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UTILIZING WHEY IN FORMULATING BEVERAGE
ENRICHED WITH ANTIOXIDANTS (FUNCTIONAL
BEVERAGE)

[15]

Gad', A.S. and Hala' M.F. E}-Din
ABSTRACT

Nutritional beverage will add value for consumer and provide food processors
with enriched functionality and ease of use. A beverage was formulated using milk
as a model for understanding how proteins, carbohydrates, fats, stabilizer, emulsifi-
ers and salt work together in a fluid-based system. The study was aimed to use sweet
whey- waste component from cheese manufacture- and enriched with other compo-
nents; as a base component for this beverage. Whey was supplemented with ingredi-
ents to give healthy beverage. Different ingredients and concentrations were under
test. The formula that gave a balance of nutrients, flavor and mouth feel; was con-
centrated whey (UF) 3% protein; included these ingredients; (0.5%) olive oil mixed
with some essential oils (caraway oil, chamomile oil, ginger oil, fennel oil and pep-
permint oil); (0.5%) Nitrosoft 55 (gum Arabic and monoglycerides); 3.24% protein
(3% whey protein and 0.24% soy protein), 6.7% carbohydrate (honey and lactose) as
well as antioxidant vitamins (E and C), with carrot as a source of carotencids and
flavor. This formula gave a nice homogeneous flavor, enriched mouth feel without -
settling or phase separation. The components in this beverage have the potentiai to
antioxidants.

Key words: Functional foods, Whey, Essential Oils, Vegetable Qils, Soy protein,
Whey protein, Antioxidant potential

INTRODUCTION categories are implemented under regula-

tions from the Food and Drug Admini-

Functicnal foods are only one aspect
of a complete diet and healthy lifestyle.
" Under current regulations, functional
foods or components can be placed into 2
number of existing regulatory categories,
including conventional foods, food addi-
tives, dietary supplements, medical foods,
or foods for special dietary use. These

stration’s {(FDA). Development of func-
tional food products will continue to
grow throughout the 21 century as con-
sumer demand for healthful products
(Milner, 2000).

Cumrent trends in dairy processing
have justified the need for more func-
tional ingredients. Every body-all cells in
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our bodies require antioxidants that pro-
tect cells and DNA from damage by oxi-
dative stress (free radicals) and keep our
immune systems functioning properly. As
we age, our pools of antioxidants de-
crease. Supplementation with individual
antioxidants may not be the best way to
strengthen the antioxidant defense, so we
need the balance of the mixture because
there are certainly other components have
the potential to be antioxidant.
Formulating this beverage requires a
through technical knowledge of the in-
gredients, of their interactions with each
other, and ways they're affected by the
processing treatment used. Knowing
when, and how, to incorporate an ingre-
dient into a mix also is vital to preserve
its functional characteristics .Whey that
used as a base in the beverage formula
contains lactose, proteins and minerals:
Whey protein is a rich source of thiols.
Colbert and Decker, 1991; have sug-
gested that whey proteins donate hydro-
gen to reduce free radicals. Fat sources
for beverage formula must be under test
to choose the best one for this formula.
These include essential oils, olive oil and
biack cumin oil. Essential oils are used as
natural additives in many foods and play
different roles. They are usually added in
small amounts, so that the addition of the
antioxidant fraction is much lower. Nev-
ertheless, their effect should not be ig-
nored, as they act in combination with
various native antioxidants or synergists.
Combination of natural essential oils with
olive oil was used into beverage supple-
ment formula. Olive oil is relatively sta-
ble as it is mainly monounsaturated and
contains several natural antioxidants of
the tyrosol series. Nigella Sativa oil that
known in Egypt "Habbat al-baraka or
black cumin seeds”, has enormous suc-

cess in tumor therapy without the nega-
tive side effects of common chemo-
therapy. The active components in nigella
seeds are the volatile oils thymoquinoline
and dithymoguinoline. In same time,
Nigella Sariva oil is rich in long chain
fatty acids, which have anti-denaturation
activity, protect against protein denatura-
tion as mentioned by (Saso er al 1999).
Soy and whey proteins provide rich
sources of branched-chain amino acids.
Sweetness is an important feature for
almost all beverages. Honey could be
used as sweeteners and antioxidant.

The presence of hydrocolloid stabiliz-
ers is important to stabilize beverage to
sedimentation. Adding an emulsifier will
prevent fat ringing and give a nice
homogeneous product. Combination of
emulsifier and stabilizer were used to
act synergistically. We tested three types
of these combinations. The aim of this
study was, how making balance between
nutrients, flavor, and mouthfeel through
formulated beverage, have different natu-
ral sources of antioxidants as functional
beverage. The growth of the functional
beverage market has far outpaced the
beverage category as a whole and has led
all other functional food segments
{Hollingsworth, 2000).

