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Abstract | Whey proteins have many nutritional and beneficial therapeutic properties, which are in-
dispensable for the functional and nutritional properties of foods. The aim of the study was to neutral-
ize whey by addition of NaOH (0.1 and 0.01N) and NaHCO, (0.1 and 0.01N) for fortification and
enrichment of foods. However, addition of these solutions results in an increase in total solids and ash
content of the whey sample The samples were normal whey (not treated), neutralized whey (neutralized
with NaOH) and neutralized whey (neutralized with NaHCO,). Whey was pasteurized at 72°C for
15 second followed by neutralization. All the samples were analyzed physico chemically (pH, %acidity,
%moisture,crude protein) and organoleptically (color, taste, texture and overall acceptability) with an in-
terval of one week for storage period of one month. The treatments were T’ (not treated), T (neutralized
with NaOH) and T, (neutralized with NaHCO,). Statistical analysis showed that storage intervals and
treatments had a significant (p<0.05) effect on physicochemical and sensory quality of neutralized whey.
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Introduction Whey protein has high nutritional value when com-

pared to other proteins sources which are commer-

W'hey is byproduct of the cheese industry which
c

ontains mainly water soluble proteins, lactose
and most of the salts. Whey can be obtained during
cheese making process in which fat and casein are sep-
arated as curds are broken. The composition of whey
varies with formation of different types of cheese, heat
treatment and handling (Hargrove and Alford, 1974.
Cheese production is increasing day by day around
the globe, the problem related to this is the proper
utilization of surplus whey. (USDA, 1981). Physically
active Individuals and athletes are widely consuming
protein supplements in their diet (Phillips, 2012).

cialized in the sports nutrition market. To manufac-
ture this type of product ingredients such as wheat
protein, egg, caseinates, soy and whey are used (IHa
and Zemel, 2003; Khanam et al., 2013).

In recent years, the malnourished segments of human
population can be overcome by utilization of whey
because it contains available nutrients for feeding.
Due to the presence of important constituents (such
as lactose, fat content, protein with different frictions
and minerals) having excellent functional and nutri-
tional characteristics whey and whey constituents in
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the food industry can enhances opportunities for a
wide-range application for food and food products. To
utilize whey various technologies has been developed
for the manufacture of a variety of new food prod-
ucts as well as for the replacement of comparatively

costly food ingredients (Mathur and Shahani, 1979).

The composition of whey per 100g contain 26kcal
food energy, 93.1g water, 0.3g fat, 5.1g lactose, 0.9gm
protein, 0.6gm ash, 53mg phosphorus, 51mg calci-
um, 0.1mg iron, 10 IU (International Unit) vitamin
A, 0.14mg riboflavin, 0.1mg niacin and 0.03mg thia-
mine (Watt and Merrill, 1963).

As an ingredient for human food or animal feed,
most of the whey is converted to whey solids by tra-
ditional processes such as roller drying, spray drying,
production of sweetened condensed whey and con-
centration to semisolids feed blocks (Hargrove and
Alford, 1974).In the development of new products or
a number of traditional products whey and its prod-
ucts can be used as a substitute (Goldenko, 1993). In
ice cream and soft cheese production, micro-particu-
lated whey proteins are utilized. Selective thermal or
high-pressure-based fractionation of whey proteins
can also use to produce selectively enriched fractions
that can be used in products such as infant formulae

(Kulozik, 2000).

Whey protein represents 20-30% of the proteins pres-
ent in bovine milk; it is a complex mixture of globu-
lar protein molecules consisting mostly of a-lactal-
bumin (a-La), B-lactoglobulin (B-Lg) (Urista et al,
2011). The protein fractions a-La and p-Lg represent
almost 70% of the proteins present in whey (Wal-
stra, et al, 2006). Differences in the physicalechemical
composition of whey protein supplements potential-
ly influence its nutritional effect on the human body
(Manninen, 2009). The nutritional quality of whey
protein supplement depends on amino acid compo-
sition, bioavailability of essential amino acids, protein
digestibility, and physiological utilization of specific
amino acids after digestion and absorption (Lemon,
Berardi and Noreen, 2002).

