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ABSTRACT

Highly antioxidant low calories beverages and ices were made using
fermented milk permeate. Milk permeate was heated at 80 °© C for 10 min, cooled to 30
0 C, then inoculated with 2% Lactobacillus casei and incubated at 30 © C for 24 hr.
The fermented milk permeate was then used for the manufacture of beverages and
ices. Sugar (sucrose) as the control was used to sweeten the products while low
calories sweeteners like natreen, sweetline and steviapura were added in
equivalence to the control.

Fermented permeate fruit beverages were prepared using fermented
permeate and fruit juices in different concentration: 43%cantaloupe, 33%guava, 55%
pomegranate and33% kumquat. Sugars (sucrose) added were 12% for cantaloupe,
guava and pomegranate while, it was 15% for kumquat. Pectin (0.3%) was added in
all treatments. pH value, color index, total sugars, phenol content and (-carotene
were determined fresh and after 7 days and 14days of storage at 4 ° C . Lactic acid
bacterial counts (LAB) were also determined during storage. Sensory evaluation
indicated higher total scores for fresh fruit beverages than the stored ones in all fruit
beverages and in all treatments.

Fermented permeate fruit ices were prepared by using fermented permeate
and fruit juices in different concentrations: 43% cantaloupe, 15% apricot and 20%
kumquat. The control was 20% sugar for cantaloupe ice, 15% for apricot ice and 25%
for kumquat ice. Pectin (0.3%) was added in all treatments. In the ice mixtures and
ices, total solids, pH value, specific gravity and weight per kilogram were determined.
Freezing point and viscosity were measured in ice mixtures, while overrun and melting
resistance in fruit ices. Sensory evaluations were carried out revealing no differences
between the different sweeteners used among the same fruit. The control gained a
little higher scores than all the other sweeteners.

It is recommended that the presence of low calories fruit beverages and ices
in the market could be of great benefit for the people of special requirements like
obese and diabetes .

Keywords: Fermented milk permeate, L. casei, fermented fruit beverages , fermented
fruit ices, kumquat , guava, cantaloupe , pomegranate , apricot, low
calories , antioxidant.

INTRODUCTION

Milk permeate is an aqueous solution removed from milk by ultra-
filtration process .It consists of 5% total solids, 90% of which is lactose, and is
fat free. Milk permeate is rich in minerals , vitamins and some amino acids
not found in substitute ingredients and enhances the overall nutritional
content of food products. Thus milk permeate could be used in the
manufacture of some food products such as ice-creams , cooked products ,
bakery blends , fermented beverages ...etc., or utilized in the production of
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many useful products such as lactic acid , polyhydroxy alkanoate, gluconic
acid , citric acid ...etc. (Abd El-Khair, 2009).

Milk permeate is a problem for environmental pollution. However,
because of its high organic content its disposal can pose environmental
problems. Milk permeate shows a very high COD value (Chemical Oxygen
Demand) about 60,000 mg/l and, therefore it cannot be drained without a
treatment. Recently several uses have been proposed for utilization of
permeate but still enormous quantities are left unutilized.

The human body is continually exposed to free radicals which are
implicated in the initiation and progression of number of diseases.
Antioxidants are known to protect tissues against the damaging effects of
oxygen free radicals. Therefore, it has been hypothesized that a diet rich in
antioxidants may infer protection against certain diseases (Dembinska-Kiec
et al., 2008).

Fruits and vegetables are a major source of antioxidants amongst
other bioactive compounds essential for optimal health. The most abundant
antioxidants in fruits are polyphenols, Vitamin C, Vitamin A,B and E, and
carotenoids which are present to a lesser extent in some fruits. The
polyphenols, most of which are flavonoids, are present mainly in ester and
glycoside forms (Blomhoff, 2005).However, though lacking in the fiber content
of whole fruits, fruit juices are an excellent source of antioxidants (Seeram et
al.,, 2008 and Tezcan et al., 2009). Recently there has been extensive
research into the production of different products which have high antioxidant
capacity of fruit juices. EI- Sayed et al.(2007), Abd EIl-Khair (2009), Aboel
Einen et al.( 2009) and Hegazi et al.( 2009) used milk permeate fortified with
different fruit juices, as natural sources of antioxidants, to produce functional
ices and beverages.

