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IV, RESULTS AND DISCUSSION

Studies on evaluation and utilization of by—
~products of some citrus fruits; Baladi orange, bitter
orange, grapefruit and mandarin, processed commercially

in Egypt are presented in this section.

An outline of different operations and products
obtained from by-products of tha investigated citrus fruits

are presented in a skematic prasesntation shown in Fig 2.

Data obtained throuzhout ths courseof the present
iovestigation are pressnted and discussed under five sub-

headings, as follows:-

Part I : By-products obtained from differsnt citrus fruits.
Part I1 : Characterization of citrus peel oils.

Part III: Characterization of citrus pectin pomace.

Part IV.: Characterization of citrus seed oils.

Part V : Characterization of citrus seed m=al.
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Part T : By-products obtained from_different citrug fruits:

Estimation of edible and residual part from fruits
of Baladi orange, bitter orange, grapefruit and mandarin
were undertaken in the laboratory on many batchsof these
fruit, as much as ten or even more,within the mid of their

Processing season in Ezypt.

Zstimation of amount of sxtracted juice and by-

.

products of pressing the same weight of fresh citrus

fruits indicated that they differed among themselves in

o]
amount of juice axtracted, and also in amount/iotal Te-—
sidues (peel, pulp and seeds) as well as in amount of
each component of residue (Table §). Bitbter orange had
the highsst amount of tetal residue and lowest amount of
juice extracted (65 and 35% respectively). Total residue
from grapefruit resembled that obtained from Baladi orange
(59%). However, mandiarin sexhibited the lowsst amount of

wastes and also the highest amount of juice.

Peels constituted the major part of citrus residues.
The highest amount of pesls was found in bitter orange (41%)
followed by Baladi oranze and mandarin fruits (36%), grape -

frait had the lowsst amount of peels (31.5%).
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‘ The different citrus fruits varied in their content
in flavedo layer of peels. The highest amount of flavedo
was obtained from bitter orange (12%) followed by Baladi
orange (10%) and then grapefruit (8%). The lowest amount
was found in mandarin (7%). Differences in flavedo content
of tThe dif?erent citrus fruits could be attributed to the
observed differences in amount of peels obtained from each
kind. For example, the lower amount of flavedo in grape-
fruit is due to its smaller amount of peel +than that in

Baladi eT bitter orange. Mandarin was a special case,

1

lavedo from

Hi;

practically, 1t was difficult to ramovs.
mandarin because of nature of the fruit and bscauss of

the method of removal of flavado from frash fruit. Such

4]

operation was made on the looss peels of wmandarin but aot
on the wnole fruits as was the case with The othar citrus
fruits ilnvestizabted.

.

Resldual part of citrus by-products wnich was left
as welfa¢ feedft
after removing the flavedo layer by gratinz/constituted

great proportion amounting 50% in grapefruit, 47% in Baladi
orange, 46.2% in bitter oranze and ounly 38.5% in mandarin.
Zxcept for mandarin, this part of residus was used for ob-
taining psctino pomace by the method of extfaction applied
in the preseat study. However, albedo of mandarin which
represented28.5% was used for obtaining pectin since amount
of pulp was too small (L0%) and also N  was difficult to
obtain‘i}g;paratgly from seads, espaclally under the

condition of commzrcial procaessing of mandarin.
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Albedo constiﬁuted the second great fraction in by-
products of Baladi orange, bitter orarze and mandarin where
they did not differ greatly in its amount (26.5, 28.7 and
28.5%, respectively). The grapefruit had the lower albedo
layer. In contrast to other citrus ianvestigated, grapefruit
had lower weizht of albedo than pulp. Grapefruit, exaibited
the highest amount of pulp or membrane (27%). Pulp in Baladi
orange and bitter orange represented 20.5 and 17.5% of o
ths residue, rsspectively. Tha smallest amount of pulp

was found in mandarin (10%).

Seed constituted the least fraction in citrus. The
nighest amount of sesds werzs found in rasidues of bitter
oranzz (5.8%) followed by wmandarin (4.5%) and the Baladi

range (2/4), while ths lowest content of sseds were ob-

O

0y

.

ained from grapefruit. In the pressnt investigation,

ct

this part of residus was used for obtaining citrus seed

¢0il and citrus seed meals.

it should be mentioned origin, size, skin-thickness,
growing conditions of different citrus fruits influence the
amount of edible part as well as amount of residues. It
was reported that large and/or thick-skinnsd citrus fruits
contain hizgh proportion of waste (ipfelsinsn and Griepenbur:,

1975).
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Part II : Citrus peel oils:

The present study was conducted to compare yield, phy-
sicochemical propwrties and content in volatile components
of peel o0ils obtained from four different citrus fruits,
namely Baladi oranze, bitter orange, mandarin, and grapefruit.
Moreover, effects of the method of extracting these citrus
peel oils on their properties,and composition were investi-
gated, where essential oils were recovered from fresh fruits

by cold-pressing and water and steam distillation Technigues.

Amount of essential cils in the fresh waizht of

fruits varied with the different citrus fruit (Table 9).

v

he highest amount of essentiagl oil was found in peels of
bitter orance (0.58% of the fresh weight of fruits),
Baladil orange come in the second order (0.58%). Grape-
fruit had lowest amount in esséntial_oil, being 0.3¢ %.

grapefruit, 1% should be noted

=13

In case o
that its oil glands are known to be locatad deeply in
p2els and,in addition, its pessl fs known to have a very
tnlck layer of a sponge~like albado wnich has a tendency
to abSOrb the 0il as soon as it is exprassed from flavedo,
and to retain it deppite the application of very high tem-
perature (Guenther, 1950). It has been shtated that yield
of oil ;xtracted from zrapefruit is always low compared with

orange (Guenther, 1950).
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Table § — The yield of essential oils produced from

. - . . x
various species of citrus fruits.

Citrus species Percent of Percent of Percent of
flavedo in - essential essential
whole fresh oil in oil in fresh

fruit flavedo weight of
fruits

C. reticulata Blanco

(Mandarin) 7 6.4 0.45
C. sinensis L.

(Baladi orange) 10 5.8 0.58
C. aurantium L.

(Bitter orange) 12 5.6 0.68
C. paradisi

(Grapefruit.-) _ 8.0 4,5 0.36

¥ Average of six determinations.

Although mandarin had * a lower amount of essential
oil iq_fresh welght of fruit, it showed the hizhest amount
in theéé:oils in flavedo layer obtained from fruits by
zrating compared with the other citrus fruits. Similarly,
Ditter orange contained lower percent of sssential oil in
its flavedo layer than Baladi oranse. Morsover, amount of
2s352ntial oil was not found correlated with Ehe amount of

péels.

by

avado laysr o

by
"_l
w
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Results of the present study on amount of essen-
tisl oil are consistent With those reported by Ghoniem
(1980) for Egyptian cultivars of bitter orange, Baladi
orange and mandarin. Morsover the found Valueé for
citrus peel oil content is higher than tﬁat reported by
Hafez (1964) and lower than that reported by Salib et al.
(1978), Ashour and El-Kebeer (1980), and Ashour znd El-
Saadany (1981). The cultivated Hgyptian citrus varieties
seem to contain higher amount of essential oils compared
to other varieties grown in different parts of the world
(Manelski, 1932; Patel, 1937). If the average conteat in
citrus peel oils is considered to be about 0.5% one would
except that one ton of citrus fruits processed in any
citrus processing plant would produce 5 kz of essential

depending on variety of citrus and other conditions.

++3. Physical and chemical properties of different citrus

The determination of physical and chemical proper-

ties of a given essential o0il is of great importance in

characterization of that oil, in determining effect of its
extraction or processing methods, and in detection of adul-

teration with other 611. Determination of or physical and

chemical properties of citrus peel o0il obtained by water

and steam distillation and by cold-pressing procedures in-

cluded specifie gravity, refractive index, optical rotation,
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solubility in alcohol, odour, colour, acid number,

ester content and aldehyde content (Tables 10 and 11).

4.3.1. Physical properties:

4.3.1.1. OdoT and color:

Odor and color characteristicsof the investiga-
ted citrus peel oils were determined by five trained pane-
lists from the Aromatic Plants Dept. of the Agriculture
Research Institute, Cairo, Egypt. Baladi orange oil ob-
tained by water and steam distillation was colourless while
that obtained by cold-pressing was reddish yellow. Manda-
rin oil was slight yellow upon extraction by distillation
wnile that obtained by pressing was reddish yellow. Simi-
larly grapefruit oil obtained by cold-pressing was more
yellow than that obtained by hydro-distillation. It could
be noticed that method of extraction seemed to influence the

color q& citrus peel oil investigated.

Generally, odor of cold-pressed citrus oils was more
Pleasant than those oils obtained by hydrodistillation.
However, odor of each kind of the various citrus peel oils
tested was actually a characteristic of the fruit from which

it was extracted.

4.3.1.2. Specific_gravity (sp. gr.):

Zxamination of tables 10 and 11 reveals that peel

oils extracted by both methods from all the citrus fruits,
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had values for sp. gr. lower than 0.9. This finding

could be taken as an indication of the presence of higher
percentage of terpene hydrocardbons in these essential oils.
It is well known, that, oxygenated compounds have the
highest sp. gr. value over all the other constituents
found in an essential oil (Guenther, 1961). Moreover,
variation in ratio of terpene hydrocarbon to oxygenated
constituents certainly influences the value sp. gr. of the
essential oil. If the sum of values of acids, esters and
aldehydes could be taken as an arbitrary estimate of oxy-
senated compounds, ane would eXpect a positive correlabtion
between amount of oxyzenabted compounds; and therefore, a-
nagative correlation between terpene hydrocarbons, and the
value for specific gravity. The relative higher sp. gre.
value for mandarin and grapefruit peel oils than Baladi and
bitter orange oll could be abttributed to the hisher amount
of oxygenated compounds in mandarin and grapefruit over

present in Baladi and bitter orange peel oils.

The tested citrus peel oils exhibited, in general,
high refractive indexes. Volatile oils are characterized
by high refractive index (Guenther, 1961). However, there
was no great differences among peel oils from the different

citrus types. Values obtained ranged from 1.4729 to 1.4740
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for those extracted by water and steam distillation

and from 1.4738 to 1.4769 for cold-prossed peel oils.

It is evident that refractive indexes of oils extracted
by cold-pressing is slightly higher than those obtained
by the hydrodistillation method. Such finding is simi-
lar to those mentioned by Guenther (1961) and Ashour and
El-Saadany (1981) for steam distilled and cold-pressed
olls. The ranges obtained coincided with those stated by
Hafez (1964), Salib et al. (1978), Ghoneim (1980) and

Ali (1983) for different citrus péelroil extracted by
differeat methods. It should be notedigﬁgigar (1954) re-

ported that refractive index of citrus oil increases with

storage.

4.3.1.4. Optical rotation:

Among the different citrus .oils, mandarin peel
optical

0oil prepared by both extraction methods had lower/rotation
(+70°) than the others. However, oils of Baladi oraange,

bitter orange and grapefruit peel o0il obtained by w.ter

and steam distillation had the same value of optical rota-
tion. On the other hand, all cold-pressed citrus oils
exhibited slightly lower values than all those obbtained
with hydrodistillation method. Similarly, Ashour and El-
Saadany (1981) found that cold-pressed had lower optical

rotation than steam-distilled peel o0il of Baladi orange.
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" The higher specific rotation in orange peel oil could

be related to the hisher amount of D-limonenein these
oils. Pure d-limonenewas reported te have specific ro-
tation value of +116 (Guenther, 1961). The optical
robtation of an essential oil is a function of its opti-
cally active constituents since oil consists of a mixture
of organic compounds which differ in their assymmetry
which could be influenced by method of extraction. There-
fore, the observed difference in optical robation between
citrus oils exbtracted by the two methods could partly’z;—
plained by the difference in their content of d-limonene

and other constituents.

The obtained data for optical rotation of citrus peel
oils are in agreement with those stated by Guenther {(1961),
Hafez (1964), Shabana (1969), and Ashour and El-Kebeer
(1980). However, they are different from those mentioned
by Ali (1983) who reported much lower value;?g;ld—pressed

orange peel oil (+45).

4.3.1.5. Solubility in alcohol:

Since solubility in alcohol is dependent on tempera-
ture (Guenther, 1961) the determination was made at a cons-
tant temperature of 20°C. Citrus oils extracted by water
and steam distillation were found soluble in 4.5 to 5 volumes
and more up to 10 volumes of 90% ethanol. Moreover, they

were soluble in 0.5 to 1 volumes and more, up to 10 volumes,




of 95% ethanol (Table 10). In contrast, cold-pressed
citrus 0il were found insoluble in 90% ethanol. Grape-
fruit peel oil was also insoluble in 95% ethanel; but
Baladi orange and mandarin oils were only soluble with
hazy tuTbidity The present observations could be exp-
lained on the basis of the high content of terpene hydro-
carbons in these citrus oils, since oils rich in oXygena—
ted constituents are known to be readily soluble in di-
lute alcohol than those rich in terpene hydrocarbons

(Guenther, 1961).

Data on solubility are in general agreement with other
studies on some Egyptian citrus peel o0il especially those
of Hafez (1964) and Shabana (1969), but differed from
those of Ashour and El-Saadany (1981) who reported comparable
solubilities in 70%, 80% and 90% alcohol for both cold~pres-

sed and steam distilled Baladi oranze peel oils.

“4.3.2. Chemical properties:

%.3.2.1. Acid number:

Although acid number does not help in characteriza—
tion of essential o0il, it serves as an estimate of the small
amounts of free acids present and reflects the deteriorative
effects of extraction method, processing and storage conditions.
Acidity in all the investigated citrus peel oil was low and
ranged from 0.15 to 0.42 for oils extracted with wéter and
steam distillation and from 0.8 to 1.3 for those obtained by
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cold-pressing. Similar acid numbers were reported

for steam—-distilled citrus oils, which were also lower
than the correspoading cold-pressed oils (Ghoneim, 1980).
Among the water and steam distilled oils tasted, manda—
rin had the highest while bitter orange showed the lowest
acid number. Baladi orange and grapefruit had comparable
acid number. In conbtrast, cold-pressed Baladi oranzge
possesed the highest, while mandarin had the lowest acid
number. It seems that acidity of freshly prepared Egyptian
citrus peel oils is always low since many investigators
reported such observation (Salib et al., 19783 Ghoneim,
1980; BElSamahy et al., 1982; and Ali, 1983). Higher acid
number was found for solvent extCacted citrus peel oils

(Hafez, 1964 ; Shabana, 1969).

4.3.%3.2. Bster_content:

Bxamination of table 10 and 11 reveals that percent~
age of esters, calculated as linalyl acetate ranged from
1.73 to 4.08 in oils extracted by water and steam-distilla-
tion and from 4.3 to 8.5 in cold-pressed citrus peel oils
under investigation. It/:;ident that ester content is
higher in cold-pressed oils than those extracted by hydro-
distillation method. Consistent conclusions were obtained
from studies of Ghoneim (1980) and Ashour and El-Saadany
(1981) who compared cold-pressed and steamedistilled peel

0ils of different Egyptian citrus varieties.
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Upon recovery by both methods of extraction,
peel oils of mandarin showed Jhe highest while that
obtained from Baladi orange had the lowest ester con-
tent. Moreover, grapefruit and bitter orange peel oils
had also higher ester content than Baladl orange despite

of the method of extraction applied.

Values cbtained for ester content iﬁ the present
study either are higher than or in general agreement to
the ranges found in the literature for different citrus
peel oils extracted by different method (Kastersoy &A%uff
1948; Guenther, 1961; Hafez, 1964 ; Ashour and El-Kebeer,
1980; Ghoneim, 1980 ; El-Samahy. et al., 1982).

