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RESULTS AND DISCUSSION

The various methods employed for the detection of adulteration
of onion oil or garlic oil necessitated the application of accurate
analytical methods to mixtures of such oil and a particular adulterant
of well known composition. It is important to indicate that any foreign
substance, when added in a variable quantities of authentic samples
of the mentioned oils, could be looked upon as an adulterant. However
the present investigation includes the various procedures which could
be successfully used for the detection of adulterants usually employed
by exporters and producers and it is common knowledge that these
substances are characrer:zed by their availability and their relatwely
cheap price besides the fact that they are structurally similar to

one or more of the main constituénts of onion and garlic oils .

The results obtained during the course of the present work

necessitated the presentation of data under two main headings. The

first one represents the results of onion oil from Allium Cepa L.

(Bassel) and the second one represents the results of garlic oil from

Allium sativum L. (Toam) although both present the Genus Allium

which is placed in the family Liliaceae.

It should be pointed out at this stage that the analyticai methods,
which are indicated for each adulterant, are presented in a certain
order which followed to a great extent the sequence of events aiming

at the quantitative determination of minute quantities of the adulterant
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in question. In addition, more than one analytical method were employed
to verify the results and to give those who are interested in such
a problem the chance to choose between procedures on the basis of

the availability of reagents.

IV-l. Part I: Onion volatile oil:

IV-1.1. Physical and chemical properties of onion volatile oil, aged .onion

volatile oil and adulterated samples with various adulterants

Onion volatile oil, aged onion volatile oil and adulterated onion
volatile oil with various adulterants were subjected to the routine
analytical determination employed in the field of e§sentia! oils, for
identification and comparative purpose. These analysis include the
specific gravity, refractive index, acid number and the solubility in

ethanol and other organic solvents.

IV-1.1.1. Physical and chemical properties of fresh onion volatile oil:

Data tabulated in table (3} show the physico-chemical properties

of onion volatile oil.

In general the obtained results are in agreement with those

reported by Chiris (1937}, Guenther (1952) and Nofal (1974).

The solubility results shown in table {4) indicated that the onion
volatile oil was insoluble in diluted ethyl alcohol {75 and 85%), but
soluble in 5.1 volume and :more of 95% ethyl alcohol. Also these

results indicated that onion volatile oil was completely solubie in
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Table 3

Physical and chemical properties of onion volatile . oil and

adulterated samples by different adulterants

Specific  Refractive Acid

Samples gravity index ;number:
Fresh omion volatile oil. 1.0965 1.5614 7.27
Fresh+ 10% aged onion volatile oil 1.0977 1.5623 9.77
v + 20Z2 ' ' - 1.0995 1.5629 10.57
s + 302 ,,’ " " ’» 1.1015 1.5635 11.31
Fresh + 10%Z maize oil 1.0769 1.5517 6.88
v + 20% oo 1.0557 1.5435 6.41
' + 307 . . 1.0239 1.5342 5.29
Fresh + 10% ethyl alcohol 1.0697 1.5530 6.93
" + 202 ., » 1.0269 1.5396 6.33
' + 302 ., . 1.0142 1.4303 5.21
Fresh + 10%Z Paraffin oil 1.0770 1.5537 6.87
’s + 207% " » 1.0703 1.5461 5.74
’ + 30% ' ' 1.0544 1.5337 5.49
Aged onion volatile oil 1.1143 1.5703 12.33
Maize oil 0.9202 1.4755 0.27
Ethyl alicohol 0.7618 1.3645 0.13
Paraffin oil 0.9698 1.4864 0.28




- 57 -
Table (4)

The sglubility in ethyl alcohol of onion volatile oil and adulterated samples

by different adulterans

Solubility in ethyl alcohol

Sample
75% 85% 95 % 99 %
Fresh onion volatile oil Turbid Turbid sol, in 6.1 vol. Sol. in 1 vol,
and more and more
Fresh + 10% aged onion volatile oil  Turbid Turbid Sol. in 3.1 vol. Sol. in 1 vol.
) and more and more
o * 20% ” . - » Slightly turbid Slightly turbid
. + 30% ” " . - Turbid Turbid
Fresh + 10% maize oil Turbid Turbid Turbid Sol. in 1 vol
and more
” + 200{0 " »” " ” "
" + 30% " 1] ” " »”
Fresh + 10% ethyl alcohol Turbid Turbid Sol., in 4.6 vol. Sol. in 1 vol
and more and more
. v 20% . " ” Sol. in 3.6 vol. Saol. in 1 vol
and more and more
o + 30% L, " " - Sol, in 3.6 vol.” Sol. in 1 vol
and more and more
Fresh + 10% Paraffin oil Turbid Turbid Slightly turbid Slightly turbid
»”» « 20% " ”» " ”"” ” ” " '
” + 30% ” e ” ” ” " ” ”»”
Aged onion volatile oil Turbid Turbid Turbid Sol, in 3.6 vol
and more
Maize il - " " Turbid
Ethy! alcohol soluble soluble soluble soluble
Paraffin il Turbid Turbid Turbid Sol. in i vol.

and more
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carbon tetrachloride diethyl ether, n-hexane, and chloroform. These
results are in partial agreement with the results obtained by Chiris

{1937) and Nofal {1974).

IV-1.1.2. Physical and chemical properties of aged onion volatile oil and

aduiterated samples with aged onion volatile oil:

The aged onion volatile oil represent one of the most important
adulterants. The addition of quantities of such oil could easily pass
the simple routine analysis usually employed. The choice of aged
onion volatile oils was based on the fact that it is available in cheap

price.

The physico-chemical properties of aged onion volatile oil and
onion volatile oil adulterated with various concentration of aged onion
volatile oil are shown in table (3). Results showed that aduiteration
with 30% aged onion volatile oil increased the - specific gravity from

1.0965 for the fresh sample to 1.1015,

The refractive indec=s of fresh onion oil and aged onion volatile
oil were 1.5614 and 1.5703 respectively, It is obvious to note that
the addition of aged onion oil caused a gradual increase in the
refractive index of the onion oil. Such increase was directly
proportional to the concentration of aged onion oil added. The onion
oil - adulterated with 30% aged onion oil gave the higher refractive

index (1.5635) in comparison with fresh onion oil sample (1.5614).
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The acid number of fresh onion oil gradually increased with
increasing the percentage of aged onion oil i.e. the acid number
increased from 7.2656 for fresh onion oil to 9.7685, 10.5721 and
11.3136 for fresh onion oil adulterated with 10, 20 and 30% of aged
onion oil , respectively. This result may be attributed to the high
acidity of the latter oil, which resulted from the oxidation of aged
onion oil during long term storage at ambient temperature. It could
be concluded that the acid number could be used to detect the adulte-

ration of onion volatile oil with aged onion volatile oil.

The solubility of onion volatile oil in ethyl alcohol decreased
after adulteration with various concentrations of aged enion volatile
oil (10, 20 and 30%), while the fresh onion volatile oil is soluble
in 95% and 99% alcohol, the aged onion volatile oil soluble in 3.6
volume and more of 99% alcohol, and insoluble in 75%, 85% and

95% alcohol.

The solubility of onion volatile oil adulteratéd with 30% aged
onion volatile oil decreased and was turbid in 99% ethyl alcohol.
However, oily separation was observed from these solutions after
about 1-3 minutes. Results in table {4) indicate that the solubility
could be used to detect adulteration using aged onion volatile oil.
Thus, the solubility of essential oils in ethyl alcohol couid be

considered as a good criterion for its quality, Guenther (1960).

On the other hand, fresh and aged onion volatile oil were

completely soluble in diethyl ethér, carbon tetra chloride, n-hexane,

henzene and chlorofor:.
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v-1.1.3. ‘_Elggsical and chemical properties of adulterated onion volatiie

oil with maize oil

Maize oil represents the most common edible oil usually used
as an adﬁlterant in the field of essential oil. Since it is relatively
cheap and available in large quantities. But, the chemical nature
of maize oil is quite different from that of onion volatile oil
Accordingly, addition of maize oil to onion volatile oil will clearly
affect the various properties of the investigated egsential oils, especi-

ally, the chemical properties.

In the present study, onion volatile oil was mixed with increment

proportion of pure maize oil at concentration of 10, 20 and 30% by

volume.

The changes in physiCO—chemical properties of onion volatile
oil adulterated with 10, 20 and 30% maize oil are shown in tabie
(3). The results revealed that adding increment proportions of maize
oil caused a gradual decrease in the specific gravity values of onion
volatile oil, since, the specific gravity of maiz oil was lower than
that of pure onion volatile oil (0.9202). The specific gravity decreased
from (1.0965) to (1.0239) for onion volatile oil admixed with 30 percent

of maize oil.

However, obtained results reveal that specific gravity can not
be used as 8 reliable parameter for the detection of maize oil, since
such values fall easily within the range of specific gravity of onion
volatile oil which ranged from 1.0118 to 1.0980 as mentioned py Chiris

(1937), Gunther (1952} and iofal (1974}
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The refractive indeces of fresh onion volatile oil and maize
oil were 1.5614 and 1.4755 respectively. Addition of onion oil with
various concentrations of maize oil caused gradual decrease - for
refractive index of onion volatile oil. Such decrease was directly
proportional to the admixed concentration of, maize oil. The onion
volatile oil adulterated with 30% maize oil had the lowest refractive

index (1.5342).

The acid number of adulterated onion volatile oil with maize
oil at different concentrations showed obvious decreases when bompared
with the pure oil. The acid number decreased from 7.27 for onion
volatile oil to 6.88, 6.41 and 5.29 for onion volatile oil adulterated
with 10, 20 and 30% of maize oil respectively. This could be atributed
to the low acidity of maize oil, accordingly, the addition of maize

oil caused the decrements of the acidity of onion volatile oil.

The solubility could be considered a good parameter for deter-
mining the quality of essential oils, any change in the solubility
behaviour of an essential oil usualy demonstrates the presence of
an impurities in the oil. In the present investigation all adulterated
samples were subjected to a series of solubility measurements using

different concentrations of ethyl alcohol 75, 85, 95 and 99% .

It was noticed that pure onion volatile oil was completely soluble
in alcohol 4t concentration more than 95%. Vhile, samples mixed
with maize oil in the concentration of 10, 2¢ and 30% were soluble

in aleochol at 99% concentration -wvhile it was insoluble at a
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concentration of 95% alcohol or below that percent. In this case
a turbid solution formed and an oily layer separated immediately at

room temperature.

On the other hand, the onion volatile oil samples adulterated
with maize oil at concentration of 10, 20 and 30% were completely
soluble in diethyl ether, carbon tetra chloride, n-hexane, benzene and

chloroform.

IV- 1.1.4. Physical and chemical properties of aduiterated onion volatile

oil with ethyl alcohol:

Ethyl alcohol is considered as one of the most alcohols usually
used by exporters and producers of essential oil in moderate quantities
as an adulterant. Since it is comparatively a cheap source and

commercially available as diluent for essential oil.

Essential oils usually Contains alcohols demonstrated as hydroxyl
groups, consequently the addition of ethyl alcohol would be a common
practice especially it would not affect either the odour or the flavour

of the resulting adulterated mixture.

In the present study, onion volatile oil was mixed with increment
proportion of absolute alcohol in the concentration of 10, 20 and 30%

by volume.

The changes in the physico-chemical proporties of onion volatile

oil aduiterated with 10, 20 and 30% ethanol are shown in table (3).
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These results indicated that the addition of increment proportions
of ethyl alcohol caused a gradual decrease in specific gravity values
of onion volatile oil adulterated with ethyl alcohol, since the specific
gravity of ethyl alcohol is lower than that of pure onion oil (0.7618).
Consequently, the specific gravity decreased from (1.0965) for pure
onion oil to 1.0697, 1.0269 and 1.0142 for onion oil admixed with

10, 20 and 30 percent of ethyl alcohol.