MATERIAL AND METHODS
Chemicals

Trichioroacetic acid (TCA), 2-
thiobarbituric acid (TBA) from (Merck),
hydrochloric acid (HCI), barium chloride
dehydrate, ferric sulphate FeSO,.7H,0,
ammonium thiocyanate. Chloroform, and
methanol were of analytical grade.
1,1,3,3-tetracthoxypropane (Sigma) was
used as a standard solution. Natural vita-
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min E (d-alpha-tocopheryl acetate), vita-
min C (L-ascorbic acid sodium salt) and
leonoleic acid (99% purity) were pur-
chased from Sigma Chem.Co. L-cysteine
hydrochloride monohydrate, (from Al-
drich) was used to make a standard cys-
teine-HCl curve. Tween 20 was from
Merck. Genu Pectin type JM was from
Kaebenhagens Pektinfabrik, Lille Skens-
ved, Denmark. Gum Arabic with
monoglyceride (Nitrosoft 55) was from
Mifad Co, Egypt. Also, Lacta 501 (Gela-
tin and monoglyceride) was from Mifad
Co. Egypt.

Ingredients

Sweet whey (cheese made from pas-
teurized milk-obtained from Arab Dairy
factory) that used in preparing beverage
was ultrafiltered at 40°C using DDS-Lab.
20 ultrafiltration unit, to get whey protein
concentrate (3% protein). Essential oils
include caraway oil, chamomile oil, gin-
ger oil, fennel oil, peppermint oil and up
to 250mg with edible oil' olive oil, from
Arab Co. for Gelatin and Pharm, Prod-
ucts, Alex.-A.R.E. Olive oil purchased
from supermarket. Nigel'a Sativa oil was
gotten after cold pressing. Soy bean (48%
protein, 6% fat) was brought from Nutri-
tion Institute, E1-Giza, Egypt. Honey was
from Agriculture Research Center, Giza,
Egypt. Fresh carrot was used, after drying
in oven at 40°C under vacuum, as source
for f-carotene and flavor.

Methods

Evaluating the antioxidant potential of
oils

Essential oils do not dissolve in water,
so that we diluted them with vegetable oil
(olive oil). Sixty mg of each essential

oils, caraway oil, chamomile oil, ginger
oil, fennel oil, peppermint oil were mixed
and up to 500 mg with edible oil' olive
oil. Olive oil and Nigella Sativa oil, also
were tested. Lenoleic acid emulsion was
used 1o choose the best antioxidant poten-
tial oil.

Lenoleic acid emulsion preparation

Lenoleic acid emulsion containing
100 pL of lenoleic acid mixed with 400
pL ethanol that dispersed with 40 pL
Tween 20 and 460 uL sodium phosphate
buffer (50 mM, pH 7.4). Lenoleic acid
emulsion system includes tested oil 0.5:1
(oil/ethanol, v/v).

Oxidative samples

The antioxidant activity samples were
determined by exposing treatments to
different lipid oxidation stress; three pro-
oxidative factors for 1-10 days, by raising
the temperature, exposure to UV light
and aeration as a source of oxygen. The
first factor was carried out by incubating
the emulsion in oven at 60 °C, in the dark
and the second factor was, by exposure
emulsions to fluorescent light, overnight
and the last one was by injection air in-
side the emulsion (3 h).

Lipid Peroxidation Assay

Peroxide value determination (PV)

Hydrogen peroxide production was
assayed by the spectrophotometric
method (IDF method, 74A:1991), by
using Shimatzu spectrophotometer Model
240.
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Measuring thiobarbituric acid reactive
substances (TBARS)

The most widely used method is the
TBA reaction with malondialdehyde
(MDA) the first breakdown product from
the action of “free radicals". This method
is of particular interest because of its pro-
cedural simplicity and nanomolar sensi-
tivity. The lipid peroxidation products,
was assayed by the thiobarbituric acid
(TBA) test (Draper er al 1993).