Among the many co&fituents preseat in citrus peel
oils, aldehydes content is considered to be an indication
of flavouring potential of every individual oil. As shown in
Table (10) Baladi orange peel o0il extracted by water and
steam distillation had the highest aldehyde (as citral)
content compared to the other tested oils which showed
a relatively comparable aldehyde content (as decyl alde-
hydéj having a range between 0.90-0.95%. Cold - pressed
mandarin . oil (Table 11) had the hishest aldehyde content
(1.58%) which was slightly hisher than that found in man-

darin oil extracted by hydrodistillation. The other two
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cold-pressed oils had similar aldehyde content (1.5%)

which was greatly higher than that of the corresponding
oil obtained by hydrodistillation method. Ghonelm (1980)
reported also that Baladi orange o0il had higher aldehyde
content than those from other citrus peels. Ashour and
El-Saadany (1981) also found that cold-pressed contained
more citral than the steam—distilled orange peel oil. The
obtained values for aldehyde content for each of the tested
citrus oils are within the ranges reported by many investi-
gators (Manelski, 1932; Braverman, 1933; Hafez, 1964,

El-Samahy et al., 1982).

The different investigzated citrus peel oil showed
also variabtion in upon calculation of the aldehyde: ester
ratio, where Baladi orange oil had/gizhest ratio compared
to the other citrus oils; regardless - of the method ofﬁs‘

extraction.

Baladi oranze oil obtained by water and steam distil-
lation method had a ratio of 0.83. However, the other cold-
pressed Baladi orange oil had only about half the ratio pre-
sent in that obtained by hydrodistillation (only 0.35).
Bitter orange and grapefruit oil showed similar trend with
aldehyde: ester ratio which ranged 0.43-0.48 in oils obtained
by hydrodistillation, but was reduced to an average 0.18 in
oils obtained by cold-pressing. Handariﬁ peel oil obtained

, The
by hydrodistillation exhibitea”’lowest ratlo amonsg the differsnt
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citrus oils investigated, being 0.23 which also was

even lower in mandarin obtained by cold-pressing (0.18).

The found aldehyde/ester ratios are consistent
with those reported by El-Samahy et al. (1982) who men~
tioned that cold-pressed Baladi orange and bitter orange

had ratio of 0.8 and 0.56, respectively.

It should be mentioned, that results of the present
investigation indicabe that citrus peel oils, in general,
have much esters as aldehydes. This result is similar
to that observed by Braddcck and Kesterson (1976), espe-
cially in grapefruit oil. Moreover, the present results
indicate also that Baladi oranze had lowest content in
esters, and the highest content in aldehydes despite of
method of its extraction among the citrus peel oils in-

vestizated.




4.4, Gas4liquid chromatographic analysis of citrus

peel o0il:

The application of gas chromatography for charac-
terization and purity determination for several aroma
substances or volatile constituents in many essential
0ils extracted from various plants has been demonstrated.
In fact, the use of chromatography and supplementary ana-
lytical technique has greatly accelerated interest in
the identification of specific flavour producing com-
pounds in these essential oil. Aknowledge of the nature
of constituents responsible for odour and flavour of c¢it-
rus peel oils 1s quite necessary to provide a base for
comparing the different citrus oils, detect any adultera-~
tion with oil of inferior quality and eventually to pro-
vide a foundation for understanding the chemistry of these

compounds,

For the best of our knowledge, scarce informgtion
are present in literature concerning properties and vola-
tile components of different citrus peel oils obtained by
water and steam distillation. Therefore, comparison of the
present’data on 0ils obtained by such method to others will
be only limited o those oils obtained by steam distil-
lation method. Moreover, a comparison of the present re-
sults withliterature reports is a difficult task as various

methods or procedures for GLC analysis of citrus peel
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Cils or present in literature. However, the g jor
c¢oncern of each of these methods is to detect or
identify maximum volatile constituents or to improve

their resolution from the essential oil,

The GLC analysis of each oil under investigation
was followed according to the enrichment method in which
known compounds ﬁere added individually to each sample
chromatographed and then compared in each instance to
the o0il sample alone. G@Gas liquid chromatograms of the
volatile constituents separated from eagh essential oil
investigated are Presented in separate figures (Figures

3»4,5,86,7, 8 and9).

4.4.1, Volatile constituents separated from diffe~

rent citrus peel oilsg obtained by water and

steam distillation:

Gas-liquid chromatographic chromatograms indicated
that different numbers of Peaks (between 7 ang 10 peaks)
were detected in the different citrus peel oils investi-
gated under the used conditions of GLC analysis in the

present study. About 10 Peaks were separated from mandarin

~and grapefruit oils, 8 Peaks from bitter Orange and only

7 peaks from Baladi Orange. However, only 9 compounds

were identified in these 0ils as X -pinene, B-pinene,
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2. B-pinene

i | ' 3. d-limonene
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Fig.3 - GgLC separation of mandarin peel o0il obtain=d by

“:water and steam distillation.




1, ™-pinene
2. B-plnene
. 3. d=limonene
5. Ocimene

6. Unknown
9 » Unknown

10. Citral

Detector response

Retention time (min.)

Fig. 4 - GLC separation of Baladi orange peel o0il obtained
- 'by water and stean distillation.
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Fig. 5
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— GLC separation of bitter orange peel oil
obtained by water and steam distillation.
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Fig. § - GLC separation of grapefruit peel oil
obtained by water ang steam distillation,
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d~limonene, nerol, Ocimene, linalool, citral and linalyl
acetate. Moreover, it was experimentally i@pqssible to
distinguish between d-limonene snd nyrecene using the
chromatographic separation method of the present study.
Myrcene was found to have a close relative retention time
to that of g~limonene, under the conditions of the present
study. Therefore, myrecene is believed to be included in

the area of d-limonene peaks.

Furthermore, two unknown compounds were present in
peel 0ils of Baladi orange and bitter Oorange, 3 unknowns
in grapefruit and 4 unknowns in mandarin oils. Relative
percentage of varioué constituents separated by GLC from
0ils obtained by hydrodistillation as presented in table
(12), where compounds are arranged according to their

retention time.




1403,

4.4.1.1., Terp_ ydrocarbons:

.The identifieu rpene hydrocarbons in chroma-
tograms of different citris peel oils obtainedfby water
and steam distillation were W —-pinene, B-penene, d-limo-
Nene (probably myrecene) and pcimene. The principle tér—
Pene hydrocarbon in all the investigated oils was d-li-
monene wnich snowed a range of 95.49-97.43%. Bitter oranze
had the high d-limonene content (97.43) followed by Baladi
Oranze (96.70). On tﬂe other hand, -pinsne was more con-—
centrated im mandarin oil (31.77%) followed by grapefruit
(1.18%) while Baladi and bitter orange oil showed campar-
able contents (0.87 and 0.77%, respectively). B-pinene was
lower than x-pinene, while ocimene was the smallest ter-
Pene hyjrocarbon fraction detected in mandarin and Baladi
orange oils. In contrast, ocimene was higher than B-pinene
in bitter oranze and grapefruit oils. Of all the oils
tested, mandarinhad the highest B-pinene content (0.50%),
while grapefruit had the highest ocimene content (0.59%).

In spite of the observed difference in concentration
of different terpene hydrocarbons fractions in different
citrus oils, the amount of total terpens hydrocarbons in
all the testdd oils was closely comparable (Table 13).

The higher content in total amount of & -pinenme, B-pinene
and ocimene, especiglly in mandarin and grapefruit (2.44%

and 2.07%, respectively) compansated the differences in
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d-limonene content observed among the tested citrus
oils. It is evident from table 13 that terpene hydro-
Carbons are the major component of hydrodistilled oils
at the citrus fruits tested where it showed a proportion
ranged from 97.56 to 98.69% with an average of 98.23% of

the total constituent.

Steam-distilled oils of different Bgyptian citrus
cultivars were reported to contain the séme Yerpene hydro-
carbons detected in the present study (Osman et al., 1970;
Karawa et al., 1971; Ghoneim, 1980; Ashour and El-Kebeer
1980; Ashour and Bl-Saadany, 1981). Moreover, d-limonene
was reported to be the major constituent and at certain
proportion comparable to that found by the'present investi-
gation, especially in bitter orange oil (Ashour and El-
Kebeer, 1980) and in Baladi orange (Ashour and El—Saadaﬁy,
1981). In contrast Karawya et al. (1971) and Ghoneim
(1980) found much lower d-limonene content in steem dis-—

tilled citrus peel oils.

Numerous terpene hydrocarbons, othar than those detec-
ted in the present study, were identified in steam distilled
olls of Egyptian citrus fruits. Sabinene, camphene p-cymene
and férpene were found in sweet orange, but only sagbinene,
p-cyumene, B-phellandrene were found in bitter orange steam
distilled oils (iarawya et al., 1971). P-cymene and B-phel-

landrene were detdcted in Baladi oranze oil (Ashour and
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£l-Saadany, 1981). However, Ashour and 8#1-Kebeer (1980)
stated that camphene, terpinene, p-cymene were present
in steam distilled oils of the setting and immature

fruits of bitter orange, but not in that of ripened fruits.

44,2, Oxygenuted compounds in oils obtained by water

and steam disbtillation:

As shown in Table'( 12 ) the oxygenated compounds
gave numerous peaks upon GLC analysis which included al-—
cohols, esters and aldehydes. However, the different tes-—
Ted citrus oils deferred in kind and concentration of each

of the oxygenated compounds detectsd.

The identified alcohols wers nerol and linalool which
were destected only in bitter orange and grapefruit oils.
Nerol was found in higher amouant than linalool. Morsover,
narol was higher in grapairuit (1.33%) than bitter orange
(0.59%). On the other hand, linalcol contant was alwmost
similar (0.08%) in both oils. Mandarin oil had traces of

linalool.

Linalyl acetate was the only ester identified in
citrus oils obtained by water ard steam distillation, how-
ever, it was found in mandarin oil only and represented

about 0.78% of the constituents.

Citral was the main aldehyde identified in the water
and steam distilled oils, howevar, it was present in
Baladi orangé and grapefrait olls at a pProportion of 0.1l1%

-and 0.7/, respectively. Cisral was not datactad in bittér

oranzgs or mandarin peel oils.
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Upon calculation of the total amount of oxygena-
ted compounds as identified by GLC, waterrand,steam
distillation-citrus oils (Téblé 12 ), contained a var-
iable amount which ranged between 0.11 toZJl%. Grape-
fruit oil had the highest total oxygenatad éompounds
due to its higher neroland citral coatent, followed by
mandariﬁ due to linglyl acetate éontent. Baladi orange
had the lowest total content being only O.lLZdue to the
presence of citral.

Comparing the obtained data with those in literature
CofCerning steam-distilled oils of different citrus grown in
“gypt revealed conflicting findings for each of the oxygenated

Compounds and for each type of citrus oils.

With respect to alcohols, nerol and linolool detected
in the present study was also detscted in bitter oranze by
Karawya qﬁ al. (1971) and Gnoneim (1980). In agreement with

- ac well ac,
our findings, Ghoneinm(1980)/Ashour and 31-Saadany (1981) did
not identify nerol in steawm-distilled oils of Baladi oranse.
Moreover, Ghoneim (1980) found only tracss of nerol in manda-
rin oil. However, in contrast to our ra=s5ults, Karawya gf al.
1971, working on steam-distilled oils, datacted terpineo},
geraniol and farnesol in bibter orange oils, while farnesol
and geraniol were found in sweet orange, in addition to nerol
and‘iinalool. Ashour and El~Saadany (1981) identified, in
addition to linolool, citronellol and terpineol in steam
distilled Baladi orange oil. Ghoneim (1980) found linalool,
farnesol in mandarin snd bitter orange oils, while lmnalool
and terpinol wers present in Baladi orangs oil. Ashour and
S1-Kebeer (1960) detectsd nerol ard terpinzol in steam dis-

g

tilled oils of ripsned fruits bittar oranze howevar, linalool
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was present only in oil of immature fruits. Furthermore, .

borneol and citronellol were detectable in solvent extrac-
orange ffult

ted oils of Baladi’and grape4 while mandarin oil contained

citronellol and ergenol Salib et al. (1978).

With respect to esters, linalyl acstate was also de-—
tected in steam distilled 0oils of pandarin grown in Egypt by
Ghoneim (1980) but at much lower proportion than that found
in the present study for the water and steam distilled oil.
In agreement to our results, Ashour and £1-3Saadany (1981)
did not identify 1linalyl acetate or any other ester in steam
distilled oranze oil. In contrast to our data, linalyl was
detected in steam distilled oils of sweet and bitter orange
(Karawya et al. 1971, Ghoneim, 1980) and in ripened grape-
fruit oil at higher amount than that of the immature fruit

(Ashour and El~Kebeer, 1980).

Steam distilled peel oils of different citrus fruits
grown in Egypt were reported to contain other ester compounds
which were not detected or identified in oils extracted by
Water and steam distillation in the present investigation.
Methyl anth@nilate, geranyl acetate were present in sweet
and bltter orange by Karawya et al. (1971). Methyl anthani-
late Was detected 1n bitter orange and mandarin oils, but
not in orange oil as found by Ghoneim (1980). Neralyl ace-
tate was: present. in bitter orange oils. However, geranyl

acetate was not detected (Ashour and Z1-Kebeer, 1880).
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In agreement with our results concerning aldehydes,
neitheq citral nor other aldehyde wés detected by
Ashour and El-Kebeer (1980) in steam distilled bitter
orange oils. Ghoneim (1980) reported a low amount of
¢ltrsl in orange oil but higher amount in mandarin and
bitter orange. Karawya et al. (1970) found detected
Citral in sweet 'and bitter orange oils but at higher
Proportions (about 1%) than that found in orange oil
in the present study.

Many Egyptian investizators indicated more aldehyde
Components than that found in the present study. Nonyl
acetate and gecyl acetate were present, in addition to
citral, in steam-distilled oils of Baladi and bitter orange
as mentioned by Ghoneim (1960), Citronellal was identified
in steam-distilled oil of sweet and bitter orange by
Karawya et é}- (1971) and of Baladi orange by Ashour and
El-Saadany (1981).

4.4.1.5. Unidentified compounds:

The four unidentified peaks in chromatograms of oils
of the different citrus;gﬁnstituted very swall proportion of
the total components. Two compounds were not ideantified in
all ecitrus oils iHVestigated,‘but Baladi orange peel oils
contained an additiongl tweo /ugiszgzalyzed oils of Baladi
orange, mandarin, bitter orange and grapsfruit Ccomprised,
1.57, 0.89, 0.64 angd 0.34%, respectively of these unidenti—

fied compounds.
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4.4.,2, Volatile constituents separated from

different citrus oils obtainsd by cold?

pressing technigue:

Chromatograms of different citrus peesl oils showed
Slight variation among thégelves in number of peaks detec~
ted which ranged between 8 to 9 peaks under the condition
of GLC analysis uséd in the present study(Fig.78,9).Analysis of
Mandarin and grapefruit cold-pressed oils-exhibited 9 peaks
from which three were not identified, while of the 8 peaks
in Baladi orange only 2 were not identified "Ralative per—
centage of the various constituents separated from citrus

peel oil obtained by cold-pressing is presented in Table 14.

4.4.2.1. Terpens hydrocarbons:

The identified of individual terpens hydrocarbons
in citrus peel olls expressed by cold-pressing were essen-
tlally the same as those present in oils obtained by hydro-
distillation. D-limonene, was also the principle terpene
hydrocarbon. Baladi orange also had highest amount (96.14%)
than mandarin (94.75%) and grapefruit (93.48%). Moreover,
the other identified terpene hydrocarbons exhibited a simi-
lar distribution pattern to those oils obtained by bydro=-
distillation . For example, mandarin and Baladi orange cold-
Pressed oils showed also higher content in o -pinene than B-

Pinene, and moreover, ocimene was present in the smallest

amount. Furthermore, grapefruit oil had higher content in
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ocimene than B-pinene.