It is important to note that specific gravity can mnot be used
as a reliable parameter for the detection of ethyl alcohol, since such
values fall easily within the range of specific gravity of onion volatile
oit from 1.0118 to 1.0980 which was mentioned by Chiris (1937),

Guenther{1952) and Nofal {1974).

The refractive indeces of fresh onion oil and ethyl alcohol were
1.5614 and 1.3645, respectively. Adulterated onion volatile oil with
increment proportion of ethyl alcohol caused gradual decrease in the
refractive index of onion volatile oil. The onion oil adulterated with

30% ethyl aicohol had the towest refractive index.

The acid number of adulterated onion volatile oil with ethyl
alcohol at a concentration of 10, 20 and 30%, showed obvious decreases
when compared with the elutriated oil. The acid number decreased
from 7.27 for fresh onion volatile oil to 6.93, 6.33 and 5.21 for onion
volatile oil adulterated with 10, 20 and 30% of ethy! alcohol
respectively. This could be ascribed to the low acidity of ethyl alcohol
(0.13), accordingly the addition of ethyl alcohol caused the decrements

af the acidity of onion volatile oil.
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The solubility of onion volatile oil in alcohol could be considered
as a good method for determining the quality of essential oils as
mentioned before, any change in the solubility behaviour of an essential
oil demonstrates the presence of i mpurities in tested volatile oil.
The solubility test was undertaken using different concentrations of

ethyl alcohol viz;99, 95, 85 and 75%.

[t was noticed that the pure onion volatile oil was completely
soluble in alcohol at concentration of 99%, whereas, it was also
soluble in 95% alcohol using 6.1 volume and more, while it was
insoluble in alcohol at concentration less than 95%. On the " other
hand, samples mixed with ethyl alcohol at the concentration of 10,
20 and 30% were soluble in 99% alcohol, while in 95% alcohol it
was soluble using 4.6 volume ,and more for volatile onion oil plus
10% ethyl alcohol, ‘and 3.6 volume and more for onion volatile oil
aduiterated with 20 and 30% of ethyl alcohol. However, samples
adulterated with 10, 20 and 30% ethyl alcohol were insoluble at a
concentration ranged from 75 to 85% ethyl alcohol with the immediate

separation of an oily layer at room temperature,

Meanwhile, the onion volatile oil samples adulterated with ethyl
alcohol at the concentration of 10, 20 and 30% were completely soluble

in diethyl ether, carbon tetrachloride, n-hexane, benzene and chloroform.

IV-1.1.5. Physical and chemical properties of aduilterated onion volatile oil

with paraffin oil:

Paraffin oil especially that of light paraffin oil is usually used
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as adulterant for essential oil. Since paraffin oil is colourless and
does not impart any strange odour or flavour to the adulterated

essential oil.

Results in table (3) represent changes in physico—chemical
properties of onion volatile oil adulterated with paraffin oil, these
results indicated that the increment concentrations of paraffin oil
used as adulterant in onion volatile oil namely 10, 20 and 30% by
volume caused a proportional decrements in the specific gravity,
refractive index and acid number. Since, the specific gravity of
paraffin oil (0,9698) is less than pure onions volatile oil (1.0965).
It is quite clear that adding increment concentrations of light paraffin
oil to elutriated pure onion oil decreased its specific gravity from
1.0965 to 1.0770 , 1.0703 and 1.0544 for adulterated onion volatile

oil plus 10, 20 and 30% paraffin oil respectively.

On the other hand, the refractive index of pure onion volatile
oil and light paraffin oil were 1.5614 and 1.4864 respectively. The
admixture of light paraffin oil with pure onion volatile oil in increment
proportion caused an obvious decrease, since the refractive index of
the admixed onion volatile oil with paraffin oil were: 1.5537, 1.5461
and 1.5337 for onion volatile oil samples contained 10, 20 and 30%

paraffin oil respectively.

The acid number of pure onion volatile oil was 7.27, whereas,
that of pure paraffin oil was 0.28. Accordingly, the acid number

of adulterated onion volatile oil proportionally decreased upon increasing
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the percentage of paraffin oil. Resuits obtained in table (3) had shown
the same above mentioned trend, since the acid number was 6.87,
5.74 and 5.49 for adulterated onion volatile oil mixed with 10, 20

and 30% paraffin oil respectively.

Solubility of pure onjon oil adulterated with light paraffin oil
was determined using different concentration of ethanol viz., 75, 85,
95 and 99%. The results in table (4) indicate that pure onion oil
was insoluble in alcohol at concentration ranged from 75 to 85% but
started to turn soluble in 95% alcohol using 6.1 volume and more
and 99% alcohol using 1 volume and more. ‘Meanwhile, the pure
parafffin oil is insoluble in all concentrations except that of 99%
alcohol, since it turned soluble in 1 volume and more. The admixed
samples of pure onion oil and light paraffin oil at different concent-
ration were insoluble. However, the degree of solubility differed
from turbid to slightly turbid as the concentration of ethyl alcohol
increased from 75 to 99%. At proportionally low concentration 75
and 85% alcohol the adulterated oil together with ethyl alcohol were
turbid and formed two layers, whereas, at higher concentration at
95.and 99% alcohol the mixture of the adulterated oil with the solvent

was slightly turbid.

Generally, the results obtained for the physico chemical properties
i.e. specific gravity, refractive index, acid number and solubility of

adulterated onion volatile oil with different adulterants are in good

agreement with results obtained by Osman et al. (1974) on geranium
oil, El-Masry (1978) on geranium oil and peppermint oil, Oda (1982)

on geranium oil and cumin oil and El-Masry (1985) on marjoram oil,

petitgrain bigrade oil and fennel oil
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Iv-1.2. UV spectra of onion volatile oil, aged onion volatile oil

and adulterated samples with various adulterants:

IV-1.2.1. UV spectrum of fresh onion volatile oil:

The ultra-violet absorption spectrum of onion volatile oil showed
a maximum absorption at 278 mu Fig {(1). This might be attributed
to the presence of the same chromophoric groups in the molecules
of these oils especially unsaturated linkages {Bauman, 1963 and Rao,

1967) .

IV-1,2.2. UV _spectra. of aged onion volatile oil and adulterated

samples with aged.onion volatile oil:

The UV apsorption of aged onion volatile oil (Fig. 2) and onion
volatile oil adulterated with aged onion volatile oil at different
concentrations 10, éO and 30% Fig. (3) reveal that the maximum absorp-
tion was at 278 for all examined samples, also minute changes were

observed in the absorption intensities.

IV-1.2.3. UV spectra of aduiterated onion volatile oil with maize oil:

The UV absorption of onion volatile oil adulterated with maize
oil with the concentrations 10, 20 and 30% reveal that upon using
the same concentration a proportional different absorption intensities
were obtained for the different adulterated samples Fig. (4). The
absorption rate decreased with increasing the concentration of maize oil
percent. Since the absorption percentage were, 1.28, 1.15 and (.02 for

adulterated onion volatile oil with 10, 20 and 209 meize oil,respectively.
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According to the obtained results, this test could be used as a

qualitative test to indicate the adulteration practice with maize..oil.

IV-1.2.4. UV_spectrum of adulterated onion volatile oil with ethyl

alcohol:

The UV absorption of onion volatile oil samples adulterated
with different concentration of ethyl alcohol viz; 10, 20 and 30%
indicate that upon using the same concentration different absorption
intensities were obtained for the different adulterated sample Fig.
(5. The absorption intensities decreased obviously with increasing
the concentration of ethyl alcohol percent. However, the intensity
of decreasing was not proportionally related to the amount of ethyl

alcohol added.

IV-1.2.5. UV _spectrum of adulterated onion volatile oil with paraffin

The UV absorption of onion volatile oil adulterated with
paraffin oil in increment concentration namely 10, 20 and 30% is
shown in Fig. (6). It could be observed that upon using the same
concentration proportional different absorption intensities were obtained
for the different adulterated samples, The absorption intensity
decreased with increasing the concentration of the paraffin oil.
Since, the absorption intensities were, 1.39, L16 and .11 for
adulterated onion volatile oil with paraffin in the concentration 10,
20 and 309 respectiirely. These results ray be attributed to that

the added paraffin oil plays as a diluent.
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Accordingly, it seems that the UV absorption rates could be

used as a qualitative test to indicate the adulteration of onion volatile

oil.
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IV-1.3. 1.R__spectra of onion_ volatile oil, aged onion volatile oil

- and adulterated samples with various adulterats:

IV-1.3.1. J R. spectrum of fresh onion volatile oil:

IR spectrum of fresh onion volatile oil is shown in Fig. (7)

and tabulated in table (5).

The absorption band at 665 Cm-l indicates the probable presence
of (C-S), as mentioned by Finar (1973). The absorption bands at
730 and 755 Cm“l refer to alkenes (CHZ) n-rock and (CHz)n-rock

(Smaller n) respectively as it was reported by Goergy (1978). While,

' - - ~ s/
the absorption band at 935-952 le may be assigned to /C =C
- \

trans doubole bond (Gore 1972), The oabsorption bands at 1035 and 1048
Crn-1 are due to sulphoxide group (-g-) as mentioned by Bhati (1968),
while those at 1085 Cnn_'l and 1110 Cm™! is due to the presence of
sulphinic acid {-SO-OH) and thicketone (Bellamy 1962). Furthermore,
the absorption band at 1150-1170 Cm-I is attributed to sulpht.;ﬁe'gioup

(';802) as stated by Bellamy (1962), Nakanishi {1964} and Bhati (1968).

The absorption band at 1285 Cm'l refers to the presence
of propyl sulphide, while the abs;orption band at 1375 Cm'1 resulting
from (CH3-bending). Also, the absorption band 1411-1460 Cm-l
indicates the presence of active methylene group (Goergy 1978). The
absorption band at 1700 Cm'l refers to carbonyl group as reported
by Rao (1963) and Bhati (1968). The absorption band at 2250 Cm’ !

may be assigned to alkyne disubstituted (Pecsok and Shields 1968).
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Table (5)

IR spactrum of fresh onion volatile ofl

Band at wave

number Cm~ Bond or group

665 v c-5
730 w (Cﬂz)n- rock
7155 w (.CHz)n- rock {smaller n)
935-952 b.a :C - C,\ trans double bond
‘1035 Sulphoxide group
1048 w " ”
1085 w Sulphinic acid-50-0H
1150-1170 b.w Sulphone group :_‘SO2
1230 s C-0H stretching
1285 s Propyl sulphids
1305 m Sulphone group :802
13251355 b.w Sulphone group s0,
1375 s CH3— (bending)
1410-1480 b.s Active methelene group
1605 s Aminea N-H
1700 s Carbonyl group
1765 . sho C=0 sretching
2250 v.w C=C slkyne disubstituted
2600-2660 b.w (-SH) group
2730 v C=0 stretching
2818 - sho C=0 stretching
2850-2990 b.s CHS-C Hz ~ Alkane
Where: s = strong m = medium
w = weak vow = very weak
sho = shoulder b.s = broad strong

bow = broad wesak b.m = broad medium
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Whereas, the absorption bands at 2600 and 2660 Cm refer to

(-SH) group Finar 1973). The absorption band at 2730-2890 Cm-l
may be due to bonded oH (Peésock and Shieids 1968). While, the
absorption bands at 2920-2980 Cm"l may be due to methyl and

methelene group ( Goergy 1978 ).