Lactobacilli were the first bacterial genus suspected to have health
benefits (Stanton et al.,2003). L.casei as a microbe used as probiotic and its
documented health benefits in human clinical trials was adapted from
(Ouwehand et al. (2002)). Probiotics fall into the functional food category,
which is an expending sector of the food industry (Stanton et al., (2001). On
that basis, fermentation of the permeate by L. casei prior to the addition of the
fruit juices was our technique.

Nowadays, consumption of reduced calorie sugar has become a
permanent of modern lifestyle ( Abd El-ghany, 2008). The food industry has
recently focused on the possible use of low calorie sweeteners as sugar
substitutes in variable products in order to provide the need for persons of
special requirements, i.e. athletes, diabetic, obese and other diseases.

The present market is now being driven by enhanced awareness
among consumers of the role of diet in health maintenance and diseases
prevention, and so the goal of the present paper is to share in the presence
of highly antioxidant low calorie fruit beverages and ices from fermented milk
permeate in our local market.
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MATERIALS AND METHODS

Fresh buffalo milk permeate was obtained from the Unit of Milk
Industry ,Animal Production Research Institute, Agriculture Research Center,
Giza, Egypt. Milk permeate contained: 4.1% lactose, 0.6% nitrogen
substances, 0.5 % various minerals and was fat free. Its pH was 6.6

Apricot (Prunus armeniaca), cantaloupe (Cucumis melo), kumquat
(Fortunella margarita), pomegranate (Punica granatum) and guava (Psidium
guajava) were obtained from hyper supermarkets in Cairo and their
constituents were analysed according to AOAC (2007)

Sugar was obtained from the local market. Natreen and sweet line
(are synthetic sweeteners which contained a mixture of sodium cyclamate
E952 and sodium saccharine E954) and steviapura (which is a natural
sweetener in form of steviol glycosides E960) were used as the sweeteners
to prepare the low calories fermented permeate beverages and ices. Natreen
was obtained from Sara Lee GmbH, KdIn, Germany; sweet line was obtained
from Rossmann GmbH, Burgwedel, Germany; and steviapura was from
Stevia group, Koeln, Germany. All sweeteners are permitted as food
additives according to Codex Stan 192-1995(2011) and the American and
European regulations.

L. casei culture was obtained from Chr. Hansen Lab., Copenhagen,
Denmark.

Apricots were cleaned, seeds were discarded and soft fruits were
blended. Cantaloupe was peeled, seeds were discarded, and the soft fruit
was cut into pieces then blended. Pomegranate was peeled to collect the
arils from the pulp then the arils were squeezed to remove the seeds. Guava
was cleaned and blended then the juice was sieved to remove the seeds.
The juices of the four fruits were heat treated at 80 °© C for 10 min. Kumquat
was cleaned then the interior seeds were removed from each one. Kumquat
fruits were boiled until its tissues were tender then blended to get juice. All
fruit juices were stored at -20 ° C until use. The chemical composition of the
fruit juices are shown in Table (1).

Table(1):Chemical composition* of the prepared fruit juices used in this
study (per100g)

e Mestre] 12 Tooren et [en caroencs] 1211 [Fier
R () I R B (mg) | (mg)
Apricot 86.12 | 9.42 | 1.43 |0.31/0.45| 350 140 100
Cantaloupe 89.23 | 6.84 | 1.75 [0.15/0.42 189 240 110
Guava 8321 |834| 1.0 |051/053|] 120 210 80
Kumquat 88.32 | 5.42 | 155 |0.64/0.32| 200 120 100
Pomegranate| 86.42 | 125 | 0.85 |0.31]/0.67 75 480 260

*Determined according to AOAC (2007)

The milk permeate was heat treated at 80 © C forl0 min and cooled
suddenly to 30 °C , inoculated with 2% of L. casei and incubated at 30 © C for
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24 hours. The fermented permeate was divided into two batches for
manufacture of the ices and beverages.