The only difference observed was that cold-pressed

grapefruit oil showed low X -pinene than ocimene content.

Calculation of relative percentage of the main groups
of constituents present in cold-pressed citrus peel oils
(Table 1%) indicate thaﬁ grapefruit oil had lower terpene
hydrocarbons than mandarin and Baladi orange oils, probably
to its lower d-limonemcontent (93.5%) rather than other ter—
penes (2.5%), Baladi orange and mandarin oils had comparable

percentage of total terpene hydrocarbons.

A comparison of the obtained results with those in
literature revealed that many investigators working on cold-
pressed oils from different Bgyptiar citrus fruits reported
similar make up of terpene hydrocarbons, esﬁecially the high
d-limonene content, except for the presence of small amounts
of'other terpenes. Comparable proportions in d-~limonene
X -pinene and B-pinene %o those found by the present study
in Baladi orange oil-were reported by Ashour and El=Saadany
(1981), but they did not detect ocimene waich was identified
in our 'data. On the other hand, lower d-limonene content was
found in'cold-pressed oils of sweet orange by Karawya et al.
(1971) and El-Samahy et al.(1982). Furthermors, Zl-Samahy
et al.(1982) found higher proportion ofed-pinens (14.& and
22.5%)in Baladi & bitter orange,respectively),but they did not
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identify B-pinene or ocimene.

Other terpene hydrocarbons were detected in cold=-
pressed olls from different Egyptian citrus varieties.
In orange oils camphene, sabinene, p-cymene, and terpenene
were identified by Karawya et al. (1971), camphene and
a3 carene by Ashour and El-Saadany (1981), and only camphene
by El-Samahy et al. (1982). B-phellanderene was detected

1o cold-pressed bitter orange oil (Karawya et al., 1971).

The obtained results in the present study are in
general agreement with those reported for cold-pressed oils
obtained from various origias of citrus fruits, in respect
with total berpene hydrocarbon and d-limonene proportion
(Komatsu and Tanaka, 19517 Ashour and Bernhard, 1967} Lif-
Shitz et al.; 1970, Shaw and Coleman, 1974 Moshanas and Shaw
1974 ; Wilson and Shaw, 1978). Moreover, Chengand Chou
(1984) found that d-limonene in different cold-pressed citrus
0ils constituted 69.55-96.33% of oil.

3
Ashour and Bernhard (1967) detécted comphene D-carene,
* terpenene, Y terpinene, p-cymene and A -phellandrene in

cold-pressed oils of oranze, mandarin and srapefruit .

With improved GLC, infra red and mass spectroscopy
analysis, more terpene hydrocarbons could bs deparated or

identified, thus citrus oils wsre reporbsd to have also
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A-cadinene, B-ylangene, B-capaene, A, elemene, X -
elemene, A-borgamotens, D-caryophyllene, B-bisobolene,
{-humulene, B-.humulene, B-farnesene, valencene (Bunter
and Brogden , 1965, Ashoﬁr and Bernhard, 1967, Shaw and
Coleman, 1974, Moshonas and Shaw, 1974, Wilson and Shaw,
1978).

4.4.2.2, Oxysenated compounds:

Alcohols, esters and aldehyde compounds were iden-
tified in cold-pressed citrus oils. However, citrus fruits
differed in kind and concentration of each of the oxygenated

compounds identified in their peel oils (Table 14).

The identified alcohols were nercol and linalool, how-
ever, nerol was present in greabter proportion than linalﬁol.
Nerol was detected in Baladi orange and grapefruit oils,
however, grapefruit contained higher amount (2.98%) than
Baladi orange oil (0.83%). Nerol was not identified in
mandarin oil. Linolool was present in grapefruit and manda-

rin only and constituted 0.57 and 0.04% of total compounds.

The ester compound identified was linalyl acetate which

was present in mandarin at proportion of 0.79%. No esters

were identified in the other cold-pressed oils investigated.

The identified aldehyde compound was citral waich was

present in Baladi orange and zrapefrult peel oil in camparabl
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Linalool was also detected by many foreign investi-
gators in cold- pressed oils of mandarin (Moshonas and
‘Shaw, 1974) and in grapefruit (Wilson and Shaw, 1978).
Moreover, alcehols, other than linolool, were identified in
cold-pressed oils of foreign citrus varieties, A-terpineol,
thymol, elemol in mandarin oils (Moshonas and Shaw, 1974)

and elemol in grapefruit oilé (Wilson and Shaw, 1978).

In agreement to our results, linalyl acetate was not

detected in cold=pressed oils of oranze on bitter orange

as reported by El-Samahy et al. (1982). In contrast, it was
identified in cold-pressed orange oils by Karawya EE §}.
(1971) and Ghoneim (1980). Other esters, however, were re-—
ported in cold-pressed oils of Egyptian citrus cultures.
Methyl anthranilate was prsent in orange oils (Karawya et al.
1971; Ghoneim, 1980) while geranyl acetabe was also detected
(Karawya et al. 1971; B1-Samahy et al., 1982). On the other
hand, Ashour and EMSaadany (1981) did not detect any esteT

in cold-pressed oransze oil.

In contrast to our data, many workers did not detect
linalyl acetate in cold-pressed oils of foreign origin citrus
fru%ts, neither in mandarin o0il (Moshonas and Shaw, 1974)
or in orange oil (shaw and Coleman, 1974). However, other
esters, rather than linalyl acetate, were identified in cold-
pressed grape fruit oil, e.g. octyl acetate, nerylhcetate

geranyl acetate, and decyl acetate (Wilson and Shaw, 1978).
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With respect to aldehydes y citral was also iden-
tified in cold-pressed orange oils by Karawya et al. (1971)
and Ghoneim (1980) but at hi_aer concentration than that
found by the present study. In contrast to our results,
cold-pressed orange oils of different Bgyptian wultivars
Were'reported to contain citronellal (Karawya et al., 1971)
ﬂonyyéldehyde and decyl aldehyde (Ghoneim, 1980) and sera-—
nial (El-Samahy et al., 1982) .Ashour and #1-Saadany, 1981,
did not detect any aldehyde in cold-pressed orange oil.
Other aldehydes were reported cold-pressed 0ils of foreizn
citrus varieties, o¢ sinensal, B-sinensal, decanal,dodecanal,
perillaldehyde, geranial in orange oils (Shaw and Coleman,
1974), citronellal, decanal, geranial, perillaldehyde,

A -sinenssl in mapdarin oils (Moshonas and Shaw, 1974) .
Nerol, in addition to these aldehydes present in mandarin,

was detected in grapefruit oils by Wilson and Shaw (1978).

4.4.2.3, Unidentified compounds :

The three unidentified compounds in cold-pressing
citrus peel oils constituted small proportion amounts 1.04,
0.45 and 0.3% of the total constituents in Baladi orange,

mandarin and grapefruit, respectively.

As shown from Table (14) the three o0ils contained only
one unidentified compound in common. Baladi oranze and man-
darin oils had two peeks, but grapefruit peel o0il showad

only one unidentified r2ak.
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Part III. Characterization of pegtin pomace of citrus psel

The present work investizate ths Potentigl of
citrus by-products in providingz a good yisld of pectin
pomace dngood guality. The study included preparation)
of starting materials used for pecﬁin extraction and

their analysis from the point of their amount and as, well
as thelr content in moisture and pectic substances. Pec~
tin pomaces were extracted by suitable procedures, charac—
terized by simplicity and afficiency in obtaining good
yield. The obtained'pectins were characterized from the
poiht of their physical and chemical properties as well as

thelr content in neutral suszars and mineral matter.

The residual part of citrus residue, remaining after
extraction of juice and removal of flavedo,for recovéry of
essential oils, and excluding seeds served as start-
ing material for obtaining pectin pomace. Such starting
materigls, included dried grated peel and membrane (albedo
and core or pulp) of Baladi orange and grapefruits as well
as dried grated peels (albedo) of mandarin fruits. Citrus
residue left after removal of flavedo layer and excluding
seeds constituted 470, 50.% and 38.5% of the fresh weight
of Baladi orange, grapefruit ani mandsrin fruits, respec-
tively (Table 8), which in turn, represent 79.7, 5.6 and
77.0% of total amount of by-products obtained from the
three citrus fruits, respectively. Pulps of msndarin were
fournd difficult té.ssparate from seeds as they ususlly form
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Cake=~like mass after pressing of fruits, especially

if we know that pulp éonstitutes smaller proportion

of by-product (about 10% of whole fruit) compared to
other citrus fiuifg'(Table &) _ which consti-
tutes a proportion in fresh fruits of about half that found
in other citrus fruits. Separation of seeds from peels
and membrane is much easier in citrus other than man-
darin, due to smaller gmounts of seeds, especially in
Baladi orange and grapefruit, and also because of the
fact that their voluminous peels retain the membrane
(pulp) within it which facilitates separation of seeds
throush shakxing. Therefore, it was decided %o use the
grated peels of mandarin oniy as a startinz material
for obtaining pectin pomacé and not to add to it the

pulp of fruits.

The aim of the preseat work is not to investigate
optimum conditions for pectin extraction for maximum
yield, which is dependeat on many factors, but to chara-
cterize,in a comparative way,different citrus pectin

powders prepared from dried citrus waste materials.

Pretreatment of fresh citrus by-products before its
drying was a very important step, where they were washed
with running water then minced and treated again with

large quantity of boiled water so as to inactivate enzymes
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and remove sugars, colouring matter and orzanic
acids, then wagshed again with cold water then de-
watered. Pilaik (1970) mentioned that. purity of
water used in such operation is very important as

it wight influence pectin extraction and its further
properties.

It is beleived that such extracting pectin from dried
residues, after their pretreatment to inactivate pectin este-
rase enzymes, is more convenient and efficiant practical
method for extracting pectin as if would eliminates the rapid
'changes in pectin yield or its characteristics occurred due
Lo shortage of time required to handle the huge amounts of
fresh by-products produced daily in citrus processipg plant.
Kertesz (1951) indicated that processing of pectin pomace from
fresh by-products should be commenced promptly so as to reduce
loss in pectin due to enzyme action and not over 45 min. |
should be-elapsed between juice extraction and heating the fresh
by-product in boiled water. Moreover, extratinz pectin from
dried starting material would reduce cost of pectin prepara-
tion especially costs of solvents used in extraction or preci-
pitation. Another advantage is that it an efficient mean for

extending season of pectin manufacture.

Many iovestigatoes utilized dried citrus by-products
as starting materials for extracting pectin and indicated
that such method daid not have any significant effect or
yield on yield or quality of extracted pectin (Azarwal and
Pruthi, 1972; Royo et al., 1975; Kausar and Nomura, 1981).
Forced air drying was found the best and efficient dehyd*
ration method for citrus wastes to be utilized for dbtain—

© ing pectin of good quality (Agarwal and Pruthi,1972).
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In fact, various ﬁethods for citrus pectin extraction
have been reported and most of Tthem indicated that optimum
conditions for extracting oranze and grapefrﬁit pectins
were by using O.3% ammonium oxalate at 90°C for 2 hr.(Abdel-
Fattah,1961; Wdger et al., 1970). For mandarin and
bitter orange pectins, maximum yields were obtained
through extraction with 0.04 N HC1l at &5° for 1 hr. as

previously indicated by Tarutani and ianabe (1963).

Precipitation of pectin was performed by alcohol
as ethanol at critically high concentration is the
common precipitant for polymers (Walter and Sherman,
1983). In fact, precipitation with ethanol depends on
the colloidal characteristics of pectinic acid and addi-
tion of Hel was found to improve pectin precipitation

(Joslyn, 1962). The use of acidified alcohol to preci-
pitate pectin was found to increase pectin yield due to
affect of acid in lowerinz the dissociabtion of pectinic
acid by inéreasing their colloidal properties to facili-

tate precipitation (Joslyn and Deuel, 1963).

It was decided not to treat the precipitated pectin
with any furbher washings with alcobol to produce a more
purified pectin so as to Teduce costs of preparation.
Therefore,the crude precipitatéd pectin pomaces were dried
under vacuum, then ground and analyzed for their physical

and chemical properties as well as sugar and mineral content.
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4.5.Proxig§pe chemical composition of dried starting

material for pectin preparation:

Dried albedo and membrane (core or pulp) of
Baladi orangze and grapefruit and dried albedo of
mandarin were analyzed chemically for their content
in moisture, cruge protein, ether extract, crude fiber
and ash. Results are tabulated in Table (16), with
data calculated on dry weight basis.

fresh-
Although moisture content of/raw starting materials

varied with kind of fruit processed, it did mot differ in
thewoven aried materials, where it averazad 9.7%. Such
low moisture content of these materials made them suitable
for lonz storage and conseguently, have more availability
for processing at any time than other sources for the

production of pectic substances.

Dried by-preoducts of Baladi Oranze and grapefruits
exhibited cgpparable contents in crude protein, ether ex-
tract and “ash (5.32 and 5.33; 1.75 anc 1.66%; 2.95 and
2+.96% ,rsspectively). However, dried peels of mandarin
had higher content in these three nutrients (6.94, 3.39
and 4.55, respeétiraly) compared to the other two dried

materials.
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The hisher oil content in mandarin dried peels
could be attributed to the presence of remains of
flavedo, rather than the presence of any se=ds,which
contain high o0il content, because the removal of flevedo

was not so efficient, as mentioned before in Part I.

The obtained data indicated that carbohydrates
constituted the major component in all citrus materials
and that hizher amounts of crude fiber (19.4—31%} were
present. Furthermore, crude fiber were found hizher in
dried by-products of grapefruit (30.96%) than those of
orange (25.37%) and of mandarin (19.39%). The hizh fiber
content in dried pe=ls and pulp of srapefruit may in-
fluence its pectin content, since fiber and pectic sub-
stances are the major components present in carbohydrates

of grapefruit material.

The higher ash content of dried peels of mandarin
employed the application of special extraction and preci-
pitation procedures for obtaining mandarin pectin pomace
wnich was dffferent than that used with the other two
citrus so as to avoid any pProbable bindinzg of ash consti-
tuents with extracted pectin. Joslyn and Deuel (1963)
and Aspinall et al. (1968) indicated that the pPresence of
ash or (salt) in raw material created problems during ex-

traction and pmecipitation of pectin.
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Results of chemical composition of citrus dried
peel are in agreement with thosé_of Baks and Sinclair
(1980) for dried peels of Valancia oranze with respect

to crude protein, ash and crude fiber content.

4,5, Bstimation of amount and yield of psctin pomace:

4.6.1. Total pectic substance and their fractions

in dried citrus waste materials:

The Rouse and Atkins (1955) method for determination
#f peasic substances indicated that the different citrus
dried by-products contained high amounts of pectin which
ranged between 28.21-31.66% on dry matter basis (Table
17). However, the three fruits differed amonz themselves
in amount of total amount of pectic substances as well as
amount of each of pectin fractions, obtained by solubility
in different extractants, present in their dried by-
product materials. Pectic substances were present
in order of decreasing abundance in grapefruit, orange
and mandarin dried waste material (31.66, 28.21 and 25.19%»

rspectively’.

The usé.of water, 0.75% ammonium oxalate, 1 N
sodium hydroxide provided a dezree of fractionation of
the pectic subgtances present in dried citrus waste

materials. @tein and Brown (1975) indicated that the
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sequence in which these extractants were used had an
influence on the_amount of pectic material extracted.
Grapefruit material had the highest values in all pectin
fractions compared to the other two materials; especially

the oxalate-~soluble pectin fraction.