From the above mentioned results, the infrared spectrcscopy
can be used as a good qualitative analysis method for the volatile
. -1 -1
oils in onion. Since, the whole spectrum from 3000 Cm ° to 650 Cm
could be considered as fingerprint for the different constituents of

this essential oil.

IV-1.3.2. IR spectra . of aged onion volatile oil and adulterated

samples with agéd onion volatile oil:

IR spectra of aged onion volatile oil and onion volatile oil
adulterated with different percentages of aged onion volatile oil are

illustrated in Figs (8 and 9) and tabulated in table (6).

The obtained results showed that no new bands were detected
in the IR spectra of onion volatile oil adulterated with different
concentration of aged onion volatile oil. The adulteration caused

only an increase in the absorption bands intensities.

IV-1.3.3. IR spectrum of aduiterated onion volatile oil with maize oil

IR spectra of onion volatile o0il adulterated with different
percentage of maize oil and the spectrum of pure maize oil are

illustrated in Figs. (10 and 11} and tabulated in table (7).
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Table (6}
|.R. spectra of aged onion volatile oil and adulterated onion volatile oil with
aged onion volatile oil
Aged onion Onion oil Onion oil Onion of}
+ + * Bond or group
Volatile oil 10% aged oil 20% aged oil 30% aged oil
665 sho 665 sho 665 sho 665 sho C-S
690 sho 690 sho 690 sho 690 w Alkenes - disubstituted - cis
730 W 728 n 726 m 725 m (CH2)n - rock
735 sho 750 w 750 w 745 w (Cﬂz)n - rock (smaller n}
935- 952 b.s 935- 950 b.,m 935- 950 bem 930- 945 b.s ;C—C\/ trans doubie bond
995 vr 995 sho 995 sho 995 sho
- 1030 . sho 1030 sho 1030 sho Sulphoxide group
1048 w 1048 w 1048 w 1045 m Sulphoxide group
1085 m 1085 W 1085 w 1080 m | Sulphimic acid
1150-1170 b.m 1150-1170 b 1150-1170b. m 1145-1160 b.m Sulphone group "/502
1230 s §230 s 1230 s 1230 s “ C-0H stretching
1265 sho - 1260 sho 1260 sho =C-0-C=antisym. stretching
1289 s 1289 s 1289 s 1289 s Propyt sulphide
1305 w 1305 S W 1305 w 1300 m Sulphone group ";502

1330-1355 b.w

1375 s
1410-1430 b.s
1605 s
1705 s
2240 VoW
2660 W
2720 w

2850-2080 .S

1325-1352 b.w
1375 s
1408-1465 bom

1605 ]
1700 s
2240 w
2660 w
2730 w

28502930 [.s

1325-1352 b.w
1375 s
1408=1465 bew

1605 s
1700 s
2240 w
2 640 w
2730 w
2850-2980 D.s

1320-1350 b.w

1375 s
1408-1460 b.s
1600 s
1700 s
2240 w
2650 v
2730 w

Sulphune group

SH3- b;nld-lng

Active methelenc group

Amines N-H

Carbonyl group

C&C Alkyne disubstituted
(- SH) group

C=0 stretching

CHS-CH 9" Alkane




- 83 -

*[10 9ZIBW Y3I|A PaIeJSINPE 10 D}1IBJOA UOIUC JO BAD3dS ]

‘“

e

Rom + (1}

307 +

4 (1}

‘0 @Zrel| 0T + TIO STAB[OA UOTUQ

ol

U3 HIBWNNIAVM

051

L

Dokt 0081 OOOC

Hot) *Sud

'R

......

g e e (1 T Y I 5 O S SR |
L /_ g 4 _H.W_w g == ; ”
: C i . 3 i 1 [ i . ] i
ERFRTRENN NN SUSO PRI R SN JEVNE S0 IENSCUISHY NERNN FN S S _ Ao S RPN A ! '
i o O I S N AN R .
: et - e i S —
! SN EXONEINN FRL YO IER FEE1 O B 152 OO0 ISR R FUNR) SV CUUES W IPUS NS | Y RSSO ORNS SEEMd DU AT O [P
| . .,. { “ : : . . “ . : “
“ : / - i N A I AT B
RSSO NN B - - . - % ‘ el l . _ 1
A e - IHL -
TN | \
, _ 17
R - L
N (
: , 1
i
f
hi

F(--'--“
oo -—

L

B\

LT N

.n._

.;m
o

& W oor L9 s oM

B T A

1
wr

L
1DNITIAVM

e




‘o 9zjew jo wnadads Al : (1y) Bid

U0 HIBANNIAYM .
]l 0oM eoZl  oowi 0OSL O DORZ  eod  QoRr Q0 erxe IRE ot MR copp

or o0 ¥4 UL 003 005 o ool 24 0061 (4]

s R R RN RN R R S D A PV SO
wii-!w . .._.'. d_1 | __ ; j/ Lr.“T.l. ,. w-n -ﬁ B _ ..um”.r.nw.l..--m||- -...I-._ 5...|r.l_.l.--|..“l.f .

P S

- 84 -

1
!
|
I I—
{
[
{— T--‘
1
|
]

A -.n......ﬂ.:”..r.ﬂ S _i- T I...-..l- ke 4 -~ -

g :
1,1 !
!




I R spectra.

-85 -

Table {7)

of adulterated onion volatile oil with m

aize oil and pure maize oil.

Pure maize

oil

Onion oll

*

10% maize ofl

Onion oil

-

205 maize oil

Cnion oil
-+

30°% maize oil

Bond or group

722 m
845 n
365 w
1030 w
1096 [
1115 m
<1165 s
1238 m
1318 w
1375 s

14101470 b.s

n -

1650 n
1740 H
2500-3000 b.s
3010 5

3445 W

665 w
730 W
755 W
910- 980 s
1030 sho
1048 m
1085 m
1115 w
1160 $
1230 ]
1288 [
1305 mn
1325 m
1350 W
1375 8
1410-1470 b.s
1605 s
1700 s
1740 s
2660 w
7130 w

2840-3000 b.s

3010 sho

665 w
725 w
155 w
910- 980 s
1030 sho
1046 w
1085 m
1115 sho
1160 .s
1230 s
1288 s
1305 w
1325 w
1350 w
1375 s
1410-1470 b.s
1605 s
1700 s
1740 s
2660 w
2730 w
2840-3000 bus
3010 w

665 sho

725 w

755 w

910- 980 s
1030 sho
1040 w
1085 w
1115 = sho
1160 s
1230 s
1288 m
1305 w
1325 w
1350 w
1375 s

1410-1470 bes

1605 m
1700 s
1740 s
2660 w
2730 w
2840-3000 b.s
010 w

CS
(CHzl n rock

lCHzln roclf {smaller n)

-~ ~ :
C=C  trans double bond
/ Y

;c=c: o . m
Sulphoxide group
Sulphoxide group
Sulphinic acid -S0-0H
C-0 strerching, aliphatic ethers
C-0 in primary alcohol
Sulphone group or tertiary alcohol
C-0H stretching
Propyl suiphide

Sulphone group 5O,

Sulphone group ':302
Suiphone group ";302
CH4 - {bending)

Active methelene group
Awnines N-H

Alkenes disubstituted, cis
Carbonyl group

C=0O stretching

(-SH) group

C=0 stretching

Clis-Cl lz- Alkane
siethyl and methelene group

O-il Alecohol
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It is obvious that new band appeared in the three obtained spectra
as compared wir.h the spectrum of onion volatile oil. The new band
appeared at 1740 Cm-l refering to C=-0O stretching of aliphatic esters.
Moreover the adulteration of onion volatile oil led to broading in
absorption bands at 910-980 Cm™' and 2840-3000 cm™l. The first
band indicates to trans double bond, while the second band refers

to -CH- stretches, as showed by Gore (1972).

As it is shown from the obtained data, thatl R spectra of onion
volatile oil adulterated with maize oil differ from the spectrum of
pure onion volatile oil, therefore it can detect the adulteration of

onion volatile oil with another edible oil.

Iv-1.3.4. IR. spectrum of adulterated onion volatile oil with ethyl

alcohol:

I.R. spectra of onion volatile oil adulterated with 10, 20 and 30%
ethyl alcohol and pure ethyl alcohol are shown in Figs. (12 and 13)
and table (8).

The obtained resuits showed that no new bands appeared in the
spectra, as a resuit of adulteration onion volatile oil with ethyl alcohol.
The absorption bands increased in intensity by adding ethanol to onion

volatile oil.

IV-1.3.5. IR spectrum of adulterated onion volatile oil with paraffin oil:

i.R spectra of onion volatile oil adulterated with 10, 20 and 30%
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Table (3)

pure ethy! alcohol.

e oil with ethyl alcohol and

Pure ethyl Onion oil Onion oil Onion oil
- + + Isond or grouy
alcohol 10% ethyl alco, - 20% ethyl alco. 30% ethyl alco.
- 665 sho 665  sho 665 sho  C-§
- 725 w 730 w 725 w  (CHp, - Tock
- 750 w 752 w 740 -sho (-Z.lezll_l - rock {s.aaller n}
- 920-970 bs 920-970 bs 920-970 bm >C=C: trans doul;le bond
- 1040 w 1050 w 1040 w Sulphoxide group _§.
- 1082 m 1085 r 1080 w Sulphinic acid
1098 w - - - C-0-H bend primary aleohol
. 1115 w 1115 sho - Thiokerone
- 1155 m 1155 Q 1155 m  Sulphone group S0
- 1228 3 1230 s 1230 in C-OH stretching
- 1285 s 1280 ] 1288 m Propyl sulphide
- 1305 m 1308 &Y 1300 sho Sulphione group
- 1325 w 1325 w 1325 v.w Sulphone group
- 1348 w 1348 w - Sulphone group
- 1374 s 1376 s 1375 w CH!}- bending
- 1400-1470 bes 1400-14T70 Les 1400-1470 b.s Active niethelene group
- 1605 s 1605 s 1605 m Amines -l
- 1700 s 1700 s 1700 m Carbonyl group
- 2250 V.W 2250 V. W - vow CsC alkyne disulstituted
- 2650 YW 2650 v U 2650 v.W (~ St} group
- 2730 w 2725 w 2710 w <20 stretching
- 28402990 b.s 2840-2990 b.s 2820-3000 b.m -CH- stretches
2980 . . v CH, - stretching.
3400 b.s 3460 V. W 346G b - H-bended OH stretch
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paraffin oil and the spectrum of paraffin oil are illustrated in Figs.

(14 and 15) and showed in table (9).

Four new bands appeared in the obtained spectra as a result
of adulteration of onion oil with paraffin oil. The new absorption
bands are at 705, 1125, 1270 and 1730 Cm—l. The four absorption
bands refer to alkenes, C-0 in primary alcohols, C-0-C antisymmetrical
stretching and C=0 stretching in aliphatic esters, respectively as

mentioned by Silverstein and Bassler (1967).

Adding paraffin oil with different concentration to onion volatile
oil caused also broading . two absorption bands namely at 740 and
2840-3000 Cm'l. The previous absorption bands refer to ('CI-IZ)ﬂ and

-CH stretches respectively, as announced by Gore (1972).