Preliminary experiments were carried out to determine the most
favorable concentration of both juice and sugar for each type of fruit juices.
The first batch of the fermented permeate was divided into four portions.
Each portion was used to prepare a type of fruit beverage. The percentages
of fruit juices, which were cantaloupe, pomegranate, guava and kumquat, and
the sugar used for the preparation of the fermented beverages are shown in
Table (2).

Natreen, sweet line and steviapura were added individually in
equivalence to the desired sweet taste as the preliminary tests indicated for
sugar. Pectin (0.3%) was added in all treatments. The resultant fermented
beverages were filled into 200 ml brown bottles, stored at 4 ° C and analyzed
at fresh, 7 and 14 days. All treatments were in triplicates.

Table (2): Composition of the control fermented permeate beverages.

Ingredients % Cantaloupe Guava Pomegranate Kumquat
Juice 43 33 55 33
Sugar 12 12 12 15
Pectin 0.3 0.3 0.3 0.3
Fermented 44.7 54.3 32.7 51.7
permeate

[Total weight 100 100 100 100

For the preparations of the fermented permeat ice mixtures, the
second batch of the fermented permeate was divided into three parts. Taking
into consideration the desirable fruit juices and sugar concentrations in pilot
tests, the ice mixtures were manufactured according to Marsall et al. (2003),
as shown in Table (3).

Natreen, sweet line and steviapura sweeteners were added in

equivalence to the desired sugar concentration taste which were considered
as the control. Pectin (0.3%) was added in all treatments.
The freezing of the ice mixture was conducted by an electrically ice cream
freezer. When the product became semi frozen, it was packed in polystyrene
cups and stored in deep freezer at -20 ° C for hardening for 24 hr. All
treatments were repeated five times.

Table (3): Composition of the control fermented permeate ice mixtures.

Ingredients % Cantaloupe Apricot Kumquat
Juice 43 15 20
Sugar 20 25 25
Pectin 0.3 0.3 0.3
Fermented permeate 36.7 57.7 54.7
[Total weight 100 100 100

The total solids, fat, protein and total sugars were determined
according to AOAC (2007). pH value was measured by laboratory pH-
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meter(Jenway 3505 pH meter). The total phenolic compounds and
carotenoids were determined according to Prieto et al. (1999).

In beverages the colors index were determined using Shimadsu UV
240 Spectrophotometer at 550 nm for pomegranate beverage, 555 nm for
guava and cantaloupe beverages and 575 nm for kumquat beverage.

In ices the specific gravity tests of both mix and ice were measured
by using pyconometer as described by Winton (1958) at 20 © C. The weight
per kilogram of both mix and frozen fermented ices was determined
according to Burke (1947) with a slight modification in which the specific
gravity was multiplied by the factor 3.7853 to give the weight per gallon in
kilograms. Freezing point was determined using specific thermometer.
Viscosity was measured fresh and after 24 hrs at 20 °© C and 60 r.p.m. using
spindle no. 3 in Brookfild DV-E Viscometer,( Brookfild Engineering
Laboratories, Inc, Middle boro, U.S.A.). Overrun was calculated according
Marsall et al.(2003). Melting resistance of frozen ice was determined
according to Ried and Painter (1933). Ices were placed in controlled cabined
at 20 ° C. The melted portions were weighed every 30 min for 2 hrs.

Lactic acid bacterial counts were determined fresh, and after 7 and
after 14 days of storage using MRS agar media according to de Man et al.
(1960). The plates were incubated at 30 ° C for 48 h.