It should be mentioned that seqguence of extractants
as listed in Table (17) could be taken as an arbitrary
estimate to distinguish between different types of citrus

pectins as well as between various sources of pectins.

Citrus peels of various origins have been repor-
ted to contain 20 to 50% pectin on dry matter basis (Ker-
teSz, 1951). Tne obtalnsd values for pectin substapces
content are in close agreement of those meationed by
Tressler and Joslyn (1971) and Baks and Sinclair (1980),
but much higher than those indicated by Alexander and
Sulebele (1980) and El-Arnacoty (1962) who studied extra-

ction of pectin from Egyptian citrus varieties.

It_should be mentioned that xind of citrus fruiﬁ
and pe'i'iod of maturity influence greatly amount and
proportions of pectic substances as well as their fractions
For example, although proportion of pectic constituents
change only little during growth of grapefruit, they
change more d&jﬁtically in case of orange fruits where
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the proportion of water-soluble pectic in albedo inc—
reases rapldly durinzg the period of rapid srowth but

decreases as the fruit ripens (Kertesz, 1¢51).

4.6.2. Yield of pectin prepared from dried citrus

waste materials:

As shown in Table (18) estimation of practical
Yield of pectin pomace, which represents amount of pec-
tin recovered from dried citrus starting materials, in-
dicated that maximum yield was obtained from grapefruit
dried materiél (27.7% of dry matter). Yield from dried
orange material was slightly lower(about 24.85% of dry
watter} The smallest yield was obtained upon using man-
darin dried material (18% of dry matter).

Although by-productsof orange and grapefruit diffe-
red in their content in total pectic substances or the
theofitical yield, the efficiency of pectin recovery from
these by-products remained almost indifferent (8&.1 and
87.52, respectively) and was higher than that Colcyleted for
mandarin by-products (77.62). Results of theoritical and pra-
ctical yields would indicate that method of extraction was al
important factor in determininz pectin yield together with
amount of peetic substances present in starting raw mate~
rial. BSuch comclusion is evidenced by the fact that pec-
tins from orsage and zrapefruit by-products were extracted
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and precipitated through a common method which is
completely different than that used with mandarin
by~products.

The yields of pectin from different citrus
sources are within the ranze indicated by many in- -
vestigators from either fresh or dried citrus by~
products. Salamon (1971) reported that pectin yield
from fresh peels of Columbian oranges, grapefruit and
lemons ranged from 2.26 to 7.16 g per 100 gm. Alexander
and Sulebele (1980) obtained pectin yield of 15.17% of
dry matter from peels of Indian citrus fruits. Royo
et al. (1975) indicated that pectin yield from dried
peels of Spanish citrus fruit was 26.1=30.7% from grape—

fruit and 12.4=-22.8 for mandarin.

Althouzh Crandall and Rouse (1977) found consistent
amount of pectin yielded from peels and albedo of grape-
fruit (4.8 and 4.9%, respectively), he reported
much higher yields from peels and albedo of oranges (7.5
and 6.0%, respectively). In contrast to our findings,
Nisperos éﬁd Robertson(1982) indicated much higher yield
(8.9%) from peels of New-bealand grapefruit usinz special
extraction and purification methods.

It should_hi_mentioned that yield of pectin extrac-
ted from citrus by-products is influenced by kind of citrus,
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type of waste (i.e. peels, albedo, flavedo, core or
éombination of these wastes);method of preparation or
extraction and also with maturity stage of fruits
(Kertesz, 1951; Rouse and Knmorr, 1970, 1971; Crandall
and Rouse, 1977; Nisperos and Robertson, 1982). Maxi-
mum yields were reported at certain times towards early
season and from albedo rather than flavedo whoOle peel

or core of fruits.

4.7. Physical properties of citrus pectin preparations:

Physical propsrties of pectin include color, mole-
cular weight, optical rotation, viscosity and zelling
properties which are used to supplement data obtained by
determinagtion of chemical analysis of pectins. Phyéical
properties of pectin preparations extracted from dried
residue of different citrus as well as those of two com-

mercial pectins are summarized in Table (19).

4,7.1le Molecular welght:

Molegular weight and molecular size of pectin are
the most iﬁportant factors determining dynamical proper-
ties of pectin gel. Determination of molecular weight
can be done by direct procedures such as the ultracentri-
fuge method and dsmotic pressure method by indirect pro-

cedures such as viscometery and determination values vary
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greatly with method and with workers. The molecular
weight of pectin usually vary from 10,000 to several
thousands (Whyte, 1964), '

As indicated in Table (19) molecular weights of
pectin preparations varied within a small Tange from.
70,213 to &4,042 ang with an average value which is
higher than that for Commercial pectins (51,487 and
27 y446 forslow set and low methoxyl pectin, respectively)
Molecular weight was much higher in pectins of orange (84, 042)
than those of mandarin and grapefruit (78,723 and 70,213,

Tespectively).

Data obtained are withip the ranze indicated by
Saverborn (1940) who indicated that molecular welzhts of
pectins from citrus slbedo and apple were between 50,000
aod 100,000, Moreover, a value of 89,000 was found for
commercial lemon pectin by Neukom (1967) and another of
89,362 was indicated for grapefruit pectin by Nisperos
and Robertson (1982). Much bigher value (220,000) was
early found;b§ Schneider gnd BocK (1937) rfor citrus pectins.
It should be mentigned that the softening of certain fruits
upon ripening has been attribﬁted to a decrease in mole-

cular size of pectic substances (McCready and McComb, 1954).
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4.7.2. Jelly grade:
The ability of pectin to form jellies or gel

is the most important property of pectin, as Jelling

.~properties determine to a great extent the commercial

value of pectin preparation. Pectin is usually graded
according to its suzar carrying power and therefore,
“jelly grade is defined by Kertesz (1951) as the pro—
portion of sugaréwhich part of solid pectin or pec-
tin extract is capable of.turning Them into a jelly with

suitable characteristics.

In a decreasing order, pectins of orange, mandarin
‘and grapefruit showed variable gelly grades (167, 162
and 112, respectively) which were lower than those
of purified commercial pectins. Grapefruit, in particu-
lar, had much lower grade than the other two citrus pec-

tins.

The found jelly grades of citrus preparation are
comparsble or even higher than those found for different
pectins of local sources (grades of 60 to 160) as indi-
cated by Salém et al. (1969).

Although pectin preparations were not purified,
their jelly grades are comparsble to those found by
Crandall and Rouse (1977) and Srirangarajan and Shrik-
hande (1979) of ebout 180 for orange pomace. Moreover,

B e A T
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. Alexander apnd Sulebele (1980) found jelly grades of
180, 209 and 200 for pectin of sweet orange, Baladi

- orange and grapefruit, respectively. The gelling grade
of citrus crude pectin preparation 1¢ comparable to
that of purified commercial pectins from many sources

which were investigated by El-Atawy (1984).

The lower gelling grade of grapefruit pectin
could be attributed to its distinct lower molecular
weight, togethef with other factors contributing to
zelling properties. Kawabata (1977) indicated that
pectin gels were found Vo be the firmer, the greater

molecular weight.

From data in Table 19 and 20, one can conclude
that jelly grade of citrus pectin seemed to depend
mainly upon degree of polymeization of galacturonic acid
and hence upon its molecular weight rather than any othei-
pectin characte'ristics. These conclusions are in agree—
ment of Lopez and Li-Hsiong (1968), Kuiper (1969) and
Voragen and Pilnik (1970) who indicgted that jelly grade
of pectin depends mostly on its molecular woight and
slightly on other pectin properties. Sarhan (1975) found
that neither A.G.As nor methoxyl content of pectin could
be considered as gqod indices for jelly grade. |
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Jackman (1963) mentioned that three factors
are likely to be important in determining the gelling
ability of pectin, the degree of esterification, the
distribution of methoxyl groups, the molecular weight
or molecular weight distribution and the presence of '

neutral sugar in pectins.

Optical rotation, which is the ability of solu-
tions of optically active substances to rotate plane of
polarized light passing through them, of pectin is usually
taken as indication for their pﬁrity and degree of poly-

merization (Kertesz, 1951).

Values for optical rotation for citrus pectins
showed a narrow range of variation (+216. 58° to 232. 26°)
with grapefruit pectin having the highest value while that
of oTarnge having the lowest. However, optical rotation
- values of different citrus pectins were higher than those

’ .
" for commercial pectins.

The obtained values are close to those reported by
El-Arnacoty (1482) who indicated optical rotation values
of +226 and +264 fdﬁ{crude and pure grapefruit pectin, res—
pectively. Theraujn investigator indicated a higher
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' gpecific rotation value (+266)'for purified orange

pectin.

There is an evidence to indicate that o'ptical
rotation values of citrus pectin correlate with
values for A.G.A. és higher purity pectin induced
higher specific rotation value. On the other hand,
the observed low optical rotation values could partly
attributed to the presence of a.high proportion of
araban, associated oftenly with pectic substances,
which is found to be strongly levorotatory ( &) -123°
$o -125°C as mentioned by Saad (1985) .

Turbidity of pectin solutions, which is difficult
to eliminate by filteration or centrifugation could also
partly explain the observed differences in optical rota-
tion velues of citrus pectin. Such observation is suppor-
ted by data of appearance and absorbance of 0.2%
pectin solutionawhere these data correlated'with thbse of

optical rotation.

There is no evidence that all pictinmic acids have
the seme specific optical Totation. Kertesz (1951) stated
that specific optiesl rotation of pictinic acids is within
the range of 1605 ib 240° and that highly purified pectins
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'had a range of +137° to 250°. The presence of even
small amount of araban with pictinic substances greé%ly

reduces the observed optical rotation of polyuronides.

Pilnik (1970) noted that specific rotation of a
pectin solution was constant over a pH range of 3.0 to
6.5 but prolonzed heating with acid caused a drop in such
value. Furthermare,'the optical rotation decreased
rapidly during hydrolysis towards that for galacturonic
acidv(+51.9°).

4,7.4. Color of dry pectin powder:

Although not purified, citrus pectin preparatibns
showed lishter color than the two commercigl pectins, es—
pecially orange and srapefruit pectins which posgzd whiter
color. These two citrus pectins had also lizhter color than
that of mandarin pectin, probably due to their method of
extfaction and precipitation which were completely different
Jfronlthose of pandarin pectin. '

4,7.5. Physical properties of 0.2% pectin solution:
Data on Table (19) show that differeat citrus pectin
preparations showed some varigtions in properties of their
0.2% pectin solutiongé Citrus pectin were ranked, in order

of decreasing values for flow time, as orange, mandarin and
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grépéfruit. However, grapefruit pectin had much lpwer
values than the other pectins. All citrus pectins had
higher flow time values than those for the two commer=-
_cial ones. Such variation in flow time properties could
be correlated to molecular weights of thesz pectins and
also to variable amounts of ions which mizht react with
carboxyl zroups in pectin molecule formingzg complex hydrox-
ides with variable viscosities (Baker, 1948). The vis-
cosity of pectin solution depends malinly on its molecular
welizght, degree of esterification, dénsity and degree of
dissociation forlelectrolytic groups, and content of poly-
valent cations (Owens et al., 1944; Deuel and Stutz, 1958)
rather than its purity. It should be mentionad that coﬁ-
ditions of extraction could also influence flow time pro-
perties. For example, El-Atawy (1984) stated that flow time
of 0.2% pectic solution was dependent on temperature of ex-
traction were it increased by increasing temperature.
/]g;;ident that appearance and absorbance values of pectins
solutions are in,close correlation. Low absorbance and high
turbidity indicate the presence of hizher non-pectic subs-
tanCes. The observed differences in these two properties
mizht be due to the aefficiency of pectin extraction condi-
tiéns. The highesfrtqrbidity (moderate turbidity) and lowest
absorbance was obseriid in orange pectin solutions while that
of mamndarin pectin shewed light turbidity properties. O0On the
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~other hand,solution of grapefruit pectin was more clear

in appearance and of higher absorption value which com-

- pared well with those propertiss of commercial pectins.
Results of appearance and absorbance value of c¢citrus pec-
tin solution are parallel to data on their purity properties
dr A.G.A. content (Tagble 20), where maximum purity was found

for grapefruit pectin.

Solutions of different pebtins had slightly variation
in Their pH values. However, solutions of orange and zrape-
fruit had lower pH values (3.4 and 4;35, raspectively) while
that of mandarin had slizhtly higher pH of 3.6 which was more

coumparable with pH vglues for commercial pectin solutions.

The observed slight increase in pH of mandarin pectin
solution than those of the other citrus pectins could be
attributed to method of pectin extraction as well as its
precipitation, since mandarin pectin was extracted using Hel
while other peftins with amﬁonium oxalate solutions. More-
over, the use’ of acidified alcohol in precipitation pectin
a3 adopted in case of ‘oranze and grapefruit pectin, was found
to decrease pH values}of resultant pectin due to the possible
‘hydrolysis of methyl qéter in pectin molecules by acid which

leads Yo splitting of free carboxyl group (El-Atawy, 1964).
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- 4.8, Chemical properties of citrus pectin Rreparations:

Bvaluation of chemical bProperties of the tested
pectins included the determination of theirp content of
moisture, ash, anhydrogaelacturonic acid or purity, mefhoxyl
groups and acetyl group as well as their reducing power.
(Table 20).

4.8.1, Noisture content:

Moisture content determines the Keeping quality
of pectin (Kertesz, 1951) ang therefore,it is usually car-
ried out in commercisl Pectins for economical consideration,
Data 1lllustrated in Table (20) indicate that moisture con-
tent of citrus pectins ranged between approximately 5,3~
8.1% which was not greatly different than that of the com-
mercial slow set pectin (7.8% moisture). However, the
other commercial pectin had much lower moisture content
(4.9%) which is slightly lower than that of orange pectin
(5.3%) .

Hoiptﬁre contents of citrus pectin Preparations
correspond to the lower limit of moisture content for dif-
ferent pectins produced in USa which ranged from 7.2 to
14.9% (Joseph, 1955). Moreover, they had slightly lower
values than the 10-&? limit of the range of moisture content
(8.02 to 14,.89%) 1n§§¢ated-by Kertesz (1951) for various
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pectins, In addition, moistpre content of prepared
cltrus agree with recommendation ofiFio (1978) that
pectlir should not contain more than 12% moisture. On
the other hand, Nisperos and RobertSon (1982) indicated
a verj low moisture content (1.3%) for pectin of grape-

T
fuit peel.

The higher moisture content in mandarin pectin
(8.08%) than other citrus preparations could be attri-
buted to method of precipitation of mandarin pectin by
using non-acidified alcohol, Que to the hygroscopic
nature of hemicelluloses present in higher amounts in
pectin precipitated by such agent. 4 similar explanation

was glven by Kertesz (1951) znd Sarhan (1975),.

4.8.2. jsh content:

Pectin preparations always show an appreciable-
~content of ash which could influence some pProperties of
pectin. The ath content is one of the attributes for
pectin qualify as it affects viscoslty and jelly grade

of péctins. Baker ind Goodwin (1939) showed that amount
and nature of pectiﬁ ash influence Jjelly values at certain
PH values. The effict of ash is more pronounced in low-
ester pectins in which high content of carboxyl
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groups are avallable to react with ask constituents
forming comﬁiéx hydrdcides of abnormsl high viscosities

" (Baker, 1948).

Examination of table (20) reveals that ash cop-
tent 1n the three citrus pectin breparations ranged from
approximstely 1.0 to 3.16% of dry matter. ¥andarin had
the highest content of 3.1636 while grapefruit and orange

pectins had comparable amount (approximately 1.1l and 1.0%

- respectively). Xo great difference in ash content was ob-

served between citrus pectin Preparation znd slow set
commercial pectin (1.46% ash) while low methoxyl pectin
had higher amount of ash (4.377%).