As it is shown from obtained data,l R spectrum of onion volatile
oil adulterated with paraffin oil differ from the spectrum of pure
onion oil. Therefore, the adultera;ion of onion oil with paraffin oil

can be dected. by using this method.
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Table (9)

[R spectra of adulterated onion volatile oil with paraffin oil and

pure paraffin oil

Pure paraffin
oil

Onion oil
.-

10% paraffin oil 20% paraffin oil

Onion oil
t

Onion oil
-

30% paraffin oil

Bond or group

650 m
705 s
740 ]
920 sho
965 s

1040 5

1075 s

1120-1140 b.s

1240-1310 bes

1375 sho
1380

1460 s
1530 s
1600 s
1730 3
2410 w
2720 :n

2840-3035 b.s
3080 N

650 sho
665 w
705 w
740 s
920-970 b.s
1048 s
1075 s
1125 s
1165 sho
1232 s
1275 sho
1288 b.s
1305 sho
1325 w
1350 w
1378 s
1410-1470 b.s
1580 sho
1605 s
1730 s
2410 Vi W
2660 Vew
2730 w
2840-3040 b.s
3030 w

650 sho
665 sho
705 w
740 s
920- 97¢ b.s
1040 m
1075 s
1125 s
1165 sho
1232 3
1275 sho
1288 b.s
1305 - sho
1325 w
1350 w
1378 s
1410-1470 b.s
1380 w
1605 3
1730 s
2410 VoW
2660 v
2730 W
2840-3060 b.s
3080 w

650 w

705 w

740 s

920~ 970 b.s
1040 w
1075 s
1125 s
1165 sho
1232 m
1275 sho
1288 b.s
1305 sho
1325 sho
1350 sho
1378 m

1410-£470 b.s

1580 w
1605 m
1730 s

2410 %W
2730 w
2840-3060 b.s

3080 w

Olefinic C-Hl bending vibrations
Cc-S

Alkenes {distributed)

(Cl[z) o rock

~ P
C = C trans double band
e ~ )
C-O stretching in primary alcohol

C-0O stretching in primary akohol

C-O in primary alcohol

Sulphone group S0,

C-Oll stretching

=C-0-C antisymmetrical stretching

Primary alcohol

Sulphone group .;502

T ” [ 1]

Ct 13 - bending

CH_., - bending

OH bending in carboxylic acids

C=0 stretching {(ca rboxylate
anmion stretching)

Amines N-H

C=0 stretching in aliphatic ester

Disubstituted acetelene

(-SH) group
C=0 stretching

Cl—ls-CH2- Alkane

" C -i{ stretching




- 94 -

v-1.4. G.L.C. of onion volatile oil, aged onion volatile oil and

adulterated samples with aged onion volatile oil and ethyl

aleohol:

Gas liquid chromatography wsils accomplished for the separation
of the components of onion volatile oil which are responsible for the
aroma and flavour of essential oils. The onion volatile oil, aged onion
volatile oil and adulterated samples with aged onion volatile oil and
ethyl alcohol were analyzed using gas liquid chromatography under

the conditions previously mentioned in the methods section:

IV-1.4.1, G.L.C. of fresh onion volatile oil:

The gas chromatogram of onion volatile oil is shown in Fig.(16).
The identified compounds of this oil are listed in table (10). Results
in this table indicate that the total peaks of the fresh onion volatile
oil were 23. Sixteen volatile compounds had been identified, while
seven compounds were still unknown with concentration ranged from
0.14 to 33.91%, these unknown peaks would require further studies

by other technique of analysis to be identified.

The identified flavour components of the onion volatile oil could
be classified into four categories according to (Boelens et al. 1971)
namely oxygenated compounds, disulphide, trisulphide and thiol
compounds. The oxygenated compbunds namely; acetaldehyde, propion-
aldehyde, nonanal, decanal, octanal, undecanal, propyl alcohol, hexyl
alcohol, decanol and methyl taurine. The total percentage of these

oxygen compounds were 35.21%.,
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Table (10)

G.L.C. of fresh onion volatile oil

Peak No. Percentage Name of component

1 0.46 Acetaldehyde

2 0.30 Propionaldehyde

3 1.46 - Propyl alcohol

4 0.50 Octanal

5 0.34 Nexyl alcohol

6 0.60 Nonanal

7 0.23 1-propanethiol

8 0.82 Decanal

9 0.56 Disulphide propane
10 0.56 Decanol

11 0.49 Propane trisulphide
12 0.60 Propyl disulphide propane
13 2.58 Unknown

14 0.14 o

15 12,95 Methyl propyl trisulphide
16 7.53 Dipropyl trisulphide
17 9.16 Undecangl

18 0.38 Unknown

19 3.10 v "

20 0.34 ’ ’

21 1.87 ’ "

22 33.91 ’ '
23 21.01 Methyl :taurine
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These results are in partial agreement with these obtained by
Bandyopadkyoya et al. (1970), Brodnitz and Pollock (1970), Boelens
et al. 1971), Nofal (1974) and = Mazza et al. (1980 )  who identified,
propyl alcohol, p_ropionaldehyde, acetaldehyde, 2-methyl-2-pentanal
and acetic acid as oxygenated compounds of the onion volatile oil.
Also, the same results indicated that methyl taurine undecanal and
propyl alcohol are the main oxygenated compounds in the onion volatile
oil, their percentages are 21.01, 9.16 and 1.46% ,respectively. On
the other hand propionaldehyde and hexyl alcohol represented the
lowest amount of oxygenated compounds, their percentages are 0.30

and 0.34%,respectively.

The identified disulphide compounds in the onion volatile ofl
were, disulphide propane and propyl disulphid propane, their percentages
were 0.56 and 0.60% , respectively. The total percentages of these
compounds are 1.16%. Whereas the identified trisulphides were; propane
trisulphide, methyl propyl trisulphide and dipropyl trisulphide their
amounts are 0.49, 12.95 and 7.53% ,respectively and hence, the total

percentage of these compounds is 20.97.

The obtained results are in good agreement with these obtained
by Carson and Wong (1961 B), Saghir et al.(1964), Carson {1967), Chua
et al. (1963), Bernhard (1969), Brodnitz et al. (1969), Boelens et al

(1971), and Mazza et al. ( 1980 ), as - reported in the literature.

iv-1.4.2. G.L.C. of aged onion volatile oil and adulterated samples

with aged onion volatile oil:

Gas chromatography was used to separate the volatile components
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of adulterated onion volatile oil using aged onion volatile oil with

ratios 10 and 20% by volume.

The gas chromatograms of aged onion volatile oil and adulterated
samples of onion volatile oil with aged onion volatile oil -are illustrated
in Figs (17, 18 and 19), whereas, the identified compounds of these
oils are listed in table (11). Resuits indicate that the total peaks
of fresh onion volatile oil, aged onion volatile oil and two aduiterated
samples with (10 and 20%) aged onion volatile oil were 23 compound.
Sixteen voiatile compounds were identified whereas seven compounds
were considered as unknowns with the concentration ranged from 0.14
to 33.91, 0.29 to 47.12, 0.20 to 36.21 and 0.21 to 42.69% for fresh
onion volatile oil, aged onion volatile oil and adulterated onion volatile
oil with ratios 10 and 20% aged onion volatile oil ,respectively. The
unknow percentages were higher in aged onion volatile oil .than in

the fresh ones.

The identified volatile compounds can be classified to four
categories namely; oxygenated compounds, disulphide, trisulphide and

thiol compound.

The total percentages of the oxygenated compounds in these
volatile oils were 35.21%, 24.8%, 34.98% and 29.17% for fresh onion
volatile oit, aged onion volatile oil and adulterated onion volatile oil

with 10 and 20% of aged oil,respectively.

Results indicated that some of the oxygenated volatile compounds

decreased upon storage such as methyl taurine, undecanal, decanal,
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Table (11)

G.L.C. of pure onion volatile oil and adulterated samples

with aged onion volatile oil

Peak  Fresh Aged Fresh o. Fresh o. : _
No. onion onion + 102 + 207 Name of compound
oil oil aged oil. aged oil
1 0.46 trace 0,44 0.40 Acetaldehyde
2 0.30 trace 0.30 0.41 Propionaldehyde
3 1.46 2.89 2.70 2.82 Propyl alcohol
4 0.50 1.15 0.80 1.13 Octanal
5 0.34 0.69 0.38 Q.50 Hexyl alcohol
6 0.60 0.81 0.68 0.72 Nonanal
7 0.23 0.41 0.59 0.33 1-Propanethiol
8 0.82 0.37 0.80 0.55 Decanal
g 0.56 0.31 0.52 0.45 Disulphide propane
10 0.56 0.35 0.55 0.52 Decanol
11 0.49 0.35 0.47 0.45 Propane trisulphide
12 0.60 1.01 0.71 0.94 Propyl disulphide propane
13 2.58 0.96 1.55 1.46 Unknown
14 0.14 0.29 0.20 0.21 . '
15 12.95 13.93 13,12 13.17 ‘Methyl propyl trisulphide
16 7.53 3.40 6.30 5.90 Dipropyl trisulphide
17 9.16 3.64 8.63 4.90 Undecanal
18 0.38 0.34 0.37 0.35 Unknown
19 3.10 0.53 2.70 1.58 " '
20 0.34 4.52 0.72 1.14 ’ "
21 1.87 1.77 1.50 1.73 . »
22 33.91 47.12 36.21 42.69 ” .
23 21.01 14.90 19.70 17.22 Methyl taurine.
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decanol, acetaldehyde and propionaldehyde. While other oxygenated
compounds increased such as propyl alcohol, nonanal, octanal and hexyl
alcohol. The adulterated samples obviously contained intermediate
amounts of oxygenated compounds between fresh and aged onion volatile
oils. These results are in partial agreement with those obtained by
Bandyopadhyaya et al. (1970), Brodnitz and Potlock (1970), Boelens

et al. (1971), Nofal (1974) and Mazza et al. (1980).

The total percentage of the identified disulphide compounds in
the onion volatile oil was 1.16%. Whereas, in aged onion volatile
oil was 1.32%. The same data obviously indicate that in most cases
the adulterated samples contained an intermediate percentages of
the above-mentioned compounds according to percentage of aged oil

added to the adulterated samples.

On the other hand, identified trisulphide compounds percentage
in genuine onion volatile oil was 20.97%, whereas, in aged onion volatile
oil their amount was 17.68%, these trisulphi(_ie had a decfeésing pattern
in ‘aged onion volatile oil in compariéon with fresh onion volatile oil.

However, methyl propyl trisulphide slightly increased.

The obtained results are in line with those obtained by Carson

and Wong (1961 B) and Bandyopadhyaya et al. (1970).

Conclusively, the gas chromatography could be used to indicate
the adulteration of fresh onion volatile oil with aged onion volatile

oil.




- 104 -

Iv-1.4.3. G.L.C. of adulterated onion volatile oil with ethyl alcohol:

Gas liquid chromatographic analysis was applied in the present

study on the adulterated samples of onion volatile oil with 10, 20

and 30% ethanol.

Results illustrated in _figures (20, 21 and 22) indicate the analysis
of onion volatile oil adulterated with 10, 20 and 30% ethanol. The
peaks obtained showed that ethyl alcohol could be identified in the
adulterated sample since, its peak located directly after the solvent

peak.

Results tabulated in table (12) show that there was a noticeable

decrease in the concentration of chemical constituents of the studied
oils by increasing the concentration of added ethanol. Also, the results
show that there was an obvious decrease in the percentages of the
oxygenated compounds since, the total percentages of these compounds
in fresh onion volatile oil was 35.17. This value decreased and reached
19.88 - 16.05% by adulterating fresh onion volatile oil with 10 - 30%

ethanol.

Other compounds such as disulphides had a total percentage
of 1.16 for fresh onion volatile oil. This amount decreased to 1.01 -

0.83% when onion volatile oil was aduiterated with 10 - 30% ethanol.