The sensory evaluation of the resultant beverages were assessed by
the staff of the Dairy Departments, Animal Production Research Institute
using the following score: flavor 50 points, color 25 points, appearance 25
points, and the total scores were 100. The resultant beverages were
evaluated at fresh, 7 and 14 days of storage.

As with ices, the score was 50 for flavor, 40 for body and texture ,
and 10 for melting quality points and the total scores were 100.

RESULT AND DISCUSSION

Fig (1) revealed the energy content of the highly antioxidant
fermented permeate beverages of cantaloupe, guava, pomegranate and
kumquate. The energy content was decreased in the treatments due to use
of the sweeteners, which contained negligible calories, in the preparation of
fruit beverages. Thus, the resultant products are considered low calories
highly antioxidant fruit beverages.

Fig. (2) presented the pH values of the low calories highly antioxidant
fermented beverages of cantaloupe, guava, pomegranate and kumquat
during storage. It was noticed that the pH values of the low calories
beverages were slightly higher than the control in cantaloupe, guava and
kumquat beverages, while they were the same in pomegranate beverages. In
general, all the pH values decreased in all treatments during storage which
lasted for 14 days.

Values of the color index of cantaloupe and guava fermented
beverages increased in all treatments at the end of storage period, while it
decreased in all treatments of pomegranate and kumquat beverages as
shown in Fig.(3).
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As expected, total sugars in the control of all fruit beverages were the
highest, due to its sucrose content, while treatments with sweeteners
revealed obvious low total sugars contents. A declination in total sugars
appeared in the control in all fruit beverages when 14 days of storage were
reached. The rate of decrease in total sugars appeared in treatments of
sweeteners in different fruit beverages was lesser (Data not showed).

Sweetness is a determinant of thirst-quenching liking and amount of
beverage consumption (Beucler et al., 2005). The presence of flavor and
sweetness in a thirst-quenching beverage increased consumption in
exercising individuals (Passe et al., 2000). In beverage liking, Beucler et al.,
(2005) indicated that higher sweetness intensity was undesirable for thirst-
quenching beverage. Our beverages, as low calories drinks possess health
benefits to diabetic patients and those on diet.

The resultant low calories fermented fruit beverages revealed
different values of total phenols and carotenoids. The phenol contents of the
fermented fruit beverages differed from one to other when fresh due to the
differences of its phenol content in the fruit juices and its added ratio.
Generally, the control (sugar) of all fruit beverages contained the highest
values of phenol at fresh and after 14 days of storage. From Fig. (4) it was
clear that the use of the sweeteners ( natreen, sweet line and steviapura)
decreased the phenol content in all the fruit beverages.

Following the same trend, the B8 - carotene content (Fig. 5) of the
fermented permeate fruit beverages had different values among the different
fruit beverages. It could be noticed that the control, had the highest values of
B - carotene at fresh and after 14 days of storage in all the fruit beverages.
Like phenol, the B - carotene contents in all fruit beverages were affected by
the addition of the sweeteners. Kumquat showed a very high B - carotene
value in its control beverage than the other beverage fruits.

In general, the total phenol and B - carotene contents decreased
during storage by using any type of sweeteners.

Fig.(6) showed the effect of sweetener type on the lactic acid
bacterial counts (LAB) at fresh, 7 and 14 days of storage at 4 °C in the
fermented permeate fruit beverages . The decrease in LAB counts was
noticed in all the treatments with the advance in storage. Generally, it could
be observed that the best survival of LAB counts during storage was noticed
in the control of all different fruit beverages followed by the steviapura fruit
beverage. The least LAB counts were detected in natreen fruit beverages.

