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Abstract

The present study was undertaken to evaluate the
suitability of navel orange fruits for the production of
compote and navel orange juice rich in juice sacs. Chemical,
physical and sensory characteristics as affected by some
technological treatments were evaluated. The effect of
calcium chloride, enzymatic treatments, juice sac and
storage period were also studied.

The results showed indicate that the utilization of
enzyme treatments improved the juice yield, chemical
composition and sensory attributes. The juice yield after
enzyme treatments approached that of balady orange juice.
Navel orange juice blended with the juice sacs was more
preferred by the paneltists. Monosaccharides were faster to
transfer from the solution into the compote compared to
other saccharides, in addition to having a rapid effect on
chemical, physical and sensory changes, while Ca++ ions
and the storage period had affected tissue firmness and
sensory characteristics.

INTRODUCTION

Orange fruits are considered as the most refreshing delioious and wholesome.
Their juices are rich in ascorbic acid, sugars, citric acid and minerals (£l-Ashwah et al.,
1975), who mentioned that balady orange at its maturity stage contain total acidity %
(as citric acid) 1.72, ascorbic acid (mg/100gm) 56.60 and B-carotene (mg/100gm)
0.194, which contributed to health promoting ingredients of the human diet. Most of
oranges cultivated in the A.R.E. are of the Wahington navel variety reaching about
114739 feddans, producing about 1008445 tons according to the statistical report of
the Ministry of Agriculture, Egypt, 2003. However the total areae of citrus was 204045
feddans. The Egyptians used to consume navel oranges generally in the fresh state
but not as single strength juice extracted therefrom. However an increasing lots of
packed fresh oranges are annually exported to different countries.

Application of enzymes is now being practised in the citrus processing industry
in order to increase the product yield, soluble solids recovery, lowering juice viscosity,
bitterness reduction which may affect the product qualities (Don Gowshi and
Sembries, 2001).
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Non-enzymatic browning of fruit slices during processing and storage is largely
due to the end products of the Maillard reaction having an important quality factor for
marketing, flavour, color and nutritional qualities. Reaction rates depend on
temperature, pH value, water activity, types of sugar such as sucrose, glucose and
fructose and other compounds (Raou/t-Wack, 1994).

The present study was carried out to produce compote from navel oranges and
to improve the yield of juice as well as the production of untraditional navel orange
juice rich in juice sacs.

MATERIALS AND METHODS
Materials:

Washington navel oranges (Citrus sinensis, osbock) used in this study were
obtained at the first week of Januray from a private orchaid in Sharkia governorate.
These trees were 18 years old, budded on sour orange stock (Gitrus Aurantium, L).
Ultra SPI enzyme (USP), Novo Nardish Switzarland.

Commercial sugars, Sucrose and glucose syrup were obtained from supermarket.

Methods:
1- Preparation of navel orange compote:

Fruits were washed, peeled, cut into segments, then the compote was prepared
as described in Fig 1. A solution of CaCl, at 0.5% was added to the compote samples
while another sample was left without treatment as a control.

2- Preparation of navel orange juice rich in juice Sacs:

At the same time the navel oranges were affected by enzyme treatments (USP
enzyme) and / or without the addition of enzyme. The juice sacs were added to the
juice sample, according to the flow sheet given in Fig. 1.
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Enzyme inactivation at 85°C
“Eor-15 min., cooled

filterated through cheese cloth, nylon cloth

Navel orange, juice produced

Packed in glass bottle

Additien-of (Lgm/L; sedinm benzoate, 50:mg/L. potassinm. sorbate)

- Stepjlizcd,,c:ooled by ta:lp”water

Stored at 5°C for 6 months
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Fig. 1. Flow sheet showing the preparation of navel orangé compote and juice sacs.
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Analytical methods:

Total soluble solids (T.S.S.) were determined using a digital refractometer. Total
titratable acidity as citric acid using 0.1 NaOH solution, pH value using a digital pH
meter, ascorbic acid by 2,6 dichlorophenolindophenol. B-carotene was determined by
spectrophotometer (Shimaidzu Japan), while reducing sugars as well as the total
sugars after inversion as described in the AOAC (1995_). Alcohol insoluble solids AIS
were obtained by boiling the sample in alcohol 95% at 70°C and washéd by acetone,
then dried in a drying oven.