Process and Formulating Beverage

Safe levels of intake must be consid-
ered in functional foods in the context of
a healthy diet. The safety levels that per-
mitted from Food and Drug Administra-
tion's (FDA) were taken in consideration
with the bioactive components used to
supplement the whey. Beverage was for-
mulated and processed by the following
ingredients; to make two main treatments,
the first its base was whey (0.6% protein)
and the second its base was concentrated
whey (3.0 % protein). Three types of
combination stabilizer and emulsifier
were tested. Formula supplemented with
0.5% accepted oil was mixed with soy
protein and vitamin E {200 mg) and
blended together in small quantities of
whey until the oil droplets broken up into
smaller particles that cannot be seen by
the naked eye. Honey (3 g) was dispersed
into small quantity of heated whey (40°C)
to dissolve, then ascorbic acid (0.1 g) was
added and mixed. Hydrophobic and hy-
drophilic aqueous phases were mixed
with adding the mixture of prepared sta-
bilizer-emulsifier (5%), then made up to
100 mi whey or (whey concentrate} for
each sample followed by mild heating to
(40°C) and blended.

Three ‘mixture of gum and emuisifier
were tested; Lacta 501 (Gelatin and
monoglyceride), Nitrosoft 55 (gum Ara-
bic and monoglyceride), and (pectin JMJ
and monoglyceride). Heat treatment was
performed at 83°C for 15 seconds then
cooled in ice and held at 5°C until sen-
sory analysis.

Physical properties of the beverage
1. Sedimentation

The stability of beverage compo'nents
was measured by determination of sedi-

. mentation, according to Towler, (1984).

Beverage samples were tested at the first
day (within 24 h of pasteurization} then
after 1, and 2 weeks of cooled storage.

2. Sensory Evaluation

Organoleptic assessment of the bever-
age sampies were carried out by 10 stuff
members at Dairy Dept. of National Re-
search Centre, for appearance (40 points),
colour (20 points), and flavor (40 points).

3. Beverage viscosity

Hoppler viscometer was used in
measuring the viscosity of acceptable
beverage. Viscosity in centipoise (cp)
was estimated at 20°C using ball with
diameter 15.805 mm and Sp.gr. 2.406.

Chemical composition of the beverage

Total solids, protein contents of the
beverage were determined according to
AOQAC methods (1990). Total carbohy-
drate was determined according to Tay-
lor, (1995). Fat content and pH were also
determined, according to Ling, (1963).
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These analyses were carried out for ac-
cepted sample that obvious through
physical assays.

RESULTS AND DISCUSSION

Lipid oxidation in lenoleic acid emul-
sion including different oils

Lenoleic acid emulsion was oxidized
by light, temperature (incubated in oven
at 60°C, in the dark} and oxygen, generat-
ing hydroperoxides that decompose
through secondary reaction to aldehydes,
ketones, acids and alcohols (Shahidi &
Wanasupdara, 1996). The estimation
was run at 0.0, 3, 5, 7 and 10 days. The
obtained results are shown in Fig. (1)
Oxidation of lenoleic emulsion included
olive oil gave the lowest level for perox-
ide concentration, with three caralytic
factors, whereas emulsion included other
oils gave more peroxide concentrations.
The ability for decreasing peroxide
concentration for olive oil started after 3
days from oxidation. Although the PV
measurement is a useful method of
monitoring oxidative deterioration of oils,
it should normally be combined with a
method of monitoring  secondary
oxidative products to provide a fuller
picture of the progress of oxidation as
shown In Fig. (2). Determination of
TBARS value was used to monitor the
extent of oxidation. Results indicate that
olive oil mixed with essential oils was
rich in antioxidant, which had been
shown in reducing or retarding the
lenoleic acid emulsion system oxidation
with all oxidative stress. Essental oils
were act in combination with various
native antioxidants or synergisis.

Sedimentation

Stability is important for maintaining
appearance, since beverage water phases
containt suspended fiber, flavor and pro-
tein. Results show that combination of
gum Arabic with monoglyceride (Nitro-
soft 33) gave beverage without -settling
or phase separation. Gum Arabic interacts
with water, allowing them to act as stabi-
lizers in aqueous food systems by pre-
venting settling, phase separation. The
presence of hydrocolloid stabilizers i3
important to stabilize beverage to sedi-
mentation. Adding an emulsifier aisc
prevented fat ringing and gave a nice ho-
mogeneous product. Using gelatin re-
duced settling of carrot particies, whereas
using pectin gave phase separation.

