Effect of Canning and Storage on Ascorbic Acid and Ks
Oxidation Products of Kinnow Juice
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The effect of processing methaods and stozage on the quality of canned
kinnow julce wag investigated. The juice was processsd by exhavsting
and water Bath heating for 5, 10, aod 20 minutes at 212°F. 6 well ag
by deserating and flash pasteurizing. The products were stored for
270 days. Reduced ascorbic aeid decreassd duriog canning in all the
produocts. The rate of its change remained irregular throughont the
storage period. The dehypdromscorblc acid increesed during canning
and decrsagsed to zerc after 15 days of storage in all the products.
The diketogulonic acid decreased to zern after catining. The Comtents
incrensed rapidly during the first weck, and remaived rregular upto
270 days of storsge in all the products. The total ascorbic acid
decreased during canming cperation. Duriog storage, the rate of its
thangs remained irregular Auring the first month and later it
gpracuglly decreased as the storage perind enhanced.  As regards quality,
the fresh as well as the juice processed Yy deacration eod flash
pasteurization was judged significantly better than those processed
for 5. 10, and 20 minutes in water bath.,

INTRODTICTION

The importance of citrus fruits is due to their being rich in ascorbic acid,
other vitamins and also mineral matter. They are a rich source of pectin
and citric acid.

Kinnow fruit is available in plenty duting plut season. Bui the fruit
cannot be made available over a longer period unless low temperature storage
is carried out. Canning is one of the feasible methods for loag storage of the
juice but no effort has so far been made to study the suitability of kinnow
juice for canning and to determine the effect of various processing treatments
on its quality as well as on its storage stability. During processing and storage
of citrus juices, exidation of ascorbic acid always takes place, thereby reducing
the ascorbic acid contents.  The loss in quality of canned juices can be measured
in terms of Ioss of ascorbic acid.  The quality of citrus juices during processing
and storage can well be obtained by determining the ascorbic acid contents and
its oxidation products as well as by organoleptic evaluation of the juices. The
object of the present study was to determine suitability of kinnow juice for
canning and to measure the loss in quality by determining ascorbic acid and
its oxidation products during storage of the canned products.
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REVIEW OF LITERATURE

Mocre er of. {1945) found that at 40°F. the ascorbic ecid retention in
Flotida citrus juices ranged from 96.3 to 99.0 per cent during the week while
at 70°F. it was from 97.0 to 98.5 per cent for 3 days. Widerhold ef af (1945)
fioted the retention of vitamin C to be related to methods used in prepaiing com-
metcial citrus juices. They observed good retention in the absence of copper,
Guerrant er al. {1945) suggested that the vitamin contents of cagned foods were
preserved most effectively at storage terperature ranging just above the freezing
point of respective food to approXimately 42°F. Mills er al. (1949) observed
that processed foods contained more of the oxidised forms of ascorbic acid
and dehydrated foods showed the greatest amount of the inactive diketogulonic
acid. It was found by Diterich er af. (1957} that the difference in stability of
ascorbic acid (ASA), dehydroascorbic acid (DHA) and diketogulonic acid
{DKA) in frozen green beans, pears, caulifiower may be due to pH differences
of these commodities, Guadegni er af, (1957) while studying time-temperatire
tolerance of frozen strawberries reported the accumulation of oxidative products
of ascorbic acid (DHA and DKA) during storage at elevated temperatures,
Hopp (1963) found that storage period of 10-25 weeks was sufficient to meke
the rate of loss of vitamin ' content significant in winter fruit squash, Dimair
end Poste] (1964) observed that degradation of ascorbic acid required oxygen

and it was accelerated by heavy metals [Cu2+ and F=3+} and by certain
oxidative enzymes. Spanyar e/ af. (1964) worked on the role of hydrogen
peroxide (HzO2) in the decomposition of ascorbic acid. They stated that copper
may catalyse decomposition of ascorbic acid to mono-dehydrogscorbic acid
and this compound may be decomposed by Hi0y to dehydroascorbic acid.
Zolotova (1953) observed that when Mandarin orange and {omato juices
were {reated for 2 minutes with ultrasonic vibration, the vitamin C concentration
decreased by 19.7 and 24.4 per cent, respectively.  Mitchell (1957) while studying
the problems in taste difference testing found that the Tuesdey was the best day
for testing taste during the week, Baker (1965) in an investigation showed that
the comparative rating method would give more stable results than the scori ng

method,
MATERIAL AND METHODS

The fruit of kinnow mandaring was theroughly washed, cut into halves,
and the juice from ¢ach half was extracted by a Rose-head machine. The juice
was then filtered first through coarse Pulper and then throush a fine pulper.