On the other hand, the total percentage of trisulphide compounds
was 20,97 for fresh onion volatile oil and decreased to 14.10 - 9.01%

by adulterating onion volatile oil with 10 - 30% ethanol.
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Table (12}

on volatile oil and adulterated samples with ethanol

Peak Fl:esh Fresh onion oil + ethanol
No. “‘;ﬁ“ 0% 20% 30% Name of compon?nt
1 0.46 0.36 0.34 L.14 Acetaldehyde
2 0.30 0.29 0.27 0.62 propionaldehyde
3 1.46 1.80 1.69 2.17 Propy! alcohol
4 0.50 0.58 trace trace  Octanal
5 0.24 0.22 0.14 0.22 Hexy! alcohol
6 0.60 0.22 0.20 0.21 Nonanal
7 0.23 0.29 0.41 0.21 {-propane thiol. -
0.82 0.72 0.75 0.72 Decansl
9 0.56 0.43 0.68 0.52 Disulphide propane.
10 0.56 0.58 0.61 0.41 Decanol
11 0.4-19 0.36 0.34 0.31 Propane trisulphide
12 0.60 0. 58 0.68 0. 31 Propyl disulphide propane
13 2,98 2.01 217 0.62 Unknown
14 0.14 trace trace trace v
15 12.95 8.42 8.54 4,97 Methyl propyl trisulphide
16 7.53 5.32 6.17 3.73 Dipropyl trisulphide
17 9,16 2.95 3.05 2.07 Undecanal
18 0.38 0.4 020  0.41  Unknown
19 3.10 2.88 3.66 3.11 s 7
20 0.34 0.14 0.54 0.31 iy w
21 1.87 1.87 1.83 1.55 ”» »
22 33.91 33.67 30.58 10.14 o
23 2101 12.16 8.07 8.49 Methy! taurine
- 13.88 29,08 56.94 Ethanol
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IvV-1,5. Determination of glycerol content in onion volatile oil

adulterated with maize oil:

Results shown in table (13) represent the glycerol content of

adulterated onion volatile oil with maize oil.

It is quite clear that glycerol was not detected in the pure sample
of onion volatile oil, since it has no glycerides. Whereas, glycerol
increased proportionally with the increase of added maize oil as
adulterant.  Since, the glycerol measurements incréased to reach
0.9657, 1.9447 and 2.8523 g/100 gm b)f adding maize oil "in different

percentages 10, 20 and 30%, respectively.

Accordingly, the glycerol determination by periodic acid could
be considered as a reliable method for the quantitative determination

of maize oil used as adulterant in the field of essential oils .
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Iv-1.6, Determination of ethyl alcohol in adulterated onion_volatile ojl:

IV-1.6.1. Qualitative determination of ethanol (lodoform test):

crystals could be observed for the pure onion Vvolatile oil, onjon volatile
oif adulterated with aged onion volatile oil, majze oil and paraffin
oil. Whereas, samples adulterated with 10, 20 apd 30% ethy} alcohol

form a flac yellow crystals,

chloride solutions,

IV-1.6.2, Quantitative determination of ethano}:
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since, the ethanol percentages were; 7.442 and 7.613 for onion
volatile oil plus 10% ethanol, 15,152 and 15.217 for onion volatile
oil plus 20% ethanol and 22.048 and 22.423 for onion volatile ojf plus
30% ethanol determined volumetrically and colorimetrically respectively.
On the other hand, pure onijon volatile oil samples did not contain

any ethyl alcohol.
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Iv-1,7. Determination of paraffin _oil content in onion volatile oil

adulterated with paraffin oil:

Determination of paraffin oil in pure onion volatile oil and
adulterated samples with paraffin oil in the concentration 10, 20 and
30% were carried out using the TLC technique described by Dhingar
and Sharma (1978).

As early mentioned the following solvent systems were tried
to obtain a good separation of the adulterated samples of onion volatile

oil with paraffin oil.

- Benzene (79-80.5°C) : ether (34-36°C) Petroleum. ether
(60:80°C) (6. : 1 : 1, wyv),

2- Benzene (79 - 80.5°C) : ethyl acetate (40 - 60°C) : ether
(34 - 36%C) (9:1:1, v

3-  Petroleum ether (60 - 80°C) : ether (34 - 36%C) garlic acetic

acid (90 : 10 : |, v/v), -

This last solvent System proved to be the most suitable, since,
it gave a good separation without any overiapping « It is important
to notice that ali separated compounds in onion volatile oi] appeared
when the iodine vapour used to visualize the Spots, whereas, the paraffin
oil spots only appeared when the reagent 2,7-dichloro flouroscien 0.2%
in 95% ethanol was used to visualize the spots in onion volatile oil
adulterated with paraffin cil. For determinatjon paraffin oil
quantitatively the 3pots were measured colorimetrically at 535 nm.
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Results obtained concerning the determination of paraffin oil
used as an adulterant in different incremenf 10, 20 and 30% by volume
are represented in Fig. (23) and table (15). These results indicate
that the recovery of paraffin oil content in adulterated samples of
onion volatile oil was 80.96% on average, which emphesized the
possibility of using such method to detect the presence of paraffin
oil in the essential oil. However, such ‘method could be considered
a tedious and time consuming procedure to be used as a routine method
to detect this type of adulteration. It is easily to use solubility tests

for paraffin detection and this mentioned method for confirmation.
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Fig. {23): T.L.C. of onion volatile oil adulteraicd with paraffin oil.
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[V-2. Part II. Garlic volatile oil:

The aim of the present investigation is to detect and deter-
mine the adulteration of garlic volatile oil by using different adulte-
rants commonly used in such practices. These adulterants were;
aged garlic volatile oil, maize oil, ethyl alcohol and light paraffin

oil.

v-2.1. Physical and chemical properties of garlic volatile oil, aged garlic

volatile oil and adulterated samples with various adulterants:

Garlic volatile oil, aged garlic volatile oil and adulterated
samples with various adulterants were subjected to the routine
analytical determination which are considered common procedures
for the identification and comparative purpose. These analysis include
the specific gravity, refractive index, specific optical rotation, acid

number and solubility in both ethanol and other some organic solvents.

IV-2.1.1. Physical and chemicai properties of fresh garlic volatile oil:

The results in table (16) show the physico-chemical properties

of garlic volatile oil.

These results are similar to that obtained by Feneralli (1923},

Guenther (1952} and Atallah (1980).

The solubility results in table (17) indicate that garlic volatile

oil was soluble in 5.5 volume and more of ethanol 85%, and was

inscluble in the concentration less than 85°% ethanol. Also, the
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Table (16)

Physical and .chemical properties of fresh and aged garlic volatile oil and

adulterated samples

with various adulterants.

Specific Refractive Optical Acid
Samples .
gravity ~ index rotation number
Q
Fresh garlic volatile oil 1.0770 1.5665 0.0 0.88
[>]

. + 10% aged garlic volatile oil 1.0671 1.5665 0.0 0.89
L +20% . " 1.0642 1.5656 0.0° 1.03
w +30% s m o, ” 1.0577 1.5630 0.0° 1.05
Fresh + 10% maize oil 1.0509 1.5565 0.0° 0.84
' + 20% ” » 100389 | 5478 0.00 0.80
W +30% o ow 1,0226  1.5383 0.0° 077
Fresh + 10% Ethyl alcohol 1.0391 1.5549 0.0° 0.82
.+ 20% o, " 1.0226 1.5502 0.0° 0.78
.  *30% " 0.9884 1.5427 0.0° 0.69
Fresh + 10% Paraffin oil 1.0587 1.5585 0.0° 0.83
» +20% . ”" 1.0479 1.5495 0. 0° 0.73
, +30% ” 1.037 1.5412 0.0° 0.70

Aged garlic volatile oil 1.0350 1.5522 0.0° 1.0833
vaize oil 0.9202 1.4755 0.0° 0.27
Zthyl alcohol 0.7618 1.3645 0.0° 0.13
paraffin oil 0.9698 1.4864 0.0° 0.28
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Table {17)

Solubility in ethanoi of fresh and aged parlic volatile oil and adulterated samples

with various aduiterants.

- —

-

Solubility in cthyl alcohot

oty eV —

Samples
75 Y 85 % 95 % 99 %
e
Fresh garlic volatile oil Turbid ol. in 5.6 vol. sal. in 1 voh col. in 1 vol.
and myore and more and more
Fresh + 10% aged garlic volatile oil ” Sol. in 5.6 vol. v . - "
and more
Fresh « 20% » v " R . Sol. in 6.6 vol. » " " "
and more ” ” ”» »
Fres“ hd 30‘“‘ (13 11) [1) ] » SOI- in 7-1 VO'. (1] (1) (1] "
and more
Fresh + l0% maize oil Turbid  Turbid gol. in 1 vol.  ~ ‘gol. in 1 Vol
and more and more
. + 0% 4 " " Slightly turbid sol. In 1 vol
and more
” * 0% 5w - » Turbid sol. in 1 vol.
and more
iresh + 10% ethyl alcobwl Turbid  Sol. in 5.6 vol. Sol. in 1 vol. Sol. in ! vol.
and more and more and more
" + 20% " " ” ” ” n ” ” "
" * 30% " ” ” ” t 1] " ” - »” "
Frosh + 10% Paraffin oil Turbid Sol. in 6.1 vol. Sol. in 1 vol Sol. in 1 vol.
and rore and .nore and wore
. + ‘.‘:‘.0% Y ” PTy SOL in G.B VO‘ *r " ” ”
. and more
" + 30% " *” " SDL in 6-3 vol. ” » ” (1]
- aml more
Agud porlic volatile il “Turbid sol. in 6.0 vol sol, in 1 vol. sol, in 1 vol
and more and more and mwore
Maize oil ” Turbid Turbid ‘Turbid
Ethyl oleuitol soluble  soluble soluble suluble

Paraifin oil Turbid ‘Turbid Turbid Soluble
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solubility results indicate that garlic volatile oil is completely soluble
in carbon tetrachloride , diethyl ether, n-hexane, benzene and

chloroform.

IV-2.1.2. Physical and chemical properties of aged garlic volatile oil and

adulterated samples with aged garlic volatile oil:

The aged garlic volatile oil representé one of the most important
aduiterants. The addition of quantities of such oil could easily pass
the simple routine analysis usuaily employed. The choice of aged
garlic volatile oil was based on the fact that it is available in cheap

price.

The changes in physico-chemical properties of garlic volatile
oil adulterated with different concentrations of aged garlic volatile
oil are shown in table (16). Results obtained reveal that adding
increment amount of aged garlic volatile oii to fresh garlic volatile
oil decreased the specific gravity from 1.0770 to 1.0671, 10642 and
1.0577 for garlic volatile oil plus aged garlic volatile oil at the

concentrations of 10, 20 and 30% by volume,respectively.

The refractive indeces of both fresh garlic volatile oil and
aged garlic volatile oil were 1.5665 and 1.5522,respectively. From
these results it could be observed that the addition of aged garlic
volatile oil caused a slight gradual decrease in the refractive index
of the garlic volatile oils. Such decrease was directly proportional

to the concentration of the added aged garlic volatile oil. The gzarlic
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volatile oil adulterated with 30% aged garlic volatile oil gave lower
refractive index (1.5630) when compared with fresh garlic volatile

oil sample (1.5665).

The obtained results pertaining adulteration with aged garlic
volatile oil could nmot be taken as a mean for the detection of
adulteration since, results fall within the range of specific gravity

and refractive index for fresh garlic volatile oil.

On the other hand, the optical rotation of both fresh and
aged garlic volatile oil were (0.0). It is logical that, fresh garlic
volatile oil adulterated with aged garlic volatile oil at the concent-

rations of 10, 20 and 30% had the same above mentioned value.