Whey protein contains the proteins that remain in
the liquid part of milk after it has coagulated (cur-
dled). The main proteins left are beta-lacto globulins
(BLG), alpha-lactalbumins, bovine serum albumin
(BSA) and immunoglobulin (Ig). These proteins

contain large amounts of the branched chain ami-

no acids that are important for maintaining muscles.
(Byron and Whittier, 1970). Whey Proteins are used
as nutritional supplement for people who may be
protein-deficient. Whey Protein is a popular dietary
supplement among weightlifters and body builders,
who require a high dietary protein intake to increase
their muscle bulk (Health Point Technologies, 2004).
A particular Whey Protein, called bovine lactoferrin
(BLF) may help to prevent bowel cancer and other
types of cancers. Certain Whey Proteins also have
the ability to fight bacteria and other disease-causing
particles and promote wound healing. Whey Proteins
help to reduce the ‘stickiness’ of platelets and help to
stop blood clots forming (Arrick and Nathan, 1984,
Bounous and Pold, 1991).

'The whey protein concentrates are used in the man-
ufacture of dietetic foods or as a substitute for dried
skim milk in ice cream, confectionery, bakery prod-
ucts and sauces. Mineral-rich residue remaining after
removal of proteins and lactose is used in the manu-
facture of animal feeds (Rolland, 1993). Principal us-
ers of whey products for human foods are dairies and
bakeries. Lactose, which is derived primarily from
whey, is used mainly in infant foods and pharmaceu-
ticals (Whey Products Institute 1980).

Objective of the study was to obtain neutralize whey
by adjusting its pH by treatment of NaOH and NaH-
CO, with various concentration such as 0.1N and
0.01N. By keeping in view the above mentioned facts
the present research work will be undertaken to pro-
duce whey supplemented bakery products.

Materials and Methods

Whey was collected from dairy shops of the local
market in Peshawar. Then it was transferred to the
laboratory of Food Science and Technology Depart-
ment, The University of Agriculture, Peshawar. Then
the whey was pasteurized at 72° C for 15 seconds. Af-
ter that the whey were neutralized with sodium hy-

droxide NaOH and sodium bicarbonate (NaHCO,).

Preparation of samples

T, = Normal whey (not treated).

T, = Neutralized whey (neutralized with NaOH).
T, = Neutralized whey (neutralized with NaHCO,).

P/Jysioc/.)emica/ ana/ysz'y
Total soluble solids: The total soluble solids were
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recorded by the recommended method of AOAC
(1984) using the hand refractometer at room temper-
ature. A Well-mixed drop from the sample was taken
by a capillary tube and a drop was placed on the dry
prism of hand refrectometer to get instant reading.

pH determination: The pH of the samples was meas-
ured by the recommended method of AOAC (1984).
pH of was determined by an electronic digital pH
meter. The electrodes of the pH meter were stand-

ardized in buffer solution of pH 4.0 and 7.0 before
taking reading of the samples.

Percent acidity: The total titratable acidity was de-
termined by standard method of AOAC (1984) by

titrating against standard alkali solution.

yad . I X \I- d .L“\.\ .
0 Acidity = — — X 100

Where; T= titration reading; C.F= conversion factor;
N= normality of NaOH; L= ml of sample taken for

titration; M= ml of sample taken for dilution.

Protein determination: The protein was determined

by standard method of AOAC (1984).

Calculation:

1ml 0.1N H.50, will absorb = 0.0014g N»

1ml 0.1N H2504 will absorb N2(g) = 0.0014x X

0.0014 x X
50

1 ml of digested sample contain N*(g) =

Percent moisture: The moisture content of the sam-
ples was determined by standard method of AOAC
(1984). Samples were heated for 24 hours at 60 °C
instead of 110 °C. After cooling the weight was taken
again. This process was repeated until constant weight,
% Moisture was determined by the following formula.

Difference in weight x 100
Weight of sample

Ug Moisture =

Organoleptic evaluation
All the samples were evaluated orgnaoleptically for
colour, texture, flavor and overall acceptability by the

method as describe by Larmond (1977). Samples
were presented to trained judges to compare them
and assign them scores between 1-9, where 1 repre-
sent extremely disliked and 9 represented extremely

liked. (9 Points Hedonic Scale).

Statistical analysis

'The results of various treatments were analyzed statis-
tically by analysis of variance using Complete Rand-
omized Design (CRD) and the means were separated
by LSD testasrecommended by Steel and Torrie, 1980.