Canning of the Julce

For processing and canning, the juice was divided into two Jots and
treated as follows:
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Lot No. 1. The juice was filled into Mo, 2 plain tin cans leaving § inch
head space. The cans were then exhausted to a ceniral can temperature of
190°F. and sealed. Different lots were then processed in water for 3, 10 apnd 20
minutes at 212°F. respectively, and the cans were cooled to 100°F. ib running
¢old water.

Lot No. 2. The juice was deaerated and flash pasteurised by means of
a lshoratory-scale glass apparatus, as is shown ia Fig. 1, using vacuum puinp

JUICE INLET

ITEAM INLET
PASTEIRISED

THERMCMETER, o~ || TVICE oUTLET

Fig. |, —Laboratory apparatus for deacrating and flash pastetursing of juice.
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and glass condensers. ‘The juice running through the condensers was heated by
live steam to an outlet temperature of 190—200°F, The juice was fillad into
Mo, 2 plain tin cans, leaving § inch head space. The cang were immediately
sealed at a temperature of 180—185°F, and then cooled in running cold water,

The canned products were stored at room temperature for 270 days,
The fresh as well as canned juice under each treatment was analysed chernically
after canning and storage of the products for 7, 15, 30, 60, 90, 180, and 270
days.
Chemical Methods

Reduced ascorbic acid (ASA), dehydroascorbic acid (DHA), and
diketogulonic acid (DKA) were determined by the procedure of Roe er af,
(1948) using Klett-Summerson photoelectric colorimeter, In this procedure,
the filterate from (he juice acidified with 5 per cent metaphosphoric acid and
10 per cent acetic acid solution was treated with H:S gas to reduce dehydro-
ascorbic acid (DHA) to reduced ascorbic acid (ASA) and €O, was bubbled
through it to remove excess H;5. Diketogulonic acid (DK A) was obtained by
direct coupling with 2, 4-dinitrophenylhvdrazing (ONPH)Y. Thiourea was added
to prevent oxidation of ASA., Dehydroascorbic acid and DKA were deter-
mined on & second portion of filterate by coupling with DNPH. After this
the total of ASA, DHA and DKA was determined on a third portion of the
filterate hy oxidizing reduced ASA with m slight excess of bromine and then
coupling with DNPH after removing excess bromine by seration. The con-
centtation of each component in the sample was determined from the standard

curve after proper subtraction.
Organoleptic Evaluation

The canned juices under each treatment were evaluated organoleptically
for colour, taste, and flavour Iagainst the standard sample, which was fresh
iuice, by scoringmethod as deseribed by Krum (1955).  Thejuices were evaluated
organoleptically after 270 days of storage period by a panel of 10 trained judges
who were presented the samples in randomised order.

RESULTS AND DISCUSSION
The date regarding the effect of processing methods as well as storage
on ascorbic acid, its oxidation products and quality evaluation are illustrated
in Fig. 2, 3, 4, 5 and Tabls 1.
EFFECT OF CANNING AND STORAGE ON DIFFERENT
CONSTITUENTS

1. Ascorbic acid apd its oxidation products
(1) Redoced nscorblc acld (ABA). The fresh juice confained 23.5 mg
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ASA/100 mi of juice and during canning it 15 observed that the vatues decreased
in the products under all treatments. Figure 2 shows thut a slight decrease
in the ASA contents occurred after 7 days of storage. On further storageup to
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Figurs 2. Effect of storage on ascorbic acid (ASA) Content of canned kinnow juice
_ processed under different treatments.

30 days the ASA increased slightly and the values between 13.4 and 22.5 mgf
100 mi. of the juice were obscrved, After this period a decréase was again
noted in the products processed for different periods.

During storage period initially the contents slightly decreased and then
an abrupt increase was observed in the first month. This initial decrease
in ASA contents may be due to the oxidation of ASA to DHA by the oxygen
present in the head space of the cans as well as mixed with the juice. The
regeneration of ASA as observed after 15 days of storape may be doe to the
hydrogenation of IDHA either by hydrogen donors present in the juice or by
conversion of sugars and pectin to L-ascorbic acid as deseribed by Loewns
{1961). After 30 days, again the decrease was noted for the rest of the
storage period. The values after 270 days of storages were observed to ba
hetween 17.0 and 18.0 mgf100 ml. of juice. The statistical anaiysis showed
that the treatments as well as the storage durations had non-significant effect
on ascorbic acid changes, .