The acid number of fresh garlic volatile oil gradually increased
with the addition of increment percentages of aged garlic volatile
oil. This may be attributed to the high acidity of the .aged' garlic
volatile oil due to its oxidation during storage for long time at
ambient temperature. The acid number increased from 0.88 for
fresh garlic volatile oil to 0.89, 1.03 and 1.05 for fresh garlic volatile

oil adulterated with 10, 20 and 30% of aged garlic oil respectively.

It could be concluded that the acid number could be used
to detect the adulteration of garlic volatile oil with aged garlic

volatile oil.

The solubility of garlic volatile oil in ethyl alcohol decreased

after adulteration with various concentrations of aged garlic volatile
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The obtained results revea!l that adding increment amounts
of maize oil decreased the specific gravity of garlic volatile oil
adulterated with maize oil, since, the specific gravity of maize oil
(0.9202) was lower than that of pure garlic volatile oil (1.0770).
The specific gravity decreased from 1.0770 for pure garlic volatile
oil to 1.0226 for garlic volatile oil admixed with 30 percent of maize

oil.

The results obtained indicate that specific gravity could not
be used as a reliable parameter for the detection of maize oil at
this concentration since, the specific gravity of adulterated garlic
volatile oil using this concentration of maize oil was in agreement
with that reported by Guenther (1952) and Atallah (1980). On the
other hand, increasing the percent of added maize oil to 20 and 30%
the specific gravity of the mixture became less than the specified

range i.e. 1.0389 and 1.0226, respectively.

Whereas, the refractive indeces of fresh garlic volatile oil
and maize oil were 1.5665 and 1.4755, respectively. Admixed garlic
oil with various concentrations of maize oil caused a gradual decrease
in the refractive index of garlic volatile oil, which was in proportion
to the added percent of maize oil. The gzarlic oil adulterated with

30% maize oil had the lowest refractive index (1.5383).

The optical rotation of the adulterated garlic volatile oil was
not influenced by the adulteration practices, since the compounds

of maize oil have not any asymmetrical carbon atoms.
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Results of the acid number of adulterated garlic volatile oil
with maize oil at different concentrations show obvious decreases
in comparison with the elutriated oil Since, the acid number
decreased from 0.88 for fresh garlic oil to 0.84, 0.80 and 0.77 for
garlic volatile oil adulterated with 10, 20 and 30% maize oil,respec-
tively. These results could be attributed to the addition of maize

oil which had low acidity to pure garlic volatile oil.

The results of solubility cited in table {17) show that the pure
garlic volatile oil was soluble in 5.6 volume and more of 85% ethanol,
whereas pure maize oil was turbid even with high conc'entrati)oﬁ i.e.
99% alcohol. But after mixing the garlic volatile oil with 10% maize
oil the mixture became soluble in 1 volume and more of 95% alcohol
while turbid in 85%. Garlic volatile oil plus 20% maize oil turned
soluble in 1 vol. and more of 99% alcohol, but bécame slightly
turbid using 95% alcohol. Whereas, mixing the pure garlic volatile
oil with 30% maize oil was soluble only in 1 vol. and more of 99%
alcohol. Conclusively, it is clear that the solubility graduaily

decreased with the increasing quantities of maize oil as adulterant.

On the other hand, all samples adulterated with different
concentration of maize oil were completely soluble in diethyl ether,

carbon tetrachloride , n-hexane, benzene and chloroform.

IV-2.1.4. The physical and chenical properties of aduiterated garlic voltile

oil with ethyl alcohol:

-

Ethyl alcohol is considered as one of the inost alcohols usually
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used in the adulteration of essential oil.

In the present study, garlic volatile oil was mixed with
increment proportion of absolute ethyl alcohol in the concentration

of 10, 20 and 30% by volume.

The changes in physico-chemical properties of garlic volatile
oil adulterated with 10, 20 and 30% ethanol are shown in table (16).
These results indicate that adding increment proportions of ethyl
alcohol caused a gradual decrease in the specific gravity values of
garlic volatile oil adulterated with ethyl alcohol, since, the specific
gravity of ethyl alcohol {0.7618} was lower than that of garlic volatile
oil (1.0770). Consequently, the specific gravity decreased from 1.0770
for pure garlic volatile oil to 1.0391, 1.0226 and 0.9884 for garlic

volatile oil admixed with 10, 20 and 30% ethyl alcohol.

It is important to note that specific gravity can be easily
used as a reliable parameter for the detection of adulteration with
ethyl alcohol, since the specific gravity decrements were less than
the normal range of specific gravity for garlic wvolatile oil (1.046

to 1.2741) mentioned by Guenther (1952) and Atallah (1980).

The refractive indeces of fresh garlic volatile oil and ethyl
alcohol were 1.5665 and 1.3645 , respectively. Adulterated garlic
volatile oil with increment proportion of ethyl alcohol caused a
gradual decrease in values of refractive index of the samples of

zarlic volatile oil adulterated with ethyl alcohol, since, it became
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1.5549, 1.5502 and 1.5427 for garlic volatile oil plus 10, 20 and 30%
ethyl aicohol. These results are in agreement with the results

obtained by El-Masry (1978 and 1985).

On the other hand, the optical rotation of the adulterated
garlic volatile oil was not influenced by the adulteration practices.

Since, these compounds - are optically inactive.

Meanwhile, the acid number of adulterated garlic volatile oil
with ethyl alcohol at the concentration of 10, 20 and 30% showed
a gradual decrease when compared with the elutriated oil. Since
the acid number decreased from 0.88 for pure gariic volatile oil
to 0.82, 0.78 and 0.69 for garlic volatile oil adulterated with 10,
20 and 30% of ethyl alcohol, respectively. This could be ascribed
to the low acidity of ethyl alcohol (0.13), accordingly the addition
of ethyl alcohol caused the decrement of acidity of garlic volatile

oil.

The solubility test was undertaken using different concentra-
tions of ethyl alcohol Viz; 99, 95, 85 and 75%. The solubility of
garlic volatile oil adulterated with ethyl alcohol did not change,
since the solubility behaviour of garlic volatile ocil and adulterated
with ethyl alcohol at concentration 10, 20 and 30% were the same,
Where samples of both pure garlic volatile oil and garlic volatile
oil aduiterated with the different concentration of ethyl alcohol were
soluble in 1 volume and more of 95% and 9S% alcohol, but soluble

only in 5.8 volume and more of 85% alcohol.
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On the other hand, garlic volatile oil samples adulterated with
ethyl alcoho! at different concentrations were completely soluble
in diethyl ether, carbon tetrachloride , n-hexane, benzene and

chioroform.

IV-2.1.5. The physicél and chemical properties of adulterated garlic volatile

oil with paraffin oil:

Paraffin oil commonly used as adulterant for essential oils
as it was mentioned before. In the present study garlic volatile
oil was mixed with paraffin oil at 10, 20 and 30% by volume. Trials

to determine the paraffin oil were made.

Results in table (16) represent changes in physico-chemical

properties of garlic volatile oil adulterated with paraffin oil.

These results indicate that the increment of light paraffin
oii used as adulterant in garlic volatile oii at 10, 20 and 30% by
volume caused a proportional decrements in the specific gravity,
since the specific gravity of light paraffin oil (0.9698) is lower than
the specific gravity of pure garlic volatiie oil (1.0770). It is quite
clear that the addition of light paraffin oil at concentrations 10,
20 and 30% to pure garlic volatile oil caused a drop in its specific

gravity from 1.0770 to 1.0587, 1.0479 and 1.0375, respectively.

On the other hand, the refractive index of pure garlic volatile

oil and light paraffin oil were 1.5665 and 1.486G4, respectively. The
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admixtion of light paraffin oil with pure garlic volatile oil in
increment proportion caused an abvious decrease, since,the refractive
indeces of the admixed garlic volatile oil with paraffin oil were;

1.5585, 1.5495 and 1.5412 for 10, 20 and 30% paraffin oil, respectively.

The optical rotation resuits revealed that no optical rotation
for both pure garlic volatile oil and paraffin oil. Consequently, the
addition of different concentration of paraffin oil did not cause any
change for its optical activity. Accordingly, the optical rotation
could not be considered as a parameter to detect the adl_._:ltgration

of garlic volatile oil with light paraffin oil.

The acid number of pure garlic volatile oil was 0.838 whereas,
that of paraffin oil was (.28, Accordingly, the expected acid
number of adulterated garlic volatile oil is irreversaily proportional
to the percentage of added paraffin oil. Results obtained in table
{16) showed the same above mentioned trend, since, the écid number
were, 0,83, 0,73 and 0.70 for adulterated pure garlic volatile oil..with

10, 20 and 30% paraffin oil, respectively.

The solubility of pure garlic volatile oil adulterated with light
paraffin oil was determined using different concentration of ethanol
at 75, 85, 95 and 99% and the results are shown in table (17). These
results indicate that pure garlic volatile oil insoluble in 75% alcohol,

whereas, it started to be soluble in 85% alcohol using 5.6 volume

and more and in 95% alcohol using 1 volume and inore. A\ieanwhile
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the paraffin oil is insoluble in all used concentration except
that of 99% alcohol, since, it turned soluble in | volume and more,
The admixed samples of pure garlic volatile oil and light paraffin
oil started to be soluble in 6.1 volume and more, 6.6 volume and
more and 6.8 volume and more of 85% ethyl alcohol, for garlic
volatile oil plus 10, 20 and 30% paraffin oil, respectively. These
results clearly indicate that addition of paraffin oil to garlic volatile
oil decreased the degree of solubility. Meanwhile, all adulterated

samples were soluble in 95% and 99% alcohol in 1 volume and more.

On the other hand, all samples completel} soluble in diethyl

ether, n-hexane, benzene, carbon tetra chloride and chioroform.

These results obtained concerning the physico-chemical
properties of garlic volatile oil adulterated with various aduiterants
are in agreement with the results obtained by Osman et al. (1974)
on geranium oil, Ei-Masry (1978) on geranium oil' and peppermint
oil, Oda (1982) on geranium oil and Cumin oil and El-Masry (1985)

on marjoram oil, petitgrain bigrade oil and Fennel oil.
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Iv-2.2. UV Spectra of garlic volatile oil, aged garlic volatile

oil and adulterated samples with various adulterants:

IV-2.2.1. UV spectrum of fresh garlic volatile oil:

The ultra - violet absorption spectrumof fresh garlic volatile
oil from fresh garlic cloves showed a maximum absorption at 278
nm (Fig. 24). This could be due to the presence of same chromo-
phoric groups in the volatile oil molecules espécially, unsaturated

bonds in these compounds (Bauman, 1963 and Rao, 1967).

1V-2.2.2. UV spectra of aged garlic volatile oil and adulterated

samples with aged garlic volatile oil:

The results obtained concerning the UV absorption of aged
garlic volatile oil and adulterated samples with aged garlic oil in
increasing amounts namely 10, 20 and 30% Figs. (25 and 26) indicate
that upon usiﬁg the same concentration a proportional different

absorption rates were observed.

The absorption intensity decreased with increasing the concent-
ration of the added aged garlic oil, since the absorption intensities
were 1.83, 1.78 and 1.73 for adulterated garlic volatile oil with aged

garlic oil in the concentration of 10, 20 and 30% respectively.

1IV-2.2.3. UV spectrum of adulterated agrlic volatile oil with maize oil:

The results obtained concerning with the U V absorption of

different samples of garlic oil adulterated with different concentrations
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Fig. (25): UV absorption for aged garlic volatile oil
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of maize oil in increment i.e. 10, 20 and 30% , reveal that different
proportional absorption intensities were obtained for the different
adulterated samples as shown in Fig. (27). The absorption intensity
at 278 am, which is considered the maxium absorption, decreased
with increasing the concentration of the maize oil percent. The
absorption intensities were 1.62, 1.50 and 1.34 for adulterated garlic

volatile oil with maize oil at 10, 20 and 30% , respectively.