The distinctive higher ash content of mandarin pectin
cauld be explained on the basis of its metnod of extraction
and precipitation which was completely different from those
of the other two citrus pectins. FBl-Atawy (19c4) stated that
pectin extracyed by acids, particularly HC1, higher solveht
concentratioﬁ‘or high temperature obtained hizher ash content.
In the present study, mandarin was extracted using HC1l solu~
tions. Sarhan (1975) and El-Atawy (1984) reported that pectin
of different sources éxepared through precipitation with acidi-
fied alcohol showed liss values in ash content than those
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precipitated with non-acidified alcohol, Precipitating
pectin of orsnge and grapefruit in the present study
was performed using acidified ethyl alcohol but not

with mandarin pectin.

Moreover, it should be noticed that the increase
in ash content is parallel to pH value of pectin (Table 1%)
where mandarin pectin showed higher pH and ash content com-
pared to the other citrus pectins while the low methoxyl
commercial had pectin/;uch higher values for both proper-
ties. Such observation was also indicated by El-Atawy(19&84)
who attributed the higher ash content to the increase of pre-
cipitation of salts present in the non-pectic substances at

higher pH values during the course of preparation of pectin.

All citrus péctin preparation exhibited lower ash
content than those permitted by Food Lows in many countries
such as Germany and Switzerland which stated that ash con-
tent of pectin ﬁsed in edible products should not to con-
tain ash more than 12% (Kertesz, 1951).

Joseph (1955) stated that ash contemt of solid
pectins various greatly and it may exceed 11%, which was
not the case in the present study.
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Amounts of ash found by the present study are
”cbmpafaéle with the ranges found by many workers investi-
- gating citrus pectins (Schneider, 1936; Smit and
Bryant, 1967; El-Arnacoty, 1982; Nisperos and Robertson),
1982; Saad, 1985) and pectin from other sources (Ibrahim
1970; Abdel~Fattah and Edrees,1971; Sarhan, 1975; El-Atawy,
1984), Iﬁ addition, ash conten‘;fgrapefruit pectin is
about half that indicated by Nisperos and Robertson (1982)
for pectin extracted from grapefruit peels, while that
for orange pectin is double that indicated by Srirangarajan

and Shrikhande (1977) for pectins from peels of different

orange varieties.

4 .8.3. Anlydrogalacturonic acid content (A.G.4.):

Anhydrogalacturonic scid content determines per—
centage of pectin purity which varies greatly according to
source and method of extraction, precipitation and purifica—
tion of that pectin. Solid pectins contain from 44 to 86%
Of A«Geds On moisture free basis and high quality pectins
always exhibitnhigher A.G.A. content (Solms, 1960). Many
assoclated components such as galactan, arban, ash, methoxyl

and acetyl group influence greatly purity or A.G.A. of pectin.

The unpurifﬁgd citrus pectins had remarkable A.G.A.

content which iS cﬁpparable or even exceeded thoge of
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-commercial pectins, with the exception of orange pectin
(61.67% A.Ged.). ¥andarin pectin showed comparable ox

- even slight higher A.G.A. éontent than these of commer-
cial one. Grapefruit pectin, in particular, hag the
highest 4.G.A. content (77.01%) which was superior than
those of commercial ones which indicate that the method
of pectin extraction was very successful in such respect
and probably any further purification is not necessary

as it will increase costs of production.

Consistent values for A.G.A. were found for citrus
pectins prepared by Rouse and Knorr (1970, 1971) and Royo
et al. (1975). In contrast, a high A.G.A. value was found
by Saad (1985) for orange pectin 76.3% and 67% for titrame-
tric and carbozole metbod, respectively). Similarly, El-
Arnaocoti (1982) found i'gher values for orange (82.3%) and
grapefruit (8l.1% and ‘5.4% for pectin extracted by oxalate

and HCl, respectively). In sgddition, Nisperos and Robertson

(1982) found §hat A.G.A. content of their purified zrapefruit

pectin prep;ration was 82.2%.
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changes in hydrogen ibq concentration (Woodmansee and
Baker, 1954). It also influence pectin solubility in
water which increases.by increasing proportion of
methyl ester of pectin (Myers and Baker, 1929). Fur-
thermore, methoxyl content of a given pectin determines

its ultimate use in different system.

Pectins prevailingly used for food processing
are pictinic acid of which carboxyl groupse are partially
methoxylesterified to methoxyl groups. When pectinic
acld completely methylated, the content of methoxyl group
1s theoretically 16.32% (Kawabata, 1977). Pectin with .
methoxyl group of more than 7% is called high methoxyl
pectin while pectin with that of less than 7% is called
low methoxyl pectin (Kertesz, 1951).

Results indicate that methoxyl content of citrus

" pectin preparations lied between approximately 8.5 to 9,1%
which were sligﬁfly higher than that of slow-set commercial
pectin, The low methoxyl commercial pectin showed 3.64%
methoxyl content.,

It is evident that all citrus pectins are among the
high methoxyl pectina, an finding whick is in cloge agree-
| ment to those of man§ investigators, in spite of the reportved
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great varlation in amount of methoxyl content which
is Imown to vary with kind of citrus and method for

extraction.

In Bgypt, El-Arnacoty (1982) indicated that
methoxyl content of grapefruit and Crange pectins ex-
tracted by HCl were 11.9 and 11.6%, respectively, while
that for grapefruit pectin extracted with ammonium oxalate
solution was 10.8%. Moreover, Séad (1985) indicated a
methoxyl content of 9.01% for unpurified orange pectin

Preparation,

Rouse and Enorr (1970, 1971) found that, me thoxyl
content of pecting from lemon peel and pulp was 12.0 and
12.3%, respectively. Royo et al. (1975), stated that the
methoxyl content of crude pectin extracted from 30 sampies
of 7 Spanich orange varieties ranged from 5-7%. Kawabata
(1977) found thft methoxyl content of Japanese mandarin
frult was 6.14 and 6.12% as determined by gravimeteric and
colorimetric method, respectively, while summer Oorange con-
tained 9.09% methoxyl (gravimeterically) and 8.92% (colori-
meterically). Furtﬁ@rmore, Nisperas and Robertsor (1982)
Observed that the iﬁthoxyl content of pectin extracted from
grapefrult peel wag%?.z%.
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Kethoxyl content of pectln usually varies ac-
cording to raw material from which pectin was extracted
and also to conditions of extraction ang brecipitation.
Kethoxyl content decreased when Precipitation step was
carried out with acidified alcohol due to acld effect on
these groups which might cause partial ester hydrolysis,

especlally at higher temperature,

Pectin gels can roughly be soprted into the hydro-
gen bonded type and ionic type gel (Kertesz, 1951). Pectins
used ir Jjams and fruit jellies belong to the hydrogen
bonded type gel which is formed from high methoxyl pectin
are very sultable for use as high methoxyl pectin where
sugar and acid are needed to fornm gel and not polyvalent ion-
water system as the case with low methoxyl pectin of ionic

bonded gel type.

4,.8.5,. Acetyl group content:

Acetyl tontent of pectin exertsa significant effect
on its jelly forming ability because the bPresence of these
blocking groups preveﬁts the close approach of molecule ne~
cessary for gel netiétk formation. Pippen et al. (1950) ana
Lockwood (1976) indicated that the presence of this group on
Cp and/or .03 rundarQacertain pectir incapable of forming gels
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and reduced the solubility of pectiric acid in water as
- they react with secondary hydroxyl groups of pectin form-
ing compounds with hydrophopic character. It is commonly
égreeable that the presence of more than 3.5% of acetyl

group would impair jelling broperty of pectin.

In the present investigation small amount of sce-
tyl group were detected in all eitrus rectin preparations
which ranged from 0.413 to 0.592%. However, such amount
are significantly (50% lower) than these present in the two
commercilal pectins. However, amount of this group was found
to correlate well with data of Jelly grade as well as appear-
ance or absorbance of 0.2% pectin solution rather than thoge

of purity.

Amount of acefyl group content in the prepared
citrus pectins are slightly higher than these reported by
¥cGComb and chrﬁgdy (1957) for lemon peel pectin (C.37%),
Lockwood (1976) for different citrus peel pectins (0.2%) and
Saad (1985) for crude orange peel pectins.

Acetyl contemt of pectin is influenced by extraction
and precipitation step in pectin preparation. Pippen et al.
(1950) indicated thatmcid used in extraction or in precipitation
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of pectin could influence the acetylated hydroxyl group
-in pectin which may cause partial ester hydroiysis.
Sarhan (1975) mentioned that such influence is more pro~

nounced with higher temperature of extraction,

According to the aforementioned results, one can comelude
that the prepared unpurified citrus Pectins are of googd
teclhinological Properties fromw the point of their lower

acetyl content,

4,8.6. Reduc ing EOWeI':

Reducing power or ferricyanide number ig an
estimate of degrée Oof pectin hydrolysis during its extrac~
tion precipitation since the degraded pectin would have
aldehydic groups and hence have more reducing power. More
reducing power was found in mandarin pectin (3.06) than the
Orange and grapefruit pectin which did not differ greatly
in such respect (2.51 and a.32, respectively). The commer-
cial pectins had much higher ferricyanide number (4.17 and
5.7) than those of cifrus becting. -

El-Arnacoty (1982) reported slight bigher reducing
power values of 4,38 amd 4.61 for grapefruit and orange
pectins extracted by,iﬁl and of 5.45 for grepefruit pectin.




157.

Such result would indicate that method for citrus
pectin breparation, especially teﬁberature, did not
influence greatly their aldehyde groups as using HC1
in extraction of mandarin pectin did not influence

greatly its reducing power.

The di?ference in pectin reducing power is re-
lated to method of their'preparation, especially tempe-
rature of extraction which might cause some thermal de-
gradation on polygalacturonic acid leading to rupture of
some glycoéidic linkages which influence the number of
aldehyde groups. noreover, partial acig hydrolysis may
occur during pectin Precipitation with acidified alcohol

as concluded by Albersheim et al. (1960) and Abdel-~Fattah
and Edrees (1968).

It should be mentioned that reducing power deter-
minations is not on accurate measurement of degree of
pectin hydrol&sia since some non-pectic materlals, such
a8 arbans and galactans could interfere in determination

of such property.
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%.9. Constituent neutral sugars of pectin substances of

citrus:
—

Pectin consists mainly of galacturonic acid poly-
mers but also contains a small proportion of other sugafs,
where some of them are coval ently attached to the main
galacturonic chain as accompanying polysaccharide impurities
or linked as side groups to the acid chain while others are
associated with the non pectic (or neutral) polymer (Kertesz,
1951). The acidic molecule is thought to be responsible for
the gelling power of pectin, while the associated neutral
fraction acts as dlluent of specific gelling ability (Speiser
et al., 1945). Certain proportion of covalently attached
neutral sugars would be advantages to gelling ability of pec~
tin (Saad, 1985). Furthermore, proportion of neutral sugar
in pectin seeus to vary with source, maturity and method

of extraction (Saad, 1985).

Identification of neutral sugars of crude citrus pec-
tins was perfqrﬁéd using paper chromatography separation of
sugars from acld hydrolysates of these pectins. Chromatograms
of sugars llberated upbn acid hydrolysis indicated.the Presence
of galacturonic acid,‘kalactose, arabinose and rhamnose in
all citrus pectins ang}yzad (Fig. 10). Qualitative estimation
of these neutral sugar fractions revealed that quantity of

rhamnose was lower than other Sugars present. (Table 21).




e
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10 _ Chromatogram of SMgars liberated upon acid
hydrolysis of citwrus pectins prepared from
by-products of different citrus fruits.

(1, mixture of standardsi 2, Bzladi orange
pectin pomace; 3, grapefruit pectins; 4,
Mandarin pectinsg » Zalacturonic acid; 6,
galactose, ?7; arabinose and 8, rhamnose).




Table 21~ qualitative estimation of sugars separated
by paper chromatosraphy techaique from acid
‘hydrolyzates of pectin extracted from by-
products of different citrus. fruits.
[
Source Galacturonic Galactose Arabinosge Rhamnose
acid
Baladi orange +++ R Te +4++ +
Mand arin +++ +++ +++ +
Grapefruit +++ +++ +++ _ +
Standard +++4 ++++ 44+ +++4
++++ = Excess
+++ = High
++ = Moderate
+ = Low
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In agreement with our results, El-Arnsooty (1982)
also detected galacturonic acid, galactose, arabinose,
" and rhamnose in partiallacid hydrolysates of pectins
extracted from Bgyptian cultivars of orange and grapefruit
using paper chromatography technlque. Furthermore,
Kewabata (1977) using high performance liquid chromatography
Iindicated that neutral sugars (4-16%) of different citrus
pectins contained arabinose and galactose in higher pro-
portions, and also rhamnose in all citrus pectins, while
glucose, xylose, mannose and ribose were not present in pec~
tins of grapefrult and orange. However, they found xylose
and glucose in mandarin pectin but at very low concentration,
Aclidic sugars comprised about 50~74% as anhydrogalacturonic
acid. |

Earlier reports of Abdel-FPattah(1961) using paper chromatog-|

raphy found that sugars of different citrus pectin contained
tetra-galacturonic acid, tri-galacturonic acid, di-galactu-
‘ronic acid, moqp-galacturonic acid, arabinose and traces of
galactose and rhamnose. Aspinall et al. (1968) also indicated
that neutral sugarslsuch as arabinose, galactose and rhamnose
were presented in lemon pectin. Galactose was reported to be
found usually in the form of galactan, which was observed %o
be a linear polymer of B-D-galactose units linked to the 1

and & positions whije arabinose was present in the form of

i ek R de e e 1
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arebinan found to be a branched chain of I-arabinofura=-

nose {(Solms and Deuel 1951),

According to Pilnik(1970) & Gonzalez Charridre et Petit
(1971), neutral sugars are always found in pectic subs-
tances and rhamnose exists between the main chains of
galacturonic.acids, bﬁt in case of arabinose, galactose
and xylose some of them are coordinated to the side chains
of galacturonic acids, and others sre mingled with acids.
Using ilon exchange chromatographic technique, Baig et zl.
(1982) stated that grapefrult pectin composed of galactu~-
ronic acid 76%, rhamnose 7.13%, arabinose 2.65%, xylose

0.75%, mannose 0.42%, galactose 11.5% and glucose 1.2%.

4.10. Xineral content:

The determination of individual minerals in citrus
by-products as well as in prepared crude pectins included
thefpectrophotometeric determination of phosphorus and
atomic absongtfbn spectroscopic methods for sodium, potas—

sium, cupper, zinc, manganese and iron.

4.10.1. XKjperal content of dried citrus waste

materiala:
As indicated in table (22) calcium was the prin~

cipal element in ash of dried citrus waste materlals used
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for prepsration of pectins. Despite of king of fruit,
minerals present in the different ashes were,in amounts
of decreasing order, Cs, K, Na, Mg, Fe, Mn, Zn, Cu and.?.
Orange  dry waste material, in particular, COntaine67: $
Na and kg, ¥n in much lower amount as compared to other
citrus. Except forCu, K and P, dried peels of mandarin
had higher amounts of most minerals especially Ja and g
than other.citrus materials. Such higher amount could be

attributed to the higher ash content in mandarin waste

material (Table 16 ),

The presence of high mineral matter has been re-
ported to create problems during extraction and subsequent
precipitation of pectins (Joslyn and Deuel 1963); Aspinall
et al. (1968). It should be mentioned that water used in
preliminary steps, such as washing of fresh citrus Peels,
may contribute +to the mineral matter of the dried citrus
materlals., |

’

4.10.2, Minersl content of pectin preparations:

Aunount and nature of ash as well as constituent
minerals present in pectin influence many Droperties of that
pectin. letalliciions bresent in pecting exert an prorounced

effect on viscosiﬁi.of pectin solution at pH above 2.75
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where abnormal viscosities resulted, impart, by forma-
tion of complex hydroxides and any €xcess amount of heavy
metals lons would cause coggulation and precipltation at
certain specific pH values (Baker, 1948). High level of
some mineral constituents, especially the polyvalent lons,
tends to facilitate local precipitation (no gelation) ang

consequently synersis (Kohn and Furda, 1967).

