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ABSTRACT: Ormom catrus fruits were analysed Tor thewr Visanun O (ascorbie aod AA ) content by a titeation rethod nvaol ving
N-bromosuccinmmide (NBS) a5 an oxidising agent and by high performance hqud chromatography  Vitamn C content was
also determuncd after storage af different temperatures Vitarmn C contents of the fruits were found to hie within the values

reported i e iterature

C itrus is a genus of about sixteen species of which en
are commercially grown for their edible fruns. Some
of the citrus plants grown locally in Oman include lime
(Citrus aurantifolia), sweet orange (Citrus sinensis), sour
orange (Citrus aurantium 1), mandann (Citrus nobilis),
lemon (Citrus limon) and grapefruit (Citrus paradss),

Thé compaosition of ¢itrus fruits vares with cultvar,
chimate. rootstock and cultural practices (Albngo and
Davies, 1994)., Mos! citrus fruits, like other fruits, are
primarily made up of water, but alse contamn over 400
other constituents  including moderate
carbohydrates, organic acids, amino acids, ascorbic acid
{(vitamin C) and mmerals (Albngo and Dawvies, 1994),
Much of the increase m orange juice consumplion 1s
linked to the potential health-related benefits of the juice
{(Nagay and Attaway, 1980). Consumers of the 1990's are
mterested in low fat, high muneral and vitanmun C sources
of food.

Vitamin € is the most important water soluble
vitamun in ciirus fronts {Ting and Rouseff, [98]). Tt s

one of the simplest vitamins being a lactone of a sugar
It 15 a strong reducing agent, readily losing hydrogen to
form dehydroascorbic acid (Lehninger, 1975), Ascorbic
Acid (AA) is required m the diet of the following few
vertebrates: monkeys, guinea pigs, frunt bats, humans and
some fishes. Some nsects and other imvertebrates also
require AA but most ligher plants and animals can
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synthesis it from glucose and other precursors using L-
gulonalactese oxidase enzyme (Emsley, 19935),

Prolonged lack of Vitamin C n the diet of humans
causes the well known disease, scurvy, while less severe
deficiency produces alteration n connective tissue
structure and may cause decreased resistance 1o infections
(Lehninger, [973). Humans need AA to make steroids,

Vitamin C is one of the antioxidants that eliminates
peroxides and free radicals and hence reduces the damage
from free radicals to the cells, such as premature ageing,
heart diseases, cataracts, arthntis and cancer ( Emsley,
1995). Scurvy can be prevented by as little as 20 mg of
AA per day, but there 1s evidence that as much as 60 mg
per day 15 required for complete normal physiological
function and well being (Tietz, 1956).

In this work the amount of vitamin C mm Omani citrus
fruits was determined. Vitamun C has previousiy been
determined mn citrus frutts but not from Oman, It has long
been known that the nutrient content of food vanes from
sample to sample and from source to source.
Furthermore, the amount of vitamin C in citrus frot 1s
known to be affected by nutrition and fertilisation
practices, with the fruit quality being greatly influenced
by the amount of N, P and K (Embleton er al, 1978). This
effect vanes from species to species, with sweet oranges
showing a greater response to N and P than lemons
{Embleton er af, 1978). As the amount of N increascs,
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fruit size, juice content and ascorbic acid level decreasc
(Davies and Albrigo 1994). The stability of AA in citrus
fruit juice stored at different temperatures was also
investigated. The storage at room lemperature was
included for comparison with that at refrigerator
temperature which is the normal domestic condition for
storage.

Experimental Procedure and Materials Used

Citrus fruits locally grown were purchased from the
Public Authority for Agricultural products in Ghala, All
chemicals used were of Analar grade and were obtained
from BDH Chenucals Ltd., Poole, England, HPLC grade
methanol was obtained form Fluka, England.

INSTRUMENTATION:; High Performance  Liquid
Chromatography (HPLC) system consisted of a Pye
Unicam Pu 4015 pump (Philips) with a Rheodyne Injector
(Berkeley California) fitted with a 23 pl sample loop.
Separation was carmed out on a reversed phase column
(10 wm , 250 x 4.6 mm 1.d.), using 60: 40% MeOH/H,O
as eluent ata flowrate of 1,0 mlmin. A Pye Unicam {Pu
(125, Philips) variable wavelength UV detector was used.
Chromatograms were recorded with a Pu 4810 computing
{ Philips) integrator,

Muethod

SAMPLE PrepapaTion: Fresh juice (200-250 ml) was
squeezed from the fresh fruit. Oxalic acid (1.2 g) was
added followed by sufficient filter aid to form a thin
paste, The paste was then filtered using a Buchner funnel
to obtain a clear juice.

Determination of Ascorbic Acid

TrrriMETRIC METHOD: Aliquots of frut jutce (3.00 ml)
were transferred into 2530 ml Erlenmeyer {lasks and were
titrated agamst standard NBS-selution (Kennedy 1984} to
a blue starch-1odine complex. The analysis was repeated
ten times and the mean value calculated. A blank birztion
was carmed out and was corrected for in the final volume.