Accordingly, this test could be used as a rapid qualitative test
to indicate the adulteration practice of garlic volatile oil with maize

oil.

IV-2.2.4. UV spectrum of aduiterated garlic volatile oil with ethyl

Alcohol:

UV spectrum of garlic volatile oil samples adulterated with
different concentrations of ethyl alcohol in viz, 10, 20 and -30% are
shown in Fig. (28). It could be observed that upon using the same
concentration different absorption intensities were obtained for the
different adulterated samples, but the maximum absorption was the
same in all samples at 278 nm. The absorption rate decreased with
increasing the concentration of ethyl aicohol. However, the rate
of decreasing was not proportionaly related to the amount of ethyl

alcohol added.
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Fig. (27): UV absorption for garlic volatile oil adulterated with
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1v-2.2.5. UV specterunl of adulterated garlic volatile _oil with

paraf fin oil:

Results obtained concerning the UV. absorption of garlic volatile
oil samples adulterated with paraffin oil in increment concentration
at 10, 20 and 30%, reveal that upon using the same concentration
a proportional different absorption rates were obtained according
to the percentages of paraffin oil in the different adulterated samples
Fig. (29) The absorption raté decreased with increasing the concent-
rations of the added paraffin oil. Since, the absorption rates were
1.82, 1.69 and 1.52 for adulterated garlic volatile‘ oilr'with paraffin

oil at 10, 20 and 30%,respectively._

Accordingly, this test could be considered as 2 reliable
qualitative test to indicate the adulteration of gaﬂic volatile oil
with aged garlic volatile oil, maize oil, ethyl alcohol and paraffin

oil.
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Fig. (29): UV absorption for garlic volatile oil adulterated with

paraffin oil.
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[V-2.3. 1R spectra of garlic volatile oil, aged garlic volatile oil

and adulterated samples with various adulterants :

1v-2.3.1. 1R spectrum of fresh garlic volatile oil:

IR spectrum of fresh garlic volatile oil shown in table (18}
and Fig. (30), which represents a series of absorption bands which
take place: at 650 (.‘.m_l indicates the probable presence of (C-S)
accodring to Finar (1973), at 720 cm! refers to ~(CH,) - in which
n >4 as it was reported by Goergy (1978), at 825 Cm! assigns
to epoxide compound, as it was mentioned by Sen Gupta (1946), at 920
and 950 Cm'1 indicate the presence of :c=c: trans double bond
Gore (1972), at 987 Cm’! _refers to propenyl sulphide as it was

mentioned by Nofal (1974) at 1075 Cm™!

indicates the presence
of C-0 stretching characteristic of primary alcohol as it was mentioned
by Finar (1973), at 1218 cm™! may be assigned to C-C stretch, as
it was mentioned by Gore (1972), at 1258 Cm'1 indicates the probable
presence of =C-O-C= antisymstretching (Gore 1972), aﬁd at 1290 Cm-l

refers to propyl sulphide (Goergy 1978). Whereas, at 1305 and 1320 Cm-!

indicate the presence of the sulphone group (";502) as mentioned
by Bellamy (1962), Nakanishi (1964} and Bhati (1968). While at 1395
and 1420 Cm'l refer to the presence of (-CH=CHJas mentioned by
Nakanishi (1964) whereas, at 1555 and 1609 Crn-l indicates the probable
presence of (C=0 stretching) in esters, carboxylate onion stretching
as suggested by Pecsok and Shields (1968} Also, the absorption
band at wave number 1630 Cm'I refers to Alkenes C=C nonconju

gated (Silverstein and Bassler 1967). Furthermore, the absorption
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Table (18}

IR spectra of fresh garlic volatile oil

Band at wa\;e numlxer Bond or group
el
650 w C-5
© 720 $ «(CHy) - n > 4
752 n -{CH,), - rock {smaller )
325 sho Epoxide compound
857 n C-C stretch
920 s :C-C: trons double bond
950 w :C-C: trans double bond
9us7 s Propeny} sulphide
1075 m C-0 of prirmary alcoliol
1197 sho C-0 stretch
1218 5 C-C stretch
1253 w =C-0-C= antisym. stretching.
1290 m Propy! sulphide
1305 m Sulphone group SO,
1395 s (-CH-CHZ)
1420 s (-CH:-CHzl
1555 w Ca0 stretching (esters)
1609  sho C=0 curboxylate anion strctching.
1630 s Alkenes C=C nonconjugated.
1700 w C=0 carbonyl group (ester)
1842 ™ C=0 stretching
1963 w
2915 5 Alkane CH3-CH2-
2950 s Methyl and metheiene Kroup.
3010 s C-H stretching alkcne mono substituted

3080 s C-H stretching alkene  Hono substitutucl
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band at 1700 crf! refers to carbonyl groups {ester ) as reported
by Bellamy (1962), Rao (1963) and Bhati (1968). Also, the absorption
band at 1842 Cm'1 refers to (C=0 stretching) anhydrides as mentioned
by Pecsok and Shieldst1968), while at 2718 Cm"l indicates the presence
of (C-H stretching) as mentioned by Gore {1972). Also, at 2850
and 2915 Crn'l refers to presence aikane (CH3—CH2—) {Gore, 1972).
Whereas, at' 2950 (‘;m'l refers to methyl and methelene group (Goergy
1978), while at 3040 and 3080 CZ'm"1 refer to C-H stretching {(alkene)

mono substituted as mentioned by Pecsok and Shi_elds(lQBS).

From the results shown in table {18) the I R spectroscopy can
be used as a qualitative analysis of the garlic volatile oil. The whole
spectrum from 3080 Gn~! to 650 (:m"l could be empirically used
as a fingerprint oOf the molecules mainly found in garlic volatile

oil.

Iv-2.3.2. 1R spectra of aged garlic volatile oil and adulterated

samples with aged garlic oil:

The obtained data in figs (31 and 32) and table (19) showed
that no new bands were detected in ! R spectra as a result of adding

aged garlic oil to fresh garlic oil

There are insignificant changes in intensities of absorption

bands when the aged garlic oil was added to fresh garlic oil.
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Table (19)

I.i spuctra of ased gerlic volatile ail and adulterated garlic volatile oil

with aged garlic volatile oil.

___-_______———-—-______————

Agdd gorlic Garlic oil Garlic oil Garlic oil
* +* * Bond or group

volhitile oil 1% aed oil 20% aged oil 30% agud oil

132 s 725 s 15 s 125 s < (CHgly = © 2 4

7h5 Hi T35 W 755 v 755 w - (Cl-lz) n rock {smaller o}
oo sho g30 sho 330 sho 830 sho E poxide compound

360 s 8360 s 860 s 860 s Cc-C stretch

20 s w8 920 s 920 s ';c-c': trans double bond
155 sho 955 V¥ 985w o5s w  _CeCtrans double bond
090 5 939 s 939 s 989 s Propenyl sulphide
75 1 1075 w 1075 w 1075 w C-0 of primary alcohol
{200 sho 1200 sho 1200 sho 1200 sho Cc-0 stretch

220 s 1220 s 1220 s 1220 s C-C stretch
j258  sho 1255  sho 1255 sho 1255 sho =C-0-C = antisym stretchiny
1295 w 1290 sho 1290 sho 1290 sho Propyl sulphide
1305 sho 1208 s 1308 s 1308 s Sulphione  group ‘;so2
1400 s 1400 ni 1400 mn 1400 m (-CH=CH,)
1424 s 1425 5 1425 s 1425 s (-CH = CH 2}

1562 w 1560 w 1560 w 1560 w Cs0 stretching in esters
1605 W los  sho 1;08 sho 1606 sho Ca=0 carboxylate anion strecching
1635 s 1635 s 1635 s 1635 s Alkenes C=C nonconjuguted
1700 w 1700 w 1700 w 1700 w Carbonyl group {esters)

1840 W 1340 r 1840 m 1840 m C=b stretching

1968 w 1970 w 1970 w 1970 w

2913 s 2920 5 2920 s 2920 s CHS'CHT Alkane

2980 § 2990 5 2990 3 2990 s Methyl and methelenc group
3020 5 3018 W] 3018 m 3018 m C-H strexching alkens momsubltltuted

3050 5 3090 s C-H strewching alkene munmmbﬁtitutetl
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v-2.3.3. 1R _spectra of adulterated garlic volatile oil with maize oil

The adulteration of garlic volatile oil with different concent-
rations of maize oil can be detected from the spectra obtained after

adding maize oil to garlic oil, (fig. 33 and table 20)

In comparison of 1R spectrum of garlic oil, and thelR. spectra
of garlic and maize oils mixtures, it can be deduced that four new
absorption bands appeared in the last spectrunt. The new absorption
bands appeared are at 1090 c:m'l (C-0O in primary alcohol); 1460 crn-1
(OH bending in carboxylic acids), 1740 Cm'1 (C=O stretching in
aliphatic esters and 3455 cm-! (bonded OH). By the way, thesefour
absorption bands are distinguished for maize oil but do not exist
in IR spectrum of garlic oil. Therefore, it can be consideres as
an indicator to detect the adulteration of garlic volatile oil with
maize oil. The increase in intensity absorption bands is corresponding

to the percentage of maize oil added to garlic oil.

v-2.3.4. IR _ spectra of adulterated garlic volatile oil with ethyl

alcohol:

As it is shown from fig. (34) and table (21), no new bands
appeared as a result of adding ethanol to garlic volatile oil. The
intensities of absorption bands increased by increasing the amounts

of ethanol added to garlic volatile oil.
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Iv-2.3.5. 1R spectra of adulterated garlic volatile oil with paraffin oil

New bands appeared in IR spectra of garlic and paraffin oils
mixtures, in comparison with 7 R spectrum of garlic oil, fig (35) and
table {22). The new bands appeared at 700, 1120, 1460 and 1725

C rn-1 which refer to alkens C-0Q in primary alcohols, OH bending

in carboxylic acids and C=0 stretching in aliphatic esters ,respectively.

The previous absorption bands are distinguished to paraffin
oil, and therefore it can be used IR technique to detect the aduite-

ration of garlic volatile oil with paraffin oil.
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wv-2.4. G.L.C. of garlic volatile oil, aged garlic volatile oil and

adulterated samples with aged garlic volatile oil:

V- 2.4.1. G.L.C. of fresh garlic volatile oil:

Gas liquid chromatography was accomplished for the separation
of the components of garlic volatile oil which are responsible for

the aroma and flavour of essential oils.

The garlic volatile oil sample was analyzed using gas liquid chro;—
matography under the conditions previously mentioned in ‘the methods
section. The gas chromatogram of garlic volatile oil is shown in
Fig (36). The identified compounds of this oil are listed in table
{(23). Results in this table indicated that the total peaks numbers
of the fresh garlic volatile oil were 25. Thirteen volatile compounds
were identified, while, twelve compounds were still” unknown with

concentrations ranged from 0.13 to 15.07%.

The identified flavour components of gartic volatile oil could
be classified into five categories namely; monosulphides, disulphides,

trisutphides, thiophene compounds and thiosulphonate compounds.

The monosuiphide compound namely; diallyl sulphide represented
the fourth peak of the chromatogram of the garlic volatile oil and

its percentage was 0.37%.