Water soluble pectin WSP of the AIS was determined as anhydrogalacturonic
acid (AGA) using the methods of (Blumenkranz and Asboe-Hansant, 1973). Mineral
contents were determined after ashing using atomic absorption pye Unican
Spectrophotomatry Sp England (Kasai et al, 1997). The color index was measured
colorimetrically after extraction by ethyl alcohol 95% at 420 um. At the same time,
turbidity of solution was measured at 660um after centrifugation at 3500 r.p.m for 15
min. Juice yield and sugar/acid ratio using the system given by (Fuleki et al,, 1995).
Texture of orange compote was measured by Magness and Ballauf pressure tester
equipped with a plunger 15/16 inch. Sensory qualities as taste, color, flavour and
overall acceptability were evaluated as described by (Ayhan et al,, 2001). The sensory
data were statistically analyzed using the ANOVA procedure of the SPSS (SPSS, 1987).

RESULTS AND DISCUSSION

Some chemical constituent and physical properties of navel orange fruits:

Data in table (1) show that the navel orange fruits at commercial maturity stage
in the first week of January. possessed less total soluble solids (10.98%), total acidity
as citric acid (1.22%) and ascorbic acid (55.67 mg/ 100gm) in comparison to the
balady orange fruit, which contained 12.29%, 1.72% and 65.6 mg/100gm,
respectively according to (E/-Ashwah et al, 1975), harvested at December. Moreover,
navel orange fruits contained lower total, reducing and non-reducing sugars which
were 7.74%, 3.98% and 3.76% , respectively. However navel orange fruits had higher
pH value 3.70 and total soluble solids/ acid ratio (9:1) than that of balady orange fruit ‘
whichwere3.6and 7.2 : 1, respecﬁvely. ' ‘
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Table 1. Some chemical constituents and physical properties of fresh navel orange

fruits.

Components Navel
Juice yield% 33.81
Total soluble solids% 10.98
Total acidity% (as citric acid) y . " >
PH value _ 3.70
Ascorbic acid (mg/100gm) 55.67
B-carotene (mg/100gm) 0013
Total sugars % 7.74
Reducing sugars % 3.98
Non-reducing sugars% 3.76
Total soluble solids/ acid ratio 9:1
Ash % 0.495
Minerals (mg/100gm)
Na _ 0.7
P 135.09
K 20.31
ca 19.48
Mg 12.94

* El-Ashwah et al., 1975.

Navel orange fruit processing :
A- Navel orange compote:
1- Changes in some chemical and physical properties of solution of immersion
during storage.

From the results given in Table 2, it could be observed that the total soluble
solids decreased through 15 days storage as well as it was lower in glucose solution
compared to sucrose which may be due to the small molecular weight of glucose
being more faster to transfer from the solution into the fruit compared to the larger
melocular weight of sucrose. (Raoult- Wack, 1994). The interchange of total soluble
solids was rapid at the first stage of storage, afterwhich its level was constant until 40
days of storage, then slightly decreased which may be attributed to the Maillard
reaction. Total acidity as citric acid increased in all solutions except for orange juice
solution. The highest increase in sucrose solution than that of glucose, caused
autolysis and reaction between organic acid and glucose. These results agree with
those reported by Van-Dam et al, 1986, who mentioned that the browning reaction
was very active when glucose was present in the media. The increase in total acidity
of solution was reflected by the reduction of the pH value.
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2- Changes in The chemical and physlcal propertles of naval orange
cornpote dunng storage.

Table 3 revea]s that processmg caused high Iosses in the ascorblc acid content";
compared to the Ioss during storage at °SC. These losses could be due to the'
oxidation of ascorbic acid. Total sugars reached 4.41, 7 51, 908 and 763% in -
compote immersed in water, sucrose, glucose solutions once and naval orange Junce
through 7 days of storage The high sugar content of the compote could be attrbuted
to the faster soluble matters transfer from the solution into the Compote These
results agree with the findings of (Raoult- Wack, 1994). Reducing sugars content
steadly decreased . after 15 days of storage, while non-reducing sugars remamed
nearly constant. This indicates that glucose had the main role in react:ons takmg place‘ :
during storage. Prolonged storage as well as the type of lmmersmg soulutlon had an
affect on color of compte The best results of color in a decreasnng order were
observed in water, sucrose and naval orange juice solution, rspectwely

Table 2. Some chiemical and physical changes of immersing solution during storage of
navel orange compote at °5C. \

Solution of B Storage period of compote
Immersing | Parameters (days)
0 3 s 15| a5 |- -e0 -| -180-