HPLC METHOD: Pure ascorbie acid standards (20-100
ppm) were injeeted mnto the column, The maobile phase
(60: 40% MeOH/H,O) was degassed using a vacuum and
then passed through the column for at least 60 minutes o
equilibriate the column prior to injection. Detection was
carried out using 265 nm wavelength, 25 pl of the sample
were injected in all cases. The juice samples prepared as
described above were filtered with a 0.45 pm millipore
filter and 1njected on to the column as deseribed above for
the standards.

STABILITY OF VITAMIN C UNDER DIFFERENT STORAGE
coNpimions: The stability of vitamin € was determined
by storing the fresh juice at ambienl temperature on the
laboratory bench, in a refrigerator (102C) and in a freezer
(0=C), Samples were analysed afler 24 hours, one week
and three weeks. In all cases the juice was stored without
adding gxalic acid.

Results and Discussion

The concentration of AA in Omani citnis [ruits 15
relatively high especially in oranges, citrus s.p {an un-
identified citrus species) and lemons (Table 1), There
wag no gignificant difference in AA obtamed by the 1w
methods (e.g. 46.14 mg/100 ml for citrus sp. juice, 32.22
mg/ 100 mi for hme juiee (tnimetric method) and 47.00
me/ 100 ml for citrus sp, juce, 31,60 me/100 ml lime
(HPLL methad), respectively. The concentration of AA
in mandarin i5 close to that reported by Sawamera et al,
(1990) using HPLC with UV detection.. Vitamun C
content obtained for oranges (43 mg/100 ml) and for
leman (3% mg/100 ml) lies within the range reported by
Friedrch (1988), of 40-60 mg/ 100 m] for oranges and 40-
RO me/100 ml for lemon, respectively. All the values
reported  have an error of less than 1.0 % with the
coefficient of vanation ranging from L66% for oranges
and 0.78% for lemon.

The vitamuin C content reparted here is for samples
purchased by the housewife for consumption, and no
attempt was made to determine AA from citrus fruits
grown m various regions of the Sultanate; hence factors
such as pre or post harvest, choice of cultivars, cultural
practices, storage conditions and growing location were
not taken mto consideration, although such factors are
known to pliy 4 major role in vitamn € content.
Vanderslice er af, (1990) reported a large difference in
vitamin C content from Califormia navel orange purchased
from different supermarkets. This reflects the importance

TABLE 1

Ascorbic acid concentration in citrus frufis.

Fruits Ascorbie Acid Cene.
(g 100 ml)

Citrus sp, Juice 46

Orange 43

Lemon 39

Grapefruit 36

Mandarin 34

Lime 32
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TABLE 2

Ascorbic acid cantent after one week,

Fruit Orange Lemon Grapefroit Mandarin Lime
Sscorbic acid 41.0 370 32.0 330 29.0
mg/ 100 ml ar 07
Ascorbic acid at room lemp, 350 320 29.0 30.5 250
(g 100 ml)
TABLE 3

Ascorbic acid content after 24 hours,
Fruit Orange Lemaon Grapefruit Mandarm Limne
Ascorbic acid 43.0 380 3340 333 29.5
al 07 (mg/ 100 ml)
Azcorbic acid at room temp 380 350 3.0 325 28.0

{mg/ 100 ml)

of studyving wvitammin € content as a function of
¢nvironmental and storage conditions. (Mullin er al.
1991).

The Determination of AA concentration afier 24
hours at (=C and at room temperature revealed that the
best storage conditions for citrus fruit juice is at (b=
(Tables 2 and 3), I the fresh juice 1s left at room
temperature for 1 day 1l loses between 11-13% of 1t
vitamin C content. This 15 a typical result as vitarmin Cas
krnown to undergo air oxidation to dehydroascorbic geid
al room temperature,

Studies on the effect of tme and temperature
revealed that the loss of AA stored in the freezer
compartment for & week was only 4-6%, while a higher
loss of about 17-20% was obtamned for the juice stored al
room temperature (Tables 2 and 3). Similar results were
obtained by Maini and Attri (1995) for salt-treated lemon
juice stored at room temperature.  These results
substantiate the findings of Ammnuddin er af. (1932),
Heide (1960), and Scur and Rushing (1265) who reported
an increase in the loss of AA 1 citrus fruits with an
increase in storage time and temperature. Watada (1987)
reported a rapid loss of AA content at higher storage
temperature for leafy vepetables. For green beans the loss
was as much as 40% after a week at a storage temperature
af 10=C. The loss in vitanun C for fruits was not as high
as that of leafy tissues {(Watada, 1987) which 15 1n
agreement with the results reported here.  The results
obtained for the determination of vitamin C for the lemon
juice stored m a refrigerator (normal domestic storage
conditions) showed a continuous decrease in ascorbic acid
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Figure 1. Stability of AA in refrigerator,

content with time for a week with the loss amounting to
sbout 46% for the juice stored for 20 days in the
refrigerator (Figure 1),

This study shows that vitamin C content of citrus
fruits locally grown in Oman lies within the range
reported 1o the fiterature.
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