The comparative analysis of minersal matter of the
prepared cltrus and two commercial pectins is Presented in
Table (22). The different citrus pectins as well as commer-
cial ones showed a great-variation In amounts of each indi-
vidual elements, especially Ca and Mg. Analysis showed that
citrus pectins kept much of element present in this start-
ing material although every individual pectin differed from
the others in extent of such tremnd. 1In fact, all citrus
pectins have the trend of having calcium as the dominant.
element among inerganic lons bonded to pectin where it was’
present in higher concentrations compared to Others. Magne-
sium ranked the second, from the point of abundance, in man-
darin pectins and the third in pectins of orange and grape-
fruit. The content of Mg were approximately equal in orange
and grapefruit pectins. Except for Ca, Mg and KNa, all citrus
pectin preparations hed lower amounts of othep minerals.
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The commercial pectin had the same trend, héwever,
they contained K, in addition to Ca, Na, Kg in higher
amounts, R

The two commercial pectins showed also diffe-
rences between themselves with respect to mineral
content. The predominant element in the slow set
pectin (Tz) was K while the low methoxyl one (T ) had
sodium, which Was present in very high concentrations,
and K was in the second order of abundance. Calcium
ranked In the second and the third position in T2 and
T3, respectively, in respect with order of abundance.
Furthermore, the low methoxyl pectin T3 ¢ontained dis-~
tinguished high Na and low Mg compared to the other com-
mercial one as well as all the citrus Pectin preparations.
In addition, T3 had lower ﬁﬁg%nts 0f all minerals than
others, except that of Na’in T,, and those of Na, K and
P in citrus preparsations.

’

Kandarin pectin, in Particular, exhibited higher
amounts of Ca and Rg'f;M4 Zn and Pe than other citrus
pectins as well as commercial ones. The extra ordinary
high amount of Ca (8-10 times than of others) and high
¥g (three times that of others) could be attributed to the
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‘effect of method of extraction rather than the higher
content in these two winerals in starting material,
Orange and grapefrult pectins contained much lower
amounts of Ca and Mg, although their _ start—l
ing materials contained appreciable amounts of them,
Moreover, the higher concentrations of many elements

in mandarin pectin is related toc its high ash content
compared to other pectins (Table 20). The same relation
of predominant inorganic elements bound to bectin 1s

noticed for T3 commercial pectin.

Pectin extraction and its brecipitation influence
greatly mineral matter of the resultant Fectin., Sarhan
(1975) stated that precipitation step was the most effec-
tive variable which determined mineral natter of extracted
peCtins, and when precipitation of Pectin was conducted
with acidified alcohol, comsiderable amounts of all elements
were dissolved and removed in alcohol solution which resulted in
lower mineral 'matter in pectin, especially calcium. Pro-
bably such observations could explain the lower concentra-
tionlof minerals in orange and grapefruit pectin preparzations
in the present study than that of mandarin pectin, as both
of them were obtained through precipitation with acidified
aleohol. loreover, wbrth (1967) indicated that ash content
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and its constituents especlally Ca, were dissolved and
removed with alcoholic soclutions upon precipltating pectin
with acidified alcohol which certainly influence amount

and distribution of minerals in the resultant pectin..

The content of elements of all citrus preparations
are within the range found in some American commercial pec-
tins as indicated by Joseph (1955) which contained (in mg/
100 g) the followkng, calcium (30-2800), Mg (60~1800); Na
(100-3000); X (1-3900); Mn (1-5) and Cu (4-100),

The observation that Ca and Mg were the predominant
inorganic eiements bound to pectin is previously reported by
many investigators (Joseph 1940, 1955; Kawamura, 1955;
Sarhan, 1975, Kawabata, 1977, El-Arnsooty 1982 and Saad,
1985).

Furthermore, the found element content of orange
pectin prepapa%ion is consistent to that of orange pectin
as reported by Saad (1985). The amount of Ca, Kg, Cu and
Zn are in agreement of those of crude and purified pectin
from peels and pulps of Egyptian cultivars of orange and
grapefruit as indicated by Bl-Arnaooty (1982). 1In addition,
the same investigater digd not found any significant
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difference in mineral content between crude and pure
citrus pectins. The found concentrations of Ca and Mg
are also close to those present in crude Or pure pectins

of Japanese clirus detected by Kawabata (1977).

The higher amounts of Ca and g in pectins could
be explained by the fact that carboxyl groups of galactu-
ronic acld, the main heteropolysaccharide in pbectin, are
partically esterificated by methyl group and soze of then
link with ions such as Ca and g (Kawawmura, 1955,

Kawabata, 1977). Baker and Goodwin (1941) found that Ca,
Mg, Cu and Al present in pectin did nog appreciably affect
itsviscosity property, at pH vslues btelow 2,75, Eoreovér,
Pectin have reported to have a higher bindingfability of
polyvalent cations (Vidal-Valverde et al., 1982) which make
ther usuable in many applicztions as a detoxicant (Eerstez,

1951) and in heavy metal industry (Surikova et al., 1977).

As f@r _as the mineral content of citrus pectin pfe-
parations is céncerned, those pectins could be safely employed
in different edible foods without no further problem. How-
ever, amounts of Cu and 2n were slightly higher than those
indicated by FAO (1978) who stated that Pectin should not
contain more than S,and 2.5 mg per 100 g of Cu and Zn




respectively. Probably purificatio
would certainly decrease amount st {

in such crude preparations as a resu O
. ;

+ . -

metals present in the non=-pectic fracgions.

The aformentioned data would indicgte the suita-
bility of the adopted simple methods for sxtraction
and preparation of pectin from dried residue of citrus
in.providing pectin in reasonable yield and of zood
physical and chemical, characteristics asd suitable from
safely, technélogical and economic points of view.
Costs of production could be reduced greatly as any
further purification seems to be unnecessary as indica-
ted data of acetyl and AGA content. About 500 kg of
pectin could be produced daily from by-products of
single plant processing citrus fruits, which would pro-
duce as much as 1l ton/day of residues. Such amount of
pectin production would lmprove economy of citrus manu-
facture as-save much of hard currency used for import-

ing pectin storage of pectin in Szyptian market.



Table 23 - Weight and relgtive bPercentage of seeds present

in processing by-products of different citrus

fruits as well as analysis of seeds in moisture

and oil content.

Baladi Bitter Mandarin
orange orange
Total residue left after pPressing
fruits, » as-s basis.! 59.0 65.0 50
Weight of seeds per kg of fresh
fruits , 20.0 68.0 45
Percentage of seeds in fruits',%? 2.0 6.8 4.5
Percentage of seeds in by-productsﬂg 3.4 10.5 9.0
Welght of 100 seeds (air.dried).q! 14.52 12.20 12.52
Moisture content of seeds ,(%12- 56.30 56.10 52.30
Seed content in ether extract,
% oven dry basis 2 36.00 38.19 27.02

1
Average of ten determination.

2Average of triplicate determingtion.
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higher weight compared to those of the other two citrusg
fruits, as indicated data on weight of 100 seeds when
calculated using the air drieg seeds (Table 23). Seeds

of mandarin and bitter orange wers of comparable weight.

Chemical analysis indicated that the different
citrus seeds investigated had compargble moisture content
and high ether extract content per dry weight of seeds.
Bitter orange seeds had the highest ether extract content
(38.19%), . Compared to Baladi Orange and mandarin seed (36
and 27.02%, Tespectively). It could be noticed that gl-
though Baladi orange contained ‘lower amount of seed (2%),
1t showed a good amount of oils in its seeds, in/quantity
evén . more than that of mandarin seeds.

The obtained data on oil content of different seeds
are 1o agreement with the findings of the few workers who
| investigated Seeds oils of Egyptian ¢itrus cultivas as
%ell as foreign varieties. In Egypt, Youssef (1980) found
that bitter orange, sweet Orange and mandarin seed contained
58.6, 30.1 and 28.2% of oils, respectively. Moreover, Met-
wally and Khafagy (1975) found oil content in seeds of
Baladi orange and mamiarin to be 37.1 ana 29%, respectively.
In pddition,seeds of ¢itrus varieties of foreign origin
were reported to combein oils in amount of 25-30% (Parekh
et al., 1959), 35.9% (Kamel et al., 1982 ); 32.3-38.4%
(Pauyuki et al., 1984).



174.

On a dry woight basig,the oil content of seeds
from different citrus fruits is relatively higher as
compared witﬁ'that of seeds from other fruits, such
as figs (23.5%), pears (14.1%), spples (18-23%), grapes
(12-22%) amd is comparable to that of soybean (35%)
(Jacobs, 1962).

Based on datg of daily production of wastes from
pProcessing citrus fruits in factories of El-Nasr for
PreserVe& Foods (Eaha), Egypt, (Anon, 1985), one would
expect that 11 ton/day of citrus residue would contagin
about 887 kg of 8eeds which, in turn can produce 123 kg
ot:seed oil per day. These calculation gre bgsed oh an
estimation of average percentage of seeds in total wastes

of4¥% and average seed oil conteat of 1% )

4.12. Pglsicgl and chemicgl properties of citrus

seed olls:

| Abalysis of oilg and fats 1gs concerned not, as
in other food nutrisent, with Percentage composition but
rather with thig physical and chemical properties which
Serve as a basis fer identification ang assay and also
with suitability of a given oil or fgt for a given purpose
physical anqd chemiagl pProperties of citrus seed oils va-
ried greatly with kind of citrus fruit as illustrated in
Table (24).
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4,12.1. Refractive index: -

From results in table (24), refractive index
values (25°C) of different citrus seed oils ranged bet-
ween 1.4667 to 1.4692. Refractive index value of bltter
orange seed oil was lower (1.4667) than mandarin and
Baladi orange seed oils (1.4692 and 1.4680, respectively).
On the other hand, the low refractive index in bitter
orange seed oil than other seed oils couid be as a re-
sult of the presence of lower amount of di-unsaturated
Patty acid glycerides. These indications were supported
by the GIC apalysis of fatty acids (Table 25).

The obtained values were within the range found by
Shabana (1969) and Youssef (1980) for seed oils of Egyptian
citrus fruits and Van Atta and Dietrich (1944)of foreign

clitrus varieties.

4,12.2. Acid number:

Data presented in table (24) indicated that acid
value of different citrus seed olls ranged between 1.29 to
2.55. A high acid value was found for mghddarin seed oil
(2.55) than those of Baladi and bitter oranze seed oils

(1.29 and 1.61, respectively). The high acid aumber in man-
rdhrin seed oils could be attributed to the presence of inc-
reased amount of olsic acid. Such indication was suppor-
ted by GIC analysis of fatty acids (Table 25). However,
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acidity calculated as oleic gcid was 1.28, 0.65 agnd 0.81
fer mandarin, Baladi orange and bitter orange seed oils,
respectively. These results coincided with those stabed
by Hafez (1964) and Van Atta and Dietrich (1944) with peg-
pect to acid value of Baladl orange and mandarin seed oils.
In contrast, Shabana (1969) reported higher acid value for
bitter orange seed oil.

4.12.3. Peroxide number:

Peroxide number is not a constant for any oil, it
is rather a refgction of its tendency towards oxidation.
It sq?wed a range of 6.31-11.89 in the different citrus seed
oils. The peroxide number of mandarin seed oil was Found
higher (11.89) than those for Baladi and bitter orange seed
oils (6.31 and 8.36, respectively). The found velues for
Baladi orange seed oil coincided with those reported by Hafez
(1964). The found peroxide value could indicate that no con-
siderable oxidation was taking place in extracted crude citrus

sead oil.

4.12.4. Iodine number:
Iodine number in oils reflects the degree of unsatu-
ration, especially when measured for untreated oils. All
.citrus seed oils showed higher iodine values (95.11-99,07)
which indicate that oils were relatively high in unsaturated
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olls. Baladi orange seed oll had higher iodine number
(99.07) than those of mandarin and bitter orange seed
oils (95.91 and 95.11, respectively). The higher iodine
Value in Baladi orange seed oil could be taken as an in-
dication of increased unsaturated fatty acids in olil
composition. Datg obtained agreed with thoge reported.ly
Hafez (1964), Shoeb (1970) and Youssef (1980) for seed
0ils of different Egyptian varieties of citrus fruits.
Moreover, in sgreement of our results, Youasef (1980) re-
ported cdmparable iodine number valuss for mandarin ang

bitter orange seed oils.

In general, edible oilg are semi-drying omes with
io&lne value raoging from 90-130 (Rady, 1976). Therefore,
citrus . seed oils could be used as edible oils especlally
if we know that cotton sead oil had an iodine value of
103-113 (Rady, 1976).

4.12.5. Saponification value:

The saponification Value is a reflection of the
average molecular weight of fatty acids. There was no con-
siderable differsnces in saponification values of seed oils
of the different citrus varieties.

The saponification values of Baladi orange, bitter
OorTange and mabdarin seed oilg Wwere 201.15, 201.44, and
20l1.58, Tespectively. These values are similar to thoge
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indicated by Shabana (1969) and Shosb (1970) for seed
oils of Egyptian citrus varieties. Many Egyptiga in-
vestigators (Hafez, 1964, Youssef, 1980) and foreign
workers (Jamieson, 1932; Murgo ¢t al., 1943, Swift,
194%; Van Atta and Dietrich, 1944) reported slight lower
values for orange seed oil (192~-197),

The saponification number (201) indicate that gll
citrus seed oils had very close chain length of fatty
acids which on the average, is slightly higher or compa-
rable to that in oils from other sources such as soybean
(192) cotton seed (195), Sesame (192) and olive seed (192)
(Codd et al., 1975).

4,12.6. Unsggonifigble matter:

All edible fats or oils contain unsaponifiable
matter in varying amounts ranging from a few tenths of one
percent up to two perceat (MehilenbXacher, 1960). Unsa,po-
nifiable matter was reported to exist an effect on oil

All citrus seed oil were found to contain unsgponi-
fiable matter of less than 1% of oil constituents. However-
great variation in unsaponifiagble magtter content was ob-
servad among the seed o0il tested. Baladi orange seed oil
Vas shown to contaim higher unsaponifiable matter (0.97%)
then bitter orange amd mandarin seed oils (0.81 and 0.67,
respectively).
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Consistent amounts of unsaponifigble matter
were found in different seed oils of Egyptian citrus

varieties (8hoeb, 1970; Youssef, 1980).

4.,13. Fatty acidscomposition of citrus seed oils as

determined by GLC analysis:

GIC analysis helped in separation of 11 methyl
esters of fatly acids present in citrus seed 0ils investi-
gated as shown in chromatograms presented in Figs. 11, 12

and 13).

As 1lndicated in table 25, the major fatty acigs,
detected in cltrus seed oils, in order of decreasing abund-
ance were linoleic acld, palmitic acid, oleic acid, lino-
lenicAacid, stearic acid. Small amount of myristic, capry-
lic, pentadecenoic (015:1), palmitoléic (016:1) and margaric
(017) acids were also found. Traces of one unidentified
fatty acid was also found which amounted to about 0.12 and
0.24% of the total fatty acids in Baladi orange and bitter

orange seed oils, respectively.