The identified disulphide compounds in fresh garlic volatile

oil were; methyl allyl disulphide and diailyl disulphide, their
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Table (23)

G.L.C. of fresh garlic volatile oil

Peak No. Percentage Name of component
1 0.13 Methyl propyl trisulphide
2 3.03 Dipropyl trisulphide
3 18.61 2-propenyl-2-propane thiosulphonate
4 0.37 Dially! sulphide
5 0.13 Methyl allyl disulphide
6 0.34 Diallyl disulphide
7 0.15 Unknown
8 1.18 »

9 0.34 ’

10 12.18 Diallyl trisulphide
11 0.13 Unknown

12 1.06 ”

13 0.30 Thiophene

14 0.17 Unknown

15 0.07 Methyl thiophene
16 19.10 Dimethyt thiophene
17 0.20 Trimethyl thiophene
18 0.13 Unknown

19 15.07 »

20 0.30 »

21 0.17 Allyt thiophene

22 1.38 Unknown

23 1.01 »

24 0.40 »

25 24,05 Diallyl thiophene
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percentages were 0.13 and 0.03%,respectively. The total percentages

of these compounds was 0.16%.

Whereas, the identified trisulphides were; methyl propyl
trisulphide, dipropyl trisulphide and diallyl trisulphide, their amounts
were 0.13, 3.03 and 12.18%  respectively, and hence, the total

percentages of them was 15.34%.

On the other hand, the identified thiophene compounds namely;
thiophene, methyl thiophene, dimethyl thiophene, trimethyl thiophene,
allyl thiophene and dially! thiophene apd their total percentage was

43.89%

The amount of identified thiosulphonate compound, 2-propenyi-

2-propane thiosulphonate was 18.61%.

V-2.4.2. G.L.C. of aged garlic volatile oil and adulterated

samples with aged garlic volatile oil:

G.L.C. analysis was used to separate the volatile components
of adulterated garlic volatile oil using aged garlic volatile oil with

ratios 10 and 20% by volume.

The gas chromatogram of fresh garlic volatile oil was illustrated
in Fig. (36). ‘Whereas, the identified compounds of these oils are

listed in table (24) and illustrated in Fi3s (37, 33 and 39)
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Table (24)
G.L.C. for fresh garlic volatile oil and adulterated garkic volatile oil

with aged garlic volatile oil

Peak Fresi arlic Aged gartic  Fresh garlic Fresh gzarlic
oil + 10% oil + 20% NWame of component

No volatile oil volatile oil aged garlic oil aged garlic oil

1 0.3 0.08 0.10 0.08 Methyl propyl trisulphide

2 3.03 0.08 0.08 0.1¢ Dipropyl trisulphide

3 18,61 15,75 18.27 17.99 2-propenyl-2-propanc thiosulphonate

4 0.37 0.35 0.45 0.55 Diallyl sulphbide

5 0.13 0.37 0.31 0.35 Methyl aliyl disulphide

6 0.34 0.03 0.16 0.10 Diallyl disulphide

7 0.15 0.03 0.15 0.02 Unknown

8 .18 0.31 0.42 0.40 "

9 0,34 0.24 0,30 0.29 »

10 12.18 6.43 9.87 7.36 Diallyl trisulphide

11 0.13 0.08 0.12 0.10 Unknown |

12 1.06 0.73 1.02 1.00 »”

13 0.30 0.31 0.30 0,30 Thiophene

14 .17 - 0.02 0.12 0.08 Unknown

15 0.07 0.21 0.13 0.15 Methyl thiophenc

16 19.10 55,10 30.61 36.60 Dimethy! thiophene

17 0.20 018 0.16 0.19 Trimethyl thivphene

18 0.13 - 0.18 0.18 Q.18 Unknown

19 15.07 4,41 11,54 9.33 ”

20 0.30 0.02 0.1 0.15 "

21 0.17 0.42 0.30 0.40 Ally!l thiophene

22 1.38 0.31 0.63 0.30 Unknown

23 1.01 0.02 0,20 0.18 "

24 0,40 ‘ 0.71 0.40 0.61 "

25 24,05 10.45 24.00 2319 Diallyl thiophene
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Results indicate that the total peaks for each sample of the
fresh garlic volatile oil, aged garlic volatile oil and adulterated
samples with 10 and 20% aged garlic volatile oil were 25, from which
13 peaks were identified, while the others were unknown with
concentrations ranged from 0.02 to 4,41, 0.12 to 11.54 and 0.02 to
9.33% for aged garlic volatile oil and garlic volatile oil adulterated

with 10 and 20% aged garlic volatile oil,respectively.

The identified  monosulphide compound was diallyl sulphide
and its percentage Wwas 0.37, 0.55, 0.45 and 0.55 for fresh garlic
volatile oil, aged garlic volatile oil and adulterated garlic volatile
oil with 10 and 20% ,respectively. These percentages indicated that
monosulphide compound increased upon Storage. The adulterated
samples contained intermediate amounts of  monosulphide more

than that of fresh and less than that of aged garlic volatile oil.

The identified disulphide compounds in all samples of garlic
volatile oil were 0.47, 0.40, 0.47 and 0.45% for fresh garlic volatile
oil, aged garlic volatile oil and adulterated garlic volatile oil with
10 and 20% aged garlic volatile oil, respectively. These results reveal
that the identified disulphide compdunds slightly decreased as affected
by storage. ‘Jhereas, the adulterated samples contained intermediate
amounts of disulphide cbmpounds bhetween fresh and aged garlic

volatile oil.

The identified trisulphide compounds were 15.34, 6.59, 10.05

and 7.54% for fresh garlic volatile oil, aged garlic volatile oil and
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adulterated garlic volatile oil with 10 and 20% aged garlic volatile
Oil,respectively.. These percentages indicated that the trisulphide
compounds decreased in the garlic volatile oil influenced by storage.
Whereas, the adulterated samples of garlic volatile oil obviously

contained intermediate amounts of trisuhphide compounds.

The decreasing of the trisulphide compounds Wwas clearly
accompanished with an increasing in both di and monosulphide
compounds. This may be attributed to the cleavage of sulphur bond

during storage.

On the other hand, the total percentages of identified thiophene

compounds were; 43.89, 69.67, 55.52 and 60.83% for fresh garlic

volatile otl, agedr garlic volatile oil and adulterated garlic volatile
oil with 10 and 20% aged garlic ‘volatile oil, respectively. The
percentages of thiophene compounds “indicated that the thiophene
compounds obviously increased upon Storage. The adulterated samples
contained intermediate amount of thiophene compounds between fresh

and aged garlic volatile oil.

The percentages of identified  thiosulphonate compound
2-propenyl-2-propane thiosulphonate were; 18.61, 15.75, 18.27 and
17.99 for fresh garlic volatile oil, aged garlic volatile oil and adulte-
rated garlic volatile oil with 10 and 20% aged garlic volatile oil . From
these percentages it could be observed that the thiosulphonate com-
pounds decreased as influenced by storage of garlic volatile oil. The
amounts of thiosulphonate compound in the adulterated sample

decreased and it is due to the addition of aged garlic volatile oil

to fresh garlic volatile oil.
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IvV-2.5. Determination of glycerol content _in garlic _volatile oil

adulterated with maize oil:

Results presented in table (25) represent the glycerol determina-
tion by periodic acid oxidation in the adulterated garlic volatile oil
with maize oil. As it was expected glycerol could not be detected
in the pure sample of garlic volatile oil. Whereas, glycerol increased
proportionally with the increasing of maize oil used as adulterant.
The glycerol measurements increased to reach | 0.9583, 1.9501 and
2.8601 gm/100 gm of adulterated garlic volatile oil with - maize oil

at 10, 20 and 30%, respectively.

Accordingly, the glycerol determinationr by periodic acid could
be considered as a reliable quantitative test for the detection of
maize oil used as adulterant for garlic volatile oil. These results
are in line with results obtained by El-Masry (1978 and 1985), who
detected the adulteration of geranium oil, peppermint oil, marjoram
oil, petitgrain bigrade oil and fennel oil with cotton seed oil by

determining the glycerol content.
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IV-2.6. Determination of ethyl glcohol in adulterated garlic volatile

oil:

Iv-2.6.1. Qualitative determination of ethanol (Iodoform test):

The iodoform test is possitive with any compound containing

the group (CH3-CO—), Subsequently the iodofom test is expected

to be possitive with ethano! and forming flat yellow crystals of iodoform.

Results obtained concerning the jodoform test revealed that
no crystals were formed for the pure garlic volatile oil, garlic volatile
oil aduiterated with aged garlic volatile oil, garlic volatile oil adulte-
rated with maize oil and garlic volatile oil samplés adulterated with
paraffin oil. Whereas, flat yellow crystals immediately observed
at rocm tempefature in samples of garlic volatile oil adulterated
with 10, 20 and 30% ethyl alcohol. Accordingly, the iodoform test
can be considered a qualitative methdd to detect adulteration of
essential oil with ethyl alcohol, especially when applied to the w;ter
layer resulted after washing the adulterated samples with water and

saturated sodium chloride solution.

Iv-2.5.2. Quantitative determination of ethancl:

Results in table (26) represent the ethanol content in the

adulterated garlic volatile oil samples with ethyl alcohol at different
concentrations 10, 20 and 30¢% by two different methods. The data
obtained revealed that the volumetric method was less sensetive

when compared with the colori:netric method, since the recovery
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percent Qn average for the volumetric method was 97.47%, whereas,
it was 99.06% for the colorimetric method. Ethyl alcohol content
increased proportionally upon increasing this percent in the adulterated
samples. Where, the ethanol percentages were 7.389 and 7.5046
for garlic volatile oil plus 10% ethanol, 15.095 and 15.1422 for garlic
volatile oil plus 20% ethanol and 22.017 and 22.686 for gariic volatile

oil plus 30% ethanol determined by volumetric and colorimetric

methods, respsctively.

Conclusively both methods could be considered as reliable
methods for determining ethanol in adulterated garlic volatile oil

samples.
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V-2.7. Determination of paraffin_oil content in garlic volatile ail

adulterated with paraffin oil:

The quantitative determination of paraffin oil in garlic volatile
oil and adulterated samples with paraffin oil were carried out using

the TLC technique mentioned by Dhingar and Sharma (1978).

The following solvent systems were tried to obtain a good
separation of the adulterated samples of garlic volatile oil with
paraffin oil. , A
(1) Benzene (79-80.5°C} : ether (34—36°C}: petroleum ether

(60-30°C) (6:1:1, v/v).

(2) Benzene (79-80.5°C): ethyl acetate (40-60°C): ether (34-36°C)
{9:1:1, v/v).

(3) Petroleum ether (60-800(3): ether (34—36°C): glacial acetic acid

(90:10:1, v/v).

The last solvent system proved to be the most suitable, since,

it gave a good separation without any over lapping.

It is important to notice that all separated compounds in gariic
volatile oil appeared when the jodine vapor used to visualize the
spots, whereas, the paraffin oil spots only appeared when the reagent
2,7-dichloroflouroscien 0.2, in 95% ethanol was used to visualize
the spots in garlic volatile oil adulterated with paraffin oil. For
the determination of paraffin oil quantitatively the spots were

measured colorimstrically at 535 nm.
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Results obtained concerning the determination of paraffin oil
used as an adulterant in garlic volatile oil at the concentration 10,

20 and 30% are shown in table (27) and Fig. (40).

Results indicate that the parz.fin oil content increased
proportionally with increasing the percent of paraffin oil in garlic

volatile oil at 10, 20 and 30%.

On the other hand, the recovery percent of paraffin oil mixed
with garlic volatile oil was 81.06 on average which emphasize the
possibility of using such method to detect the presence of paraffin

oil in garlic volatile oil.
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10% paraffin oil
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20% paraffin oil
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30% paraffin oil

Pure paraffin oil

Fiz. {40):

paraffin oil,

T.L.C. of garlic volatile oil adulterated with