Sensory Evaluatior

The most important sensations
contributing to beverage flavor are taste,
smeli and feel. The organcleptic evalus-
tion of the beverage was carried out when
fresh and afier cold storage, 1-wk and 2-
wk. The organoleptic properties of bever-
ages made with Lacta 501 and Nitrosoft
55 presemted in (Table, 1} indicate that
beverage processed from concentrated
whey (3% protein) using Nitrosoft 35
(gum Arabic and monoglyceride) was the
best peverage. The presence of antioxi-
dants did not affect the descriptive sen-
sory of the beverage. Carrot showed anr
influence on flavor and color and that was
accepiable. Although WNigefa Sativa oil
workec well as antioxidant, the panelisis
refused the taste of beverage containing
it
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Fig. 1. Peroxide concentration in lencleic acid emulsion produced as a result
of oxidizing by elevated temperature, aeration and exposure to light as
pro-oxidants
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Table 1. Organoleptic properties of formulated beverage, at different storage periods

Appearance {40) Colour (20) Flavour {40) Total (100)
Storage  Lacta Nitrosoft Lacta NitrosoR Lacta Nitrosoft Lacta Nitrosoft
period 501 55 501 55 501 55 501 55
(days)
Beverage using whey (0.6 % protein )
0 33 35 19 19 34 3s 89 86
7 32 34 18 18 32 35 87 82
15 30 34 15 17 3 33 84 76
Beverage using concentrate whey (3.0 % protein )
0 32 37 20 20 35 27 94 87
7 30 36 18 18 35 36 90 83
15 30 35 16 17 34 35 87 80

Appearance = homogeueity, precipitate and clearness

Beverage viscosity

Viscosity is 2 primary factor in the
prevention of settling and the aggregation
of solids suspended in drinks. The viscos-
ity of the beverage is exponentially re-
lated to the concentration, chemical and
biochemical changes in the beverage,
besides heat treatment. However, sus-
pending solids and hydrocolloids can
modify a drink by adding viscosity. The
viscosity of beverage made from whey
mixed with Lacta 501 was 1.66 cp, while
that mixed with Nitrosoft 55 was 1.98 cp.
The viscosity of beverage made from
~ whey concentrate mixed with Lacta 501
" was 3.5 cp and for that mixed with Nitro-
soft 55 was 4 cp. Generally, the best
physical properties was related to bever-
age containing essential oil mixed with
olive oil, concentrated whey 3% protein
and mixture of gum Arabic with
monoglycerides.

Flavour = taste, odor and feeling

Chemical composition

Chemical composition of this bever-
age formula has TS 12.57%, fat 1.03 %,
carbohydrate 6.5%, total protein 3.24%,
vitamin E approx. 200 mg, vitamin C
approx. 100 mg. and the pH was 5.2. The
product was characterized as clean, high
quality and delicately balanced between
acidity, sweetness and flavor.

The nutritional value of the formulated
beverage

The biocactive components used to
supplement the whey taking in considera-
tion the safety levels that permitted from
Food and Drug Administration's (FDA).
These ingredients include lactose that
provides calories in an easily available
form with slower digestion and absorp-
tion {compared to glucose), benefits in-
testinal calcium, magnesium and zinc
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absorption. Whey protein is a rich source
for free sulfhydryl groups from cysteine
that are effective at inhibiting lipid
autoxidation (Taylor and Richardson,
1980). Whey protein is the only protein
type that cannot be obtained from regular
food in significant amounts. Whey pro-
tein appears to be unique among proteins
in its ability to improve immune function,
elevate  cellular glutathione levels
(Counous, 2000) an antioxidant enzyme
containing cysteine, and extend lifespan.
Olive oil has flavenoid; polyphenols that
consider natural antioxidants (Kellie er af
2001). Essential oils used into beverage
supplement formula as a flavoring be-
sides its acting in combination with vari-
ous native antioxidant or synergists. Soy
protein is a high quality protein has effi-
ciency in cholesterol-lowering, the most
well-documented physiological effect
{Albertazzi et al 1998 and Meister,
2002). Honey contains various water-
soluble antioxidants compounds, fla-
vanoids and phenolic compounds. Vita-
mins A, E and C are reported to act as
effective antioxidant of major importance
for protection against diseases and degen-
erative processes caused by oxidative
stress (Olas & Wachowiej, 2002 and
Chaudiere & Ferrari-lllion, 1999),

CONCLUSION

Beverage needs balance of nutrients,
flavor, texture and mouthfeel ofien serves
as the "gold standard™ for many of today's
formulated drinks. Fortification with an-
tioxidants vitamins was necessary to act
as free-radical scavengers. Low level of
50y protein was used to achieve the level
required in the health ¢laim, but another
ingredient was needed to hide some soy-
bean flavor. Honey and carrot were used.

This beverage can promote healthy com-
plexion, decrease in blood pressure,
strengthened immunity.

Adding antioxidants during process-
ing can still play a very important role
since the added compounds have the po-
tential for enhancing the activity of the
inherent antioxidants systems. More work
is needed to define the optimum dietary
combinations and / or the minimum lev-
els of the compounds in the dairy prod-
ucts necessary for obtaining the greatest
stability in the resulting product. This
may involve defining interactions of dairy
products components on the uptake on
the desired compounds.
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