All citrus seed oilshad the same trend in higher un-
saturated fatty aclds and lower saturated fatty acids. How-
ever, they differed among themselves in total amount of these
two groups as well as 1n the percentage contributing of each
individual unsaturated or saturated fatty aciés. The main
unsaturated fatty acid in all seed oils was linoleic (50.,12;
42,68, and 40.06%) in seed oils of Baladi orange, mandarin
and bitter orange, respectively. On the other hand palmitic
gcld represented the major saturated fatsty ascid in all citrus

seed oils,




i ] ; -
- o e - , !
i m :
e i s ! : T T TR IS SOOI I
_ : i S . T T T T T
: _ ; ! : , ! m w
A I : i ;
R SO R R ! .
. L : © | ,
; i . ot !
L m ; Q ] i
- - “flln ... ﬂ.L.. .l i - . -
m @ [} 8] : ;
i Co0o0~U. O ; :
O [ ed 4 O Ag O B : :
w ; ; ltdttﬂwi o o ; )
m : 4 ; Py 01 o A owcll ; :
, : I o et D E DS T4 OO m ;
e e e e, M OHARM OO = : ;
: : : . i ) N R B e R e T
“ w 1 i i m OFELLMNIEDNCAA H m
! ! o ) ! ! , i
i [ S U S LI e - i L] » . » . . . . . . ] ' [
m ; i ; i A NO DO A . i :
f _ i w m T § :
SO WS R M __
: “ _ : j _ “ P m
e e I DURUUIC ORI ; : ; i
w _. m | o
SRS B e | I
! i i i » : ! ; : “ _ _ ]
m ; _ ! | ! : N . i .
Voo - e = ] R . - L e me hmesm @ as - ..m.... ._ :
| i ] : i : ; Lo i ; i T
1 i ! : i i I o i i ; i
* ' i H o
{ ; 1 i L _ ! o i ! _ ) _ !
_ m : : e e e PP e TR 2 e e
im 1 B . . i { ;
' - : i A i ' . . B _ ﬂ " o m ' , '
w o 1 i R ] v H 1 y i ; _ _
. NG FODUNON RS M. S SE S < T JUVR NURUE SUUPDTTN SN SN S SO Fn U T ey e e
3 . 1 ., - B L. . L [ ) T L ] T ; ) : ,,
: moisrm . - ara e ” Ll :.i...-'.L_!,,ir...lr..E...ll_l.-”..ltll e .“x TR S, mn - ....,._...nlA. wied e .m .|Ilr.|.. e o
v .h NEREEN ENRE S i e~ MR
. i i T i | b N
; , i i ’ m ! b “_ ey 38 e vn :
i LI NN SRS S, Ci cd o i . Foes
: . _ I e T B et s i R -
m . | " : ) ] \m, i . : . ‘.
[ - ‘_ T i _ i T : _ , . m . i A '
H H _ i ! * i v i i ._ i
: i : i e : P e s l.— +
! H ! m i : m ; i i
". 1 i i n i m w m

atty acid

~ Chromatosram of GLC ahaly

-
AL

[y

3is of

bty

fzy

methyl estersof Baladi orange seed olls.




. : o j T
: _“ : m i ,
: : ; :
LTIy i de e ST T e “ ,
P -y m w | ,“ w
CH - ! . ” { ‘ “
I . ; < : ! H 1
T U S ot : n _ H
; . m : . o o S SO, :
m .. i _ o e . m T e e e
. . ! : ® o 0 m : ! _
: (I Qoo O ! ! i
m : ; , Al O O-d DO g - A . , .
: ‘ ! Pt .l..tdttmmw_l LR : : , : '
” m _ : By Bodd © O B O _ | “ m
e e e e e e, HH D B E 0T @3 00 : : ! : ,
| , : MO A NN 000Gy e e e L
_. i : S B I G e i ; ; _ R B
I : : : CnNP_PPMU.SOLL : _u | : ;
_. ._ . ._ e s a4 s e s . & 8 & s - , “ i .. _..
| “ ” m O NGO D 0 ONO ; ; , .
SRR : e ! M _ ., n
r SR R S e e ) . . : i ; !
; : M . . ; . i ) St et e cw e mies ..._.....!..i..! et e A
” | _ i .“ m ,m : ! : ! - , | “
C IR A S I S S R
— SRR NN (U W W N R N _ _ L
i ~ ,_ , : . e e L S S .LL. -~ i
. : . _ . : ; i : : S
) : m : g . _ I . _ . N I- m . N 1 '
PR S - ! ' ! ; i [ ! _ Bl AR
“ T e 5 SR e
3 M i | ! ; N h -
! ! i i : _ w ;
: : i A m : “ i _ ”
, T 7 N e e .
Y R PO U A N | e
. : a— i : 1 f |
ltlﬂ - - W b . ————r —— _l - N H - ; _
—_ i fiyod ” b i T e - _ s
| j . : : N S
- | "] _ ; : m - L
| ¥ : d i : _
‘ | | | : T "
) R | _ . E
B - ; e . PR YU I.W R S ..m.,l [N - -~ - m i
; : ! i i o R e
u - w i m i % m |
! i o i ! ! i
; 5 8 R : . L “ i L Ll.-lm_.! .wr
| M | ! h i | _ | % : | T
i — : "... - ]| = e !“.n n . _ TR B _
‘ “ P m | | ! m | i .
_ - A : | “ i m m

Fig. 12 - Chromatogram of methyl egtérs of fatty acids

134

r
[

in Bitter oran

pressnt




T ] j |
! ; ! u, i “ | ! L
P L o ] |
o b I T N N, _ " |
A_ S s B B RN A " , T
4 ? T i T T T : : |
lm_ m‘.x.. ..mal.: - z“‘l..lF |.M' - .,..t.llullwri A n u .
| : : | ,. : VS S S
| ! i _ m : | _ | |
i TR N N .
_ i .. : | L !
| | ” i ; -
: ; ) Q i
! i ; = .
w e o o - e e
_. _ ,h M o ;
_ ! ; 1 © o i
i N . Qooo-Ho O o i
_ m _ HeH o 0HAg 0 4 d
| : : TRIEEHES v
m i k e R0 B L I ) M O~~~
A oo | R L B2 S ded O O
M _ : ScHdn Y oogg [
m : aYEaaantlii ‘
N ! i CMIPPMUSOLL .
! ! i.wi. e I T S Y - Tommere
; HMNNFINO DO ;
I ~ o~ i
_ i _ j ! ; , |
: | : H ; i u
}ﬂ . ! i . __ . S ﬁm - . -
; ; j i i ; ,
“ L IR ! ,
A S S U AU
i - ; ! - ; : ]
! + _ . ; : i
L1 , i _ ; - m "
e S e e T
| R “
=t —— o T ] : :
m _ “ = ; —_— ..-rmlll.i: a{l_l S lwn [ A,
m P ; | w | m : |
.\w.u. ! : i : i ~ . ~
i B T - .,ml.ln — - R .. . : _ i _
. " : ; _ . e g e ecm—— q“ “
_ . : : ! ! “, i
i ; . < H : _ |
s + : Nl ; _ :
+ : ' H i T D ! o
i } i _ H ; m j
; 1 ' , i _ ;
s . ! ; 2 i i : |
v i - - - . . - !
L 1 : g H T ! : , i N
: ; ! i “ . : _ i . _ ! i u
i ' ! : _ M . n
S SRS SO ! N A" ﬁ " W _ m
i ; ! ; ,1 T e A et st -]
. : ! _ i : m | “ . A
L e ; : . ; . ! !
H | | S i | .
. | _ : : : ; ’ ;
; : ; ‘ : i " w -
S R n “ : . w “
“ m A ; S S S LI S !
_ . _ ; ,” i S U S

Fig. 13 - Chromabtogram of GLC_ analysis of fatty acid

methyl ester of mandarin seed oil .




S80Iy = IJ =%

00°1 J© antea ® uweals sea OT8T0UTY I01 SwTq wOTquessa 9ATIBTEY *

81°1 g8¢°0 €0'¢ GO°T e 2 94°0 ¢021°1 ﬁm"mﬂov oTueTouTT 11
89°2% £6°€T 90°0%  o9¢-qg 2L°05 S69° 9t 00°1 (%781 otetoury Q7
99462 %9 U981 9/4°¢ ¥S'12 CUT°4 2126t0 (Li8Tp) o110 6
02* 4 €Le*1 w2 b0 87T S6v°0 - /6s0 (8Tp) . ofaxBe3y g

*x 1T Iy ¥e'0  50'0  2T°0 +0°0  &&haeo umouzupy
20°0 800°0 $0'0  10°0 €0'0 10°0  gzesr0 (Llpy ofzeSaey o
90°0 8100 §0°0  10°0 90°0  20°0  gonito (1:97y) oterosturey ¢
96°¢2 26+°9 28°1¢ 99 08'22 ¢65°¢  sstic0 (g OT3TMTRY 4
£0°0 €20°0 22°0  $h0°0 600 <00 8839'0 ('STp)  oromsvepesuey ¢
€1°0 140°0 22'T  ¢sz+0 €8'0  Sl2'0 w160 (Mg oTasTILY ¢
§0°0 $10°0 98°0 810 650 S61°0  9g9z'0  (Bp) oT1hzdey

% (z0) % (ga2) y (Good

BSIY B8R jBOg BOIY ¥eaq ©OIY Heag

STIO Pees utaepuey oBuvao WMMMHm s 30 wmmwmm ARt S3usuodmop Mmmm

A 1
*STSATRBUB 9Tn £q
PéuTmI®gep s® sS7TO Peas wsnpﬁo 8uos Jo samsuodmon SP1o% f34e7 7O sefenusorsd SAT3BTS8Y - 90 81QB]



185.

Baladi orange seed 0il had the highest amount of total
unsaturated fatty acids (74.15%), due to its higher linocleic
(50.12%), and the lowest total saturated fatty acids (25.73),
due to reduced palmitic acid content, compared with other citrus

seed 0il (Table 25 and 24).

Bitter orange seed oil showed the highest %ﬁount of total
saturated fatty acids, due to its higher content / each individual
saturated fatty acid, pelmitic (31.82), stearic (2.34%), myristic
(1.22%), caprylic (0.86%) and margaric (0.05%), Moreover,
bitter orange seed 0il, showed the lowest content in total unp-
saturated fatty acids, and in all individual mono ang di-unsatu-

rated fatty acidg, except in linolenic acid,

Mandarin seed 0il lied inbetween the othepr two seed oilg
in respect widh amount of total unsaturated and saturated fatty
aclds. However, it had the highest content in oleic acig (25.66%)

compared to others.,

The fatty acid composition/égkermined by the present study
1s entirely comparable to literature values, from the point of
relative percentage of main groups as well as amount of major
fatty acids, despite of meshod of chromatographic analysis applied
(Nofel ef al., 1977; Youssef, 1980; Kamel, 1982 3  Tsuyuki et al.
1984) . |



Table 24 - Relative percentages of main groups of fatty
- acids persent in some citrus seed oils as
calculated from gas-liquid chromatograms.

Baladi Bitter Mand arin
Gomponeats s05782) GoTange, seed oil
b %

Total saturated fatty acids 25.73 . 36.29 30.35
Total mono-unsaturated fatty acids 21.69 18.38 25.79
Total di-unsaturated fatty acids 50.12 40.06 42.68
Total tri-unéaturated fatty acids 234 5.03 1.18
Total unsaturated fatty acids 74.15 63 .47 69.65
Unidentified fatty acids 0.12 0.24 Tr.

ey e s
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Analysis of fatty acids in cltrus seed oils pPro-
vided an evidence that they could be classed among thoge
oils with high content in total unsatursted Tatty acids;
and more precisely, they could be allocated in the oleic/
linoleic group of the high unsaturated fatty acids 0ils,
s dlstinguished from the linoleic/linolenic oilg, In
this respect, citrus seed 0ils contain g higher linoleic
acid (40.06-54.82) anad lower oleic (18. ll-}l 64), thus re-
sembling cotton seed oil (of 42-54 linoleic and 23-35%
oleic), corn 0il (34-62 linoleic and 19-49 oleic) ana
sunflower Oil (44-75 linoleic ang 14-43 oleic) (Codd et al.
1975). Moreover, citrus seed 0ils differ from olive, pea~-
nut, sesame oils 2%  these 0ils contain & higher pro-

portivn of oleic than linoleic acid (Codd gt al., 1975),

The amount of linolenic acid in citrus seed oils,
especially that of Baladi orange (2.34%), is low, even halfr,
that of soybean o0il (5-11%). Such low linolenic acid could
be considered as an advantage, in view of the Treports that
~ the difficulties in oil refining and the inability of comp-
lete eliminstion of taste, as in case of Soybean o0il, ig
associated with high linolenic acld content of o1l (wolr
and Cowan, 1975).

Unsaponifiable mat%er.

Unsaponifiable na er as deflned in the afficial and
tentative methods of 95. American 011 Chemlsts Society is



e

RIS

4.14, Coggosition in unsaponifiable matter ag determined
by GLC anglysis:

Unsaponifiable matter as defined in the official and
tentative methods of the American 0il Chemists Socliety is
"those substances frequently found dissolved naturally
in fats and o0ils which cannot be saponifiable by the
caustic alkaline, but are soluble in the ordinary fat
solvents, Included are the higher aliphatic alcohols,
sterols, pigments and hydrocarbons (Mehilenbracher, 1960).

The unsaponifiable matter of citrus seed oils uander
investigation were identified Using gas chromatographic
technigue an& relative pPercentage of each compound geparatsd
vas calculated as illustrated in table (27). Different num—
ber of peaks were present in chromatograms of each of the
citrus seed oils, 33 peaks in that for bitter orange seed
oils, 31 peaks in that for mandarin seed oil and 27 peaks in
that for Baladi oTange seed oil (Fig. 14, 15, 16). However,
only 18 compounds were identified in gl1 chromatograms accord-
ing to their relative retention time. On the other hand, some
Peaks were not identified which were 16 unknown compounds in
chromatograms of bitter orange seed oil, 13 in that for manda-
rin seed oil, and only 9 ia that of Baladi orange seed oil.
Total unknown compounds constituted about 7.72, 4.29 and 18.56%
of total unsaponifiable matter in olls of Baladi, bitter orange
magndarin seeds, respectively. The percentage of any indivi-~
dual-unknown compound did not exceed 0.66% of total comstituents
of bitter orange seed oil. However, with the other two seed
oils, some unknown compeunds constituted a higher percentage

than those unknowns in bitter orange seed oll.
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Total hydrocarbons constituted a range of 53.4-65.4% of
total components with Baladl orange seed oil having the highest
margin while mandarin and bitter orange oils had
comparable content of an . average of 53.5%. The major
hydrocarbon compound in all oils was n-tricosane (023)

which constituted 32.3% in Baladi orange, 32.99% in bitter
orange, and only 7.69% in mandarin seed oils. The other
identified hydrocarbons were present in smaller councent—
rations. In all oils,n-docosane (027) was in second order
of abundance constituting, 6.03%, 7.37 and 6.09% in oils
of Baladi orange, bitter orange and mandarin seeds. More-
over, squalene, a major hydrocarbon in many edible oils,
was present in amounts of O.44, 1.26 and 2.15% in oils of
Baladi, bitter orange and mandarin seeds, respectively.

It should be noted that nearly all oils contain squalene,
aad olive oil has been reported to contain highsr content

of it than other oils (Jacobs, 1962).

Amount of other hydrocarbons, did not exceed more
than 2 % of components, except Ci6+ clB' Cog0 021, 050 in
Baladi orange, 021 in bitter orange and 016' 018, 020 and
Coy in mandarin seed oil.