TSS% 0.83 44 5.26 7.92 781 | 776 | 761
Water TA% 0.03 0.26 058 | 1088 u{onwsif 088 i|ioann

pH value 6.4 5.7 5.20 401 32 54D o R 1 fea2h
Sticrose © | TSS%' o 11337 HTCa1.84 10157 | 2is7 | 1323 132375 13.02
14% TA% 0.06 033 0.64 0.97 095 | 1093 | 0.90

T ARl - S - o T W Al 7 A e 5 W Y.
Glucose TSS% s 13.03 ’10.42"»7 816 " fo.?_o '13.2"6_" "'1‘3}1 Vizss
% |T% | oos | o2 | oss | oss Coss | om0 o
o lonvae | g4 | 52, | sas | a0 | 4 | an | 435
povel. | 755%, .| 1087 .| 2083 -| 1080 |. 1075 | 1075 | 1062} 10.51
ordhge’ | TA% oo a29 R 7 R 74 Las | 2430 | L07 7l 102:)
ST REICTE PR SPTY RN SR PRlR SR PR N P/ PR Y. Ik S ¥ BE Y.

WA i ¥ T2 HER = SN ISR NGRIN0Y 4tih

TSS Total soluble sohds

TA‘ Total acdrty as cxtnc aC|d
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Table 3. Some chemical constltuent; and physical properties of navel orange compote

_during storage at °5C. .

i

0 D Optlcal densnty at 420 um

Wi ' 1]

G

.Storage* |* Immersing '\'[ - Ascorbic add ' Total Reducing ' Non- : | Colorindex
*_petiod . solution |+ mar100g | sigars % | sugars% | Reduding’ (0.0)
days) ars %
(1 pleiiy Water - 4231, 1750 3.85 365 '0.002
suaose | . 4027 7.85 3.97 375 0.003
. Glucose 40.03 786 42 345 0.003
Orange juice _ 5050 %< | 7.60 395 . 370 0.005
< Water 4031 | - 6.73 3,42 5.31 0.002
Siicrose! 39.27 8.14 395 4.5 0.003
Gliicose 39.03 9.60 5.85 370 0.004
_Orange jlice _ 48.00 7.69 3.93 3.70 0.005
7 Water 40.00 5.81 3.2 2.59 0.002
Sucrose 39.01 8.51 3.83 478 0.003
Glucose 39.00 10.08 338 32 0.004
B ,(Iilr;ngejmc_ev by 4751 -_,7_._53, oo 00 W21 0.005
5 Water 40.000 471 252 2.29 0.002.
Sucrose 39.00 8.56 387 a8 | 0003
“ Gucose 39,00 103 | 653 3.877 0.004
Orange juice 4742 7.03 3.63 340 | ows
00 | o water 3968 o4 252 c2190 1 0002
Sticrose 38.70 8.47 3.63 486 0.004
* Gliicose 3831 9.3 543 3.80 0.009°
Ofange juice 4547 ..6.93 343 3.40 0.007
180 Water 38.54 465 2.56 315 0:003
Sucrose L7700 WY~ PP S SO, 9 L0007 ..
Glucose 3570 9.09 532 3.77 0.019
™ Orange juice ' 1 4230:' NN Y 338

0.020

3- Eﬁect of -lcmm dtlpnde CaCI; on compote qualltles and ﬂ\elr solutlons-

« .Pectic: substancescare ' considered ':among the ' main rconstituents: of-aleohol
insoluble solids (AIS):..One of these substances is the water soluble.pectin WSP. Data
in: Table: (4-a) show that. the reduction” in ‘AIS :content . \was ‘concomitant- with'‘an
increase -in \WSP- conteéntoiThe addition of \Cacly retarded: the: conversion of AIS into
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WSP. 1t is known that calcium ion bind to the free carboxyl groups of the pectin-
molecules. Thus forming Ca™* bridges with the free carboxyl groups of the pectin-
molecules (Pilink and Voragen, 1991), furthermore a decrease of tissue firmness could
occur.

Table (4-a). Effect of calcium chloride addition (Cacl, 0.5%) on pectin fraction and
firmness of navel orange compote during storage at 5°C.

Storage Alcohol insoluble Water soluble pectin Firmness
period solids (AIS) (WSP)% Lb/ Inch
(months) 1 2 1 2 1 2
g 2.13 2.21 1.73 1.75 0.033 0.015
3 1.73 2.19 2.86 1.80 2.75 0.101
6 1.03 2.11 3.78 2.05 0.96 0126

1= Untreated samples.