(2) Dehydroascorhic acid (DHA). The initizl DHA contents of the
fresh juice were 6.5 mg/100 mlL of juice. After canning the contents increased
more in the case of juices processed for 10 and 20 minutes as compared to that
processed for 5 minutes as well az denerated and fask pasteurized. The
contents were observed between 7.5 and 10.0 mg/100 ml. ol the jusce. The heat
involved during processing of jnice has been one of the factors responsibie foy
the incresss in the DHA contents after canning, It has been obseryed that as
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the processing time increased the rate of loss of DHA decreased. In the rase
of flash pasteurization though the temperature was higher but the time for which
the juice was exposed to this higher temperature was less. Therefore, lesser
losses of DHA have been observed in this case,

The DHA contents of the products decreased on 7 days of storage and
the contents have been found to be between 1,25 and 3.00 mg/100 ml. of juice,
while after this period the DHA became totally absent, The data presented in
Figure 3 indicats a rapid dzcrease in DHA after canning and the values totally
reduced to zero on storage for 13 days in all the products,
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Figwe 3, Effect of storage on debvdroascorbic acid (DHA) content of cahnad

Kinoow juice processed under different treatments.

It might therefors be possible that whatever DHA might have
accumulated may have been converted again to ASA due to hydrogenation.
It may also be possible that the oxidation of ASA was 5¢ rapid that whatever
PHA was formed was rapidly converted to DKA without any accumulation
of DHA, The statistical snalysis of the data for DHA indicated highly signifi-
cant values fot storape intervals. (TableI).

(3) Diketogulonle acld (DKA). The fresh juice contained 3.5 mg. of
DKA/100 ml. of juice, After canning no DKA was observed in the products,
The total absence of DK A after canning of the products by different treatments
may be cither due to the rapid réaction of DKA with other constituents of the
products under high heat treatment or the DKA might have converted to other
products by fragmentation of its carbon chain.

The data presented in Figure 4 indicate an abrupt increase of the values
under all treatments oa 15 days® storage, Up to 90 days the values remained
nearly constant, with slight variations, in the products under all treatments,
After this period a gradual decrease is shown in Figure 4 and after 180 day’s
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Figure 4. Effect of storage on dikctoguienic acid (DKA) Content of canped,
kinnow juice precessed undeor different treatmients.
storage the contents further decreased and the values ranged between 5.3 and
5.5 mg/100 ml. of juice, in all the cases. The contents then slightly increased
upte 270 days of storage.

The conversion of DXKA into other metabolic ptoducts might be one
of the factors for bringing about the decrease in DKA contents. DKA cap
also undergo fragmentation of its carbon chain as stated by Mills e ai. {1949},

The statistical analysis of the data showed non-significant effect of
processing methods bui the storage intervals had highly significant effect on
DKA contents. {Table I).

TapLe |, Mear Valies for Gxidution Producis in Canncd Einnow
Juice for Storege Ftervals.

Mean value of

Storage Tntervals

DHA DKA  ASA+DHA-LDKA®
L] oo 3,034 £ 29.37
7 o 1.976 8.33 ao.an
15 . . 9.561 29.57
30 o S G.507 ag. 15
60 L = 10,27 30.0
a0 i s 10,07 27.71
180 .. 0.BR45 5.40 24 .95
270 it =5 5.77 23.02
Last Significant difference
at 5 per cent level . 0,442 1.43 [.66°
at 1 per cent level. .. 0.670 i.96 2.9

*ASA=Reduced ascorbic acid; DHA=Dchydroascorbic aeid; and
PEA=diketopulonic acid.



EirECcT OF CANNING AND SToRring KiNnow JUICk 247

(4) Total ascorbic ackd (ASA+DHADRA). The data on total
ascorbic acid contents of canned kinnow juice processed under different treat-
ments are illustrated in Figure 5. During canning it was observed that a
decrease in total ascorbic acid occurred.  The fresh juice contained 33,5 mg/100
ml. of juice,
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Figurc 5. Effect of storage on ascorbid acid {ASAY+ Dehydroascorbic eeld (DHA) 4+

Diketogulonic acid (DEA) content of canned kinnew juice proccased under
differant treatments.

During storage up to 15 days a slight decrease occurred in the total
ascorbic acid contents of the products processed for different periods. In
case of deaerated and flash pasteurized product an increase in the valves was
shown and the contents were 31.25 mg/100 ml of juice. Between 15 and
30 days of storege, a slipht increase in the total ascorbic acid was observed in
the products under all the treatments. After this as shown in Figure 5 total
ascorbic acld gradually started decreasing throughout the rest of the storage
period. After 270 days, the contents were almost the same in all the products
and the values were found to be between 23.0 and 23,125 mg/100 ml, of juice,
The statistical analysis of the data showed that the effects of processing
roethods and storage intervals on total ascorbic acid were highly sigoificant
{Table 1.)

2. - Orgapoleptic evalnation

The overall effect of canning and sterage of the products for 270 days at
room temperature was highly significant on the acceptability of canned juice
The fresh juice as well ms the juice processed by deaeration and flash
pasteurization were judged as significently better than those processed for 3,
10 and 20 minutes. ;
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