In general, Fig (7) showed that the fresh fruit beverages scored
higher total panel scores than the stored ones in different fruit beverages and
in all treatments. Storage decreased the sensory scores in all treatments. In
spite of the control (sucrose) gaining higher scores than the other
sweeteners in all fruit beverages yet the differences were not considerable. It
was also noticed that after 14 days of storage cantaloupe beverage gained
the least panel sensory scores whereas kumquat beverage gained the
highest.
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Fig. (2): Effect of sweetener type on pH values of the fermented permeate fruit
beverages during storage period (days) at 4°C
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Fig. (7): Effect of sweetener type on the sensory evaluations of
fermented permeate fruit beverages during storage at 4°C

From the results in Table (4), it could be noticed that the total solids
of the control of each fruit ice mix was greatly higher than all its sweetener
treatments. This indeed is due to the presence of sucrose in the control.
Marshall et al. (2003) mentioned that ices have a low total solids content
compared to ice cream. The pH value in the control of each fruit ice mix was
lesser than its treatments with different sweeteners.

The specific gravity and weight per kilogram in the control of each
fruit ice mix were higher than the treatments of different sweeteners. The
differences appeared between different sweetener types, i.e. natreen, sweet
line and steviapura, in all the prepared mixes were not considerable.

The freezing points of the control of kumquat and apricot ice
mixtures were reduced to — 6.3 °C, while it was -6.4 °C in cantaloupe ice mix.
All the sweetener treatments in all fruit mixes showed raising in its freezing
points. An increase of -1.2 to -2 °C than the control clearly appeared in
cantaloupe fruit mix.
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The viscosity of all the prepared ice mixtures increased after 24
hours of ageing. Generally, the control in all prepared fruitice mixtures
showed higher values than the treatments indicating the effect of sucrose on
the viscosity. Same values of viscosity were gained at zero time (the start)
and after 24 hours of ageing in kumquat and apricot ice mixes. Same trend,
i.e. increase in viscosity, was observed in cantaloupe ice mix but with
different values.

As with the Physicochemical Properties of the Resultant fruit Ice, It
could be seen from Table ( 5), the total solids of the control of each fruit ice
was obviously higher than all the sweetener treatments . The highest total
solids values were noticed in apricot ice followed by kumquat ice then
cantaloupe ice.

Slight or no difference in the pH values of the fruit ices between the
control and its treatments were noticed. Cantaloupe ices had the highest pH
values followed by kumquat ices then apricot ices.

Both the specifics gravity and weight per kilogram of all the controls
of the different fruit ices were higher than its treatments with the different
sweeteners.

From the results Table (5), the overrun (%) values, as expected,
were obviously high in all the control ices than its treatments. No obvious
difference in the overrun (%) were observed when sweeteners were used
with all fruits . Marshall et al . ( 2003 ) mentioned that sherbets which contain
milk solids had low overrun ranging from 25-50 % while ices or water ices ,
which contain no milk solids , when frozen with from 0 ( quiescently frozen
bars ) to 30 % ( dynamically frozen items ) overrun.

Melting resistance determine the loss in weight percent of the initial
weight of the samples during 1.5 hours. The use of sweeteners, in different
ice fruits, gave products that were hardener and melted more slowly than
those made with equivalent sucrose content (controls).The melting resistance
differed from one fruit ice to another, the most resistant was kumquat ice
followed by cantaloupe then apricot ice. Slight differences were noticed
between different types of sweeteners.

The energy contents were obviously higher in all the controls in all
fruit ices than the treatments. due to the use of the sweeteners which
contained negligible calories.

Sensory evaluation is an important indicator of consumer preference.
Table (6) represents the effect of sweetener type on the sensory evaluation. It
could be observed that no differences were noticed between the different
types of sweeteners used, i.e. natreen, sweet line and steviapura, on the
sensory evaluation among the same fruit ice. Generally, the control, i.e. using
sucrose, gained little higher scores than all the sucrose replacements. In
spite of the hard and coarse body and textures, yet the panel scores were
reasonable because the panels were awarded that the samples were fruit
ices and not fruit ice milks.

