|n0nan 0.571 ND ND ND ND ND ND

Nonan, 1-iodo 0.427 022 ND ND ND ND ND

Tetradecane, 4-methyl-

Pentacosane 0.410 031 024 0.19 0.19 0.17 0.12

2-methyloctacosane

Octadecane, 3-ethyl-5-(2-  0.369 028 0.19 015 ND ND ND

ethylbutyl)

Tritetracontane

Hexacosane 0.362 0.31 0.27 0.26 ND ND ND

Heneicosane, 11-(1-ethylpropyl)-

Hentriacontane 0.300 ND ND ND ND ND ND

Eicosane

Heneicosane 0.293 0.27 0.25 0.21 0.28 0.25 0.16

2-Bromotetradecane

Tetradecane 0.260 0.24 0.21 0.14 0.095 0.055 0.043

Hexadecane

Octacosane 0.259 ND ND ND ND ND ND

Hentriacontane

Decane, 4-ethyl 0.241 0.23 021 0.21 0.20 0.17 0.13

Heneicosane, tetracosane and pentacosane
were records high degradation percentages at
high temperature treatment which was
associated what was found by (Perez-Cacho,
and Rouseff, 2008). In general, the effect of
rotary evaporator technique to concentrate
orange juice has less damage at flavor
compounds comparing with the traditional
one. The reducing in flavor compounds when
rotary evaporator has been used may due to the
vacuum effect which may exhausted the most
volatile compounds in fresh orange juice
(Perestrelo et al, 2019). Table 4, shows the
percentages of some carboxylic acids and
esters in fresh orange juice and concentrated
after reconstituted by wusing both rotary
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evaporator and traditional methods. As shown
the degradation percentages of n-hexadecanoic
acid pentadecanoic acid were 3.96, 16.16 and
18.42% by using rotary evaporator at 40, 50
and 60°C respectively. The degradation
percentages of both compounds were more,
19.19 and 16.44% at 60 and 80°C, but a
rebuilding was shown at 100°C for these two
compounds. At high temperature degree, such
as 100°C, an increase was observed in
carboxylic acid percentage, this may due to the
hydrolysis or oxidation of some compounds
(such as esters and aldehydes) under the
conditions of the experiment (Jiménez-
Sénchez et al, 2017; Perez-Cacho et al, 2008;
Yietal, 2016).
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Table 4. Showing the percentages of flavor compounds (Carboxylic acid and esters) in fresh
orange juice and concentrate reconstituted using rotary evaporator techniques

Fresh R40 R50 R60 Temp Temp Temp
The flavour compounds % of C° (o ce 60C° 80C° 100C°

total
n-Hexadecanoic acid, Pentadecanoic acid 1.819  1.747 1525 1.484 1.47 1.52 1.88
1,2-Dipalmitine: Hexadecanoic acid, 1-
(hydroxymethyl)-1,2-ethanediyl ester.
Hexa decanoic acid, 2-hydroxy-1- 1256 0.28 0.18 0.15 ND ND ND
(hydroxymethyl) ethyl ester.
Phthalic acid, 3-methylbutyl Nona decyl
ester. 0579 ND ND ND ND ND ND
Phthalic acid, 4,4-dimethylpent-2-yl
octadecyl ester
Phthalic acid, hexyl tridecyl ester.
9-Hexadecenoic acid, methyl ester, (Z) 0569 028 021 018 ND ND ND
Methyl palmitate Hexadecenoic acid, 0.453 0.28 0.19 0.13 ND ND ND
methyl ester
Hexanoic acid, 3-hydroxy-, ethyl ester. 0439 019 014 ND ND ND ND
Butane dioic acid, hydroxy-, diethyl
ester.
Sulfurous acid, hexyl octyl ester. 0427 022 ND ND ND ND ND
Methyl petroselinate  6-Octadecenoic 0.318 030 024 021 ND ND ND
acid, methyl ester, (2)-.