2= Samples treated with 0.5% Ca Cl,.

As for, turbidity of their solutions. It could be observed that the increase in WSP
content of compote was accompanied by the increase in turbidity of solution (Table

4-b).

Table (4-b) Effect of calcium chloride addition on turibidity of sucrose solution during

storage of navel orange compote at 5°C.

Storage months Untreated Treated
g 0.02 0.02
2 1.23 0.72
6 123 0.70
Turbidity at 660um.O.D.

4- Sensory evaluation of navel orange compote:

Data in table (5) show the sensory evaluation of navel orange compote after
180 days storage at 5°C. The scores of the overall acceptability were highest in the
compote immerised in sucrose solution, followed by water and finally with navel
orange juice and glucase solution, respectively. Color was dark in the compote dipped
in glucose solution. It was noticed that the sucrose solution could be considered as the
best dipping solution to produce an excellent grade of navel orange compote
(Mohamed et al,, 2000). Who stated that, no differences existed in sensory attributes
between pear compote preserved in sucrose solution or in high fructose corn syrup.
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B- Navel orange juice:
1- Effect of enzymatic treatments on some chemical and physical changes of navel

orange juice.

Table 5. Sensory evaluation of navel orange compote

Sensory
. itributes Taste | Color Flavour Overall acceptability
Dipping
Treatment
Water | B6.63 A7.33 AB 6.62 A 7.91
A B A A
Sucrose 14% 253 6.01 7.91° 7.88
C c A B
Glucose 14% 5.85 5.83 6.88 6.87
Orange juice c c AB 8
st 551 5.48 8.90 6.71
LSD. 0.720 0.92 0.90 0.76

The percentage of juice yield, total soluble solids TSS and total acidity TA
increased by about 17%,13%and 11%,respectively when_ the enzyme was used. This
is in accordance with (Pilink and Voragen, 1991)who reported that a release of about
80% of polysaccharides occurred through cell walls treated with commercial pectolytic
enzyme. The increase in T.A. was due to desterification of methylated pectin as a
result of enzyme utilization. These results led to a decrease in pH value and viscosity
(Table 6). Juice yield increased by using the enzyme into 41.93% to reach to the level
usually found in case of balady orange juice (El-Ashwah et al., 1975).

As for total, reducing, non-reducing sugars, ascorbic acid and. B-carotene, it was
found that the addition of enzyme gave higher values as previously given in table (6).
This would be due to the extraction of higher amounts of these compounds as a
results of enzyme treatments. These results are in agreement with those reported by

(Pilink and Voragen, 1991).
Table 6. Effect of enzymatic treatment on some chemical and physical changes of
navel orange juice.

Components Untreated Treated with USP enzyme

Yield % 33.81 41.93
Total soluble solids% 10.98 12.83
Total acidity % 122 1.96
(as citric acid)

pH value 3.72 3.60
Total sugars% 7.74 ) 9.77
Reducing sugars% i 3.98 s ; 4.96
Non-reducing sugars % 376 4.81
Ascorbic acid mg/100m/ 53.070 58.520
B-carotene mg/100m/ ; 0013 - 0.127
Viscosity centipose 7.31 3.52
Color index 0.30 0.37
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'2- Effect of enzymatic treatment and juice sac on sensory evaluation of
navel orange juice: _

The statistical analysis showed a significant differer{ce in taste, color, flavour,
and overall acceptability as a results of different treatments (table 7). Navel orange
are rich in juice either the untreated and/or the treated with USP enzyme which: gave
high level of sensory grades. There were significant differences between samples
treated with USP enzyme compared to the untreated sample (contral).

From the above mentioned results, it could be concluded that the navel orange
juice rich in juice sacs was more acceptable and preferred. Therefore, the addition of :
navel orange juice sacs to the juice would render it more popular and preferred as .
that of fresh orange fruit.

Table 7. Sensory evaluation of navel orange juice as affected by enzymatic treatment

and juice sacs.
Taste Flavor | Overall-acceptabilit
Treatments Color mean 4
mean mean mean
Control TN 5.2 c6.21
AB B B B
Control + juice sac 7.9, 7.5 B6.73 8.30
B A B B
USP enzyme 7.3 8.60 6.90 7.40
A A A A
USP enzyme + juice sacs | 8.2 8.66 8.70 9.30
L.S.D. 0.831 0.965 0.850 0.973
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