Results and Discussion

'The neutralization of whey was carried out with dif-
ferent concentration of NaOH (0.1 and 0.01N) and
NaHCO, Whey was subjected to various analysis
and storage stability for a duration of four weak.

Proximate composition of liquid whey

Liquid whey used in present research has pH about
4.0 at 25°C. The data regarding proximate composi-
tion of liquid whey is presented in Table 1.The data
showed that liquid whey contained about 92.50 %
water while dry matter is about 7.5 %. Dry matter
contained 0.9 % protein, 4 % lactose (milk sugar), 0.4
9% fat, 0.5 % ash contents and 0.6 % fiber. These results
are fully in conformity with the findings of Watt and
Merrill (1963).

Table 1: Proximate composition of liquid whey.

Nutrients % amount
Water 92.50%
Protein 0.90%

Fat 0.40%
Ash 0.50%

Neutralization of whey

Acid whey has remained the least utilized form of
whey due to its poor flavor and difficult handling
characteristics. As whey has the pH round about 4.
With such low pH, utilization of whey to the food
products is not good, as it will leave bitter final taste
and flavor of the product. One of the solutions that
have always been desired is to convert acid whey into
a condition which can be better utilized in the pro-
duction of other food products. Before acid whey can
be widely utilized, it must be substantially deacidified.
'There are two technical approaches with are generally
considered to offer viable means to this end. The first
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is the routine neutralization of acid whey with an al-
kali solution and the other is electrodialysis or mem-
brane ion exchange (Eun et al., 1998). During present
research work first way of deacidification of whey is
used i.e. neutralization of whey (Table 2). Del et al.
(1995) also used whey which was neutralized with
25% NaOH solution and use this neutralized whey in
the manufacture of a Cuban dessert (Table 3).

Table 2: Neutralization of 100ml whey with different
concentrations of NaOH and NaHCO3 solutions.

Reagents Conc. Volume used pH adjusted
NaOH 0.1 76ml 7

0.01 800ml 7
NaHCO, 0.1 166.8ml 7

0.01 1500ml 7

Table 3: Neutralization of 100ml whey with NaOH
and NaHCO3.

Reagents gram used pH adjusted
NaOH 0.3g 7
NaHCO, 1.4g 7

During this research work 0.3g NaOH and 1.4¢ NaHCO, neutral-
ized whey was used in different treatments.

Storage effects on the quality of normal and neutralized
whey

The results of various physico-chemical characteris-
tics of normal and neutralized whey after four weeks
of storage period at room conditions are summarized

in Table 5.

% Moisture

Table 4 shows the results pertaining to the effects of
various treatments and storage intervals on percent
moisture of normal and neutralized whey stored at
room temperature. The mean values for (T,) normal
whey, (T,) NaOH-neutralized whey and (T,) NaH-
CO,-neutralized whey were 91.60, 91.24 and 91.24
respectively. The differences were statistically signifi-
cant (P<0.05). Normal whey (T ) had high percent-
age of moisture; this is due to its natural composition
i.e. no addition of any reagent as other two treat-
ments had. The analysis of variance for storage in-
terval means showed that there were high significant
(P<0.05) differences among the % moisture of normal
and neutralized whey at different storage intervals.
Table 4 shows a gradual and significant decrease in
the moisture as storage period increases. Evaporation
is the main reason of this decrease; other miner factors

are production of some acids and growth of mold and
yeast with the passage of time in liquid whey. These
all factors are same in liquid whey as in other milk
products. These results are closely resembled with the
finding of Mehta and Basette (1978) and Sinha et al.
(1968), who investigated the keeping quality of milk

during storage at room temperature.

Table 4: Moisture (%) of whey treated with different
concentrations of NaOH and NaH CO3 during storage.

Treat- Storage intervals Means
ments ) 1 2 3 4

T, 92.7 919 91.3 91.10 91 91.60a
T, 924 915 90.9  90.70 90.7 91.24b
T, 92.3 915 90.85 90.80 90.75 91.24b
Means 92.46a 91.63b 91.01c 90.86d 90.81d

Values followed by different letters are significantly (P < 0.05) differ-

ence from each other.

% Acidity

The data regarding to the %acidity of normal and
neutralized whey stored at room temperature are
shown in Table 5. The mean values for (T ) normal
whey, (T,) NaOH-neutralized whey and (T,) NaH-
CO,-neutralized whey were 1.02, 0.28 and 0.30 re-
spectively. The differences were highly