Previous research has confirmed that these
thermal treatments easily induced a series of
chemical changes, which leads to the loss of
many characteristic aroma-active compounds
(mainly terpenes, aldehydes, and esters) and
the production of new off-flavor compounds
(mainly terpenes degradants, sulfur-containing
compounds, phenols, acids, and others) (Table
4), subsequently, reducing the consumer
acceptability (Jiménez-Sanchez et al, 2017
Perez-Cacho et al, 2008; Yi et al, 2016). As
shown in Table 4, the rotary evaporator
technique was maintaining the content of
many flavour compounds comparing with the
traditional method (high temperature) such as,
Hexadecanoic acid, 1-(hydroxymethyl)-1,2-
ethanediyl ester, 2-hydroxy-1-
(hydroxymethyl) ethyl ester, 9-Hexadecenoic
acid, methyl ester, Methyl palmitate
hexadecenoic acid, methyl ester, methyl
petroselinate  6-Octadecenoic acid methyl
ester. Table 5, show the percentages of
aldehydes, alcohols, ketones and some amines
and amides. Some of these compounds were
disappear or interact with other organic
compounds, especially, at high temperature
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degrees, which in turn, illustrate the highly
sensitive of these compounds. The rotary
evaporator technique gave less degradation
due to low temperature and to some extent the
absence of oxygen. The percentages of 2-
piperidinone, N- [4-bromo- n- butyl]
degradation by using rotary evaporator were
less comparing with conventional method,
which explain the ability of rotary evaporator
to maintain flavor compounds. The vacuum
condition which reduces the oxygen
availability inhibits the oxidation reaction.
Similar results were shown with 12-Methyl-E,
E-2,13-octadecadien-1-ol  compounds, the
degradation effect was more by using high
temperature degrees (traditional method) and
free oxygen. The heat treatment easily leads to
chemical degradation and building up new
adopted flavor compounds, which may badly
affect the original flavor (Mastello et al, 2015;
Vervoort et al, 2012). Many previous papers
referred to the presence of d-carvone and a-
terpinol  which derived from limonene
dissociation throughout heat treatment under
acidic conditions (Bi et al, 2020; Wibowo et
al, 2015; Cheng et al, 2022).
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Table 5. Showing the percentages of flavor compounds (alcohol, ketone, aldehyde and others)
in fresh orange juice and concentrate reconstituted using rotary evaporator technology

Compound

Fresh R40 R50 R60 Temp Temp Temp
% of C° C° C° 60C° 80C° 100
total Cc°

N-Methyl-3-piperdinecarboxamide.

Octanal

2-pyridinemethanamine

2-Piperidinone, N-[4-bromo-n-butyl]
1,3,2-Dioxaborolane, 4,4-dimetyl-5-oxo-,2-ethyl.
1,2-15,16-Diepoxyhexadecane.

12-Methyl-E, E-2,13-octadecadien-1-ol
1H-Tetrazole-1-ethanol, 5-amino-

1-Dodecanol, 2-octyl-

2-Hexyl-1-decanol.

Anethole

2-Dodecen-1-yl (-) succinic anhydride.

Octa decanal
3,5-di-terButyl-4-hydroxybenzaldehyde
1-Cyclohexene,

1,3,3-trimethyl-2-(1-methylbut-1-

1464 ND ND ND ND ND ND

1434 056 050 0.33 0.23 ND ND
1429 096 0.72 041 0.38 0.36 0.23
1.256 0.28 0.18 0.15 ND ND ND
0793 014 ND ND ND ND ND
0.760 030 025 0.25 0.23 0.20 0.17
0555 ND ND ND ND ND ND

0389 022 019 0.12 ND ND ND
0337 ND ND ND ND ND ND
0318 028 0.23 021 ND ND ND

0280 ND ND ND ND ND ND
0261 ND ND ND ND ND ND

en-3-on-1-yl).
Pyrido(4,3-d) pyrimidine-2,4(1H,3H)-dione, 1,3-
dimethyl-.
CONCLUSION Author/s signature on Ethical Approval
GC-MS has identified about 50 taste Statement.
constituents in fresh orange juice. The main Ethical Clearance and Animal welfare
flavor components of concentrated and fresh Funds:

orange juice include esters, monoterpenes,
sesquiterpenes, and limonene. According to
the study, there were notable variations in the
flavor components between the concentrated
orange juice made with a rotary vacuum
evaporator and the fresh orange juice. In
concentrated orange juice, new taste molecules
have been found, particularly when high
temperatures are applied. The paper also
discusses how difficult it is to protect taste
molecules against degrading factors.
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