In conclusions, the fermented fruit beverages and ices showed a
good source for nutraceutical food products and improved the cost benefit of
milk permeate.
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Table (4): Effect of sweetener type on the properties of the fermented permeate fruit ice mixtures

Properties Kumguat Apricot Cantaloupe
Control | Natreen Sweet Stevia Control | Natreen Sv_veet Stevia Control | Natreen Sv_veet Steviap
line pura line Pura line ura
Total Solids v Tyee Ty 6.00 K R T 6.0 Yo, 1,00 0,34 6.0
pH £,V £,10 £,00 4.60 £,YY £,10 £,00 4.60 £,4vY £,8v 4.8A 4.92
Specific Gravity | +,41) AEo +,AeY | 0.853 -4 ,AEe A0 1 0.864 | V,e0d A +,%4e 1 0.953
Weight per £,V vUvY ¥,M9A | 3.643 £,V YUvY Y,U4A | 3.694 | £,1vY £,YON YA | 4.432
Kilogram(W/K)
FI‘EEZIng - LY -0, - £, '50 =Ly -0, - £, '50 -¢ -0o,¥ -§,¢ '48
point(°C)
Viscosity(C.P.)
Zero time 'Y Ve Ve 10 'Y Ve Ve 10 €, Y, ¢ Y0 2.6
At 24 hours Vo ‘Y s 13 Vo ‘Y ‘Y 13 3] V,A LY 6.9
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Table (5): Effect of sweetener type on the physicochemical properties of the fermented permeate fruit ices.

Kumqguat Apricot Cantaloupe

Properties Control | Natreen Slvivneeet Steviapura |Control |Natreen Slvivneeet Steviapura |Control | Natreen Slvivneeet Steviapura

Total Solids | 32.35 8.34 8.34 8.34 33.09 4,0 A 40N 9.08 Y1,A0 v, VY v, VY 7.73
pH §,Y¢ ¢,¥Y ) 4.32 YAy (IR LR 3.65 $,EA ¢,A1 4.84 4.84

Specific Gravity| +,%)°. 0.842 | 0.828 0.843 0.757 101 5 VTA 0.667 0.783 0.717 |0.761 0.752

Weight per ¥,av1 3.658 | Y,09A 3.623 Y,YA4 Y,Ao APREA 2.891 Y,6eY 3.115 | Y, EYY 3.423
Kilogram(W/K)

Overrun (%) 34.21 | 2352 |23.24 23.24 3),01 YY, V¢ | V)Y, ¢ 22.42 Yo,qy 34.67 3¢,0 33.4

Melting

resistance

After 0.5 hr. 94,49 94,49 [ 44,4V 99.99 qy,1y 94,49 Yoo 99.99. 94,9A 99,94 Yoo 99.98
After 1.0 hr. A,V 9A,YY | 44,4y 99.08 AY, A0 qv,¢¢ qA,Y 08.93 qy,0A 99,97 | 44,44 99.82
After 1.5 hr. AY, 0N qy,vo | 4.,A¢ 91.23 ), YY AY, Yo [ AY,oY 83.46 Va,AA AT, A, Y 89.34
Energy (kcal.) | YA+ ALY AN A, VYLV VY,V Y,V VYLV 97, YA YULYA [ VT,YA Y1,YA
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Table (6): Effect of sweetener type on the sensory evaluation of the fermented permeate fruit ices

Kumquat Apricot Cantaloupe
Properties Sweet | Stevia Sweet | Stevia Sweet | Stevia
Control |Natreen| Control |Natreen| Control | Natreen |
line pura line pura line pura
Flavour(50) €94 £9 £9q 49 £A £A £A 48 ¢o £y £y 43
Body& ¥4 ¥A YA 38 YA vV TV 37 TV v [ 36
Texture(40)
Melting(10) 4 A A 8 4 A A 8 A A A 8
Total(100) ay 0 q0 95 90 ay ay 093 9. AY AY 87
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