Expressed in terms of peak area, sterols were present
in proportion of 34.6~-46.6% of the total unsaponifiable mat-
ter of citrus seed oil. Sterols which are found in all edible

fats and oils were present in comparable concentration in
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bitter orange and mandarin seeds oils (46 and 46.6%,
respectively) while Baladi orange 0il had lower proportion
(34.6% of total unsaponifiable matter). In all citrus
seed oils,sterols were fractionated into four main cons-
tituents which were, in order of decreasing abundance, B-
sitosterol, campsterol, stigmasterol and cholestercl. B~
sitosterol was the major sterol compound, aad amounted
42.6, 40.68 and 32.42% of ungaponifiable matter in seed
oils of mandarin, bitter oraage and Baladi orange, respec—
tively.

Although citrus seed olls showed variation in content
of B-sitosterol, especially Baladi orange oil compared with
the other two seed oils, they showed less variation with
respect to the relative contribution of B-sitosterol to total
sterol compounds, with the highest proportion 1n Baladl orange
seed 0il (93.9%) as compared to the others (91.4 and 88.5%
of sterol separated from oils of mandarin and bitter orange
seeds, respectively) (Table 28). Campsterol constituted high-
er proportion of sterols of bitter orange seed oil (10%)
compared to those of mandarin and Baladi orange (6.6 and 5.5%
of total sterocls). Stigmasterol constituted 2% of sterols of
seed 0il mapdarin and only 0.6% in both seed oils of Baladi

and bitter orange.




Table 28 - Total and relative percentage of sterol

compounds present in some citrus seed oils.

Baladi Bitter Mandarin
Conpounds oS0 onange  soed ob)
Cholesterol Traces - 0.9 - Traces
Campsterol 5.5 10.0 6.6
Stigmasterol . 0.6 0.6 2.0
B-sitosterol 93.9 §8.5 91.4

Total phytosterols 100.0 99.10 100.0
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Cholesterol was only detected in very small pro-
portion in oil of bitter orange seeds constituting 0.44%
of unsaponifiable matter and about 0.9% of total sterol
compounds in oils. However, it was found as traces in
the other two seed oils. Cholestercl is assumed to be a
characteristic. of animal fat while phytosterol, mainly
sitosterol, is the sterol characteristic of vegetable oils
and fats (Mehlenbacher 1960; Jacobs, 1962).

Results of the present study are comparsble to these
of Barroso et al. (1972) who found also the three sterol
detected in our studies in grapefruit seed oil where B-sito-
sterol, campsterol and stigmasterol counstituted 90.1, 7.4
and 2:5%. respectively.

Moreovers, the found result are in close agreement
with those of Tortosa gt al. (1977) who found the sterol
fraction of citrus seed oil to contain 79-86% B-sitosterol

in addition to campsterol, stigmasterol and cholesterol.

Analysis of sterols preseat in other seed oils indicate
that B-sitosterol coastitute an average values of 72.9, 8l.9
and 96.2% of sterol compounds of oils of soybean, safflower
and cotton seed. (Barroso et al., 1972). Cotton seed oil waa'
found not to contain stigmasterol while safflower and soybean
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olls contained as average of 5.6 and 12.5%.

It should be mentioned that ¥ -sitosterol was repor-
ted in edible oils but it was not detected in the present
study. Moreover, tocopherol was not detected although
Tortosa ot al. (1977) reported a low value for them in

citrus seed oils.

All data collected in the present study lead to con-
clude that citrus seed oils could be considered edible ones,
as previously suggested by Braverman (1949) Patekh et al.
(1959). Moreover, its rather high linoleic acid content,
similar to corn oil and sunflower oil adovocate it as a suit-
able dietary fat, especially in conditions of heart disease
and high blood cholesterol levels. However, another uses
cag be created as they may serve as a potential in drying oil
industries i.e. in paints, varnishes, linoleum, prioting ink,
etc. Moreover, their fatty acids could be used for manufac-—

turing soap, as previously suggested by Srinivagara aed Gogte 1974).
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Part V. Characterization of citrus seed meal:

In view of exploring the potentigl of citrus
in providing high protein material, the present work
was planned analyse different kinds of citrus seeds,
after and before fixed oil extraction, to be utilized
as safe source for nutritious food or feed. For such
purpose, seeds were collected from by-products, washed,
air dried and ground and prepared to provide whole seed
meal, defatted seed meal, dehulled seed meal (kernels) and
seed hulls.

Evaluation of citrus seed meals and seed components
included the determination of proximaste chemical compo-
sition,crude fiber and mineral content and soluble protvein

classes or fractions.

4.15. Amount of seed recovered from citrus by-products:

As illustrated in table 29, amount of seed differed
with kind of citrus fruits and ranged between 0.5«6.8% of
fresh weight. The greatest amount was found in
bitter orange,by-products (6.8% of fresh weight) Mandarin
contained higherﬂnmounts than oranges (4.5 vs. 2%) while
grapefruit showed very small seéed content (0.53% of fresh

woight). Ammermammet al. (1963) reported comparable seed
contents (1.8-8.3% seeds).
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Despite kind of fruit, seed had comparable vaglues
for moisture content. Kernel constituted about 69,0-72.8%

while hulls constituted 27+24-31% of seed weight. These
proportions are slightly different than those reported by

- Youssef (1980) that hulls of seeds of Various Egyptian

citrus cultures formed 36-43% while kernels constituted 55-~62%.

Mandarin seeds Showed slightly hizher kernels and lower
hulls than other citrus seeds. Data of weizht of 100 seeds
or their components indicated that aifferent fruit were ar-
Tanged on a decreasinz order. from the point of seed weight
as grapefruit, Baladi orangze, mandarin and finelly bitter
orange. The presence of small proportion of seeds in grape-
fruit variety tested, inspite of their biz-er size, would
render their separation from by-proaducts not feasible under
practical conditions, and therefore, they ware not analyzed

or prepared into meals as practicea with seeds of other citrus.,

4.16, Chemical composition of whole seed meals and compo=-

nents of seeds:

Chemical analysis of whole and dehulled seed meals
(Table 30) indicated that crude oil constituted the major
component which ranzed between 36-38.19% of dry weizht of
whole seed meals where bitter orange seed had the hizhest
amount over those of other citrus. Crude protein consti-
tuted the second éomponent with respect toramount as well
as importance where it ranged from 11.83-16.22% of dry
weight. In order of decreasing abundance, amount of crude
protein -in whole seed meal, dehulled meal or kermels and
hulls, were present is mandarin, Baladi orangze and bitter

oranze. Dehnlled meals or kernels contained higher content
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of 0il (31.56-39.98%) and also crude protein (18.73-
19.68%) due to the small content of these components
in hulils.

Carbohydratesy mainly crude fiber, represeated
the,domponent in the third order from the point of
amount, 1n whole meals carbohydrates ranged from 12.88-
27.03, while crude fiber ranged from 11.91-15.87%.
Bitter orange whole seed had the highest amount of both
components while that of Baladi orange contained the
1owest amount » Dehulling of seeds resulted in decreas—
ing crude fiber content in dehulled meals(or ke rne 18)
which ranged from 2.09 to 4.64% of dry weight.

Ash content in whole seed meals ranged from 2.24 %o
%.08%, whole seeds of Baladi orange and mandarin contained
comparable amount of ash (3.08 vs. 3.03%) but ash was much
lower in bitter orange seed (2.24% dry weight). Slight
higher amountsof ash were present in kernels ,mostly due
lower ash comtent in hulls.

’

With regard to hulls left after preparation of de-
hulled meals, they contained higher amounts of crude fiber
(30.40-38.12%) falr amount of crude protein (4.50-6.58%)
and ash (1.71-2.95%) but low oil content (1.80~4.05). Hulls
of Baladi orange seeds, in particular,contained the high-
est content of crndi"protéin, ether extract and ash, but
the lowest content in fiber compared to other hulls.
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of
Comparison/the obtained data with those in litera-

ture reveals close agreement with results of Ammermann

et al. (1963) who indicated that dried citrus seeds con-
tained (on 90% dry wmatter basis) 40-5%Aéther extract,
14.6% crude protein, 19.7% carbohydrates, 12.1% crude
fiber and 3.1% gsh. In contrast to our results, Youssef
(1980) reported much lower values in most constituents

of citrus seed (protein, 4.0-i.4% ,88h 2.0-2.8% cruge
fiber 4.0-4.4%} Furthermore, he reported comparable con-
tent of oil (24.3-38.6%) gnd higher content in carbohyd-
rates (51.2-65.1%). However, he did not indicate whether
‘these obtained values were calculated on as is basis or dry

matter basis.

4.17. Chemical é.nalxs‘is of defatted seed meals:

Removal of fixed oils from seed press.cake or whole
seed meal resulted in increasing concentration of other
nutritents,except moisture (Table 31). Defatted meals con~
tained 7.35-8.94% moisture instead of 2071-34 .70 % moisture
in whole meals of air dried seeds. In Wandarin, Baladi
orange and bitter orange defatted Beals crude protein con-
tent reached 18.76, 17.55 and 15.33%, respectively, ash
Tepresented 4.18, 3.88 and 3.2% of dry weight, respectively.
while crude fiber of defatted meals of whole seeds consti-—
tuted 18.17, 16.01 wad 19.356%, respectively. The lower
protein content in bitter orange meal is related to its
higher conteat of total carbohydrates, .especially crude fiber.
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4.18. Mineral content of whole citrus seed megls and
components of seeds:

Mineral analysis included the spectrophotometeric
" determination of phosphorus ani determination of Na, Ca,
Mg, Ky, Cu, Mn and Zn by flame atomic abosorption spec-

troscopy (Table 32).

From the point of availability of mineral elemeats
in all whole seed meals they were ranked, in a decreasing
order of abundance, as K, Ca, Na, Mg, 4n, Mn, Cu and P.
Ehe;only exception for such order was found in mandarin
whole seed meal and also its seed kernels, where Mg ranked
the third instead of Na, which ranked, in turn, the fourth
from the point of abundance. Seed kernels and hulls of
all fruit éeeds exhibited the same trend of the order of
mineral concentration, except that, sometimes Na was found
either lower or higher than Mg. Hulls from all seeds
showed distinctive higher concentration in Ca than dehulled

meals or kernels.

In general, wineral matter in seeds of Baladi orange
or mandarin’ were gimost higher than those present in bitter
orange seeds. Data of mineral analysis correlated with
those of ash comtemt (Table 30 and 31). Although the three
citrus seeds did ut differ in the general gradual order
of mineral distrid@kion, they varied greatly with regard
to concentration”a'é each of these minerals. Such variation
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might reflect the difference in mineral uptake of
differeat citrus fruits during growth period which
is certainly influenced by location, environmentgl
conditlons and different agricultural practices.
Among these factors, fertilization, especially nitro-
gen and calcium or phosphate fertilizers, have beeﬁ
reported to influence greatly the mineral content
(Harris and Karmas, 1975). Literature relating to
such effect and in relation to effect of 30il are

voluminous agnd generally contrsdictory.

There is lgck of literature concerning religble
qQuantitative determination of mineral matter of citrus
seed meals so as to be Compared with our data. However,
Gallarati and Lanza (1973), Kamel et al. (1982) men-
tioned that they contain appreciable amounts of Ca, Mg,
K, Mo, Cu, Zn and P. Result of the present study indi-
cate also such trend, except for content of P which ap-
Peared to be very low. The observed higher Ca conteat
in seed hulls than kernels could be explained on gimilar
basis to the’ findings of Verma et al. (1964) that seed
coats of various plant seeds contain high Ca content
which is in the pectate form.

The raconnandld daily allowance for humans is estag~
blished for only five minerals (NAS, 1974) while mineral
- requiremeat are catqblishad for Ca, Mg, Fe, Zn, Cu and I
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(FAO,1974). It seem that consumption as small as about
100 g of each citrus seed meal would satisfy the daily
recommended allowggce and, in turn, requirements for Mg
(4-100 mg/day), Cu (1.3-2 mg/day), Ca (400-500 mg/day)
for infants) while probably 250-300 g of these meals per
day would be sufficient to provide requirements for 'Zn
(6 mg/day).

These results would prove that citrus seed meals
Contain appreciable amounts of minerals and that could be
used as a good source for these minerals in human foods

as well as animal feeds (Glasscock et al., 1950).

4,19, Glassif;ggtion of citrus seed proteins:

The classical Osborne classification of unheated
whole flour proteins into gemeral classes, on the basis
of solubility, (Osborne and Mendel, 1914) was carried out
Yo provide information of nature of proteins present in
citrus seed meals. Such information is valuable upon
further extraction of these proteins to prepare protein
| products agd'to know?“estimate the nutritional value of
these proteins frem the point of amino acid make-up as each
protein fraction is known to be characterized with special

amino acid conposition.
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Results of fractionating proteins of defatted citrus
meals based on their solubility in different extraction sys-
tems are presented in Tables 33, 3%, and 35, The majority
of soluble proteins in citrus seeds were globulins, which
represented 43.54 and 35.58 of total proteins of orange and
mandarin seeds, respectively. Albumins constituted the se-
cond major class (18.19 and 24.04, respectively) while glute-
lins were the third fraction from the point of abundance and
amounted to 8.98 and 11.55, of total proteins, respectively.
In contrast the'major class in bitter orange seed protein
was glutelins while globulins and albumins were in the se-
cond and the third position. Prolamins were the least frac-—
tion in all the three kinds of seeds which was present in
trace amount in orange seeds and reached %#.72, 3.62% and
traces total proteins in those of mandarin and bitter orange

and Baladi orange, respectively.

The observad variation in percentage contribution of |
different protein classes in proteins of different seeds i&
function to kimd of fruit (Fig. 17) would contribute to the
difference in amino acid composition of seeds of different
kind of cibtrus as previously indicated by Braddock and Kes-

terson (1972).
It should be mentioned that the albumin fraction does

not contain only the water soluble proteins, since salt,

naturally present in seeds would solublize globulins.
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Besides, this fraction contained alsc the non-protein
nitrogenous constituents which amounted 16.92, 12.26
and 5.04% 6f total seed proteins of oranges, mandarin
and bilteT orange, respectively. Non-protein nitrogenous
substances include free amino acid, peptides, nitrogen
bases which do not precipitate upon using 10% TCA

solution.

Results of protein fractionation intc classes indi-
cate that sbout 75% of proteins of citrus seed meals are
readily extractable as were solublized in the various sol-
vents utilized. However, about 23-25% of proteins were'
found unsoluble gnd were present in residue after the
successive extraction, probably as a result of physical
Phenomena caused by protein-starch matrix configuration
of seed (Skoch gt al., 1970). Moreover, of these residual
proteins in meals are those that are denatured or conju-
gated with different non-protein groups coastituting glu- 
coproteins,lipopfoteins, chromoproteins and others.
Furthermore, high content of fiber bodies, as shown in
Tables 30 gand 31 could, by occluding proteins, prevent

. their extraction.

For the best of our knowledge, any data concerning
nature or clasaifiﬁntion of proteins of citrus seed meals
are lsacking. Thaijtore. the present results would encourage
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research in this field so as to provide further in-

formation of protein of ¢itrus seed to be utilized in

..+ M8AY edible uses by tumans as well as by animals as

feed.

Results of the preseat part indicate that pos;
sible nutritious meals could be prepared in different
form (whole, defatted or dehulled) gs processing faci-
lities are available in citrus manufacture plants.

About 887 kg of whole seed meal would be produced daily
while if o0il is extracted about 754 kg of defatted meal
will be obtained daily from by-products of Kgha Company
Egypt (11 ton of by-products are produced from 20 ton
citrus processed daily in the season). Methods for sepag-
ration ang milling of citrus seeds have been developed
(Nolte and Von Loesecke 1940, BEckey, 1954, Teles et al.,
1972). Deriggers et al. (1951) reported a procedure for
removal of bitter factor present in citrus seed meals.
Citrus seed meals were found safe and of high outritional
value in animal rations (Glasscock et al., 1950; Deriggers
et al-, 1951, Ammermann et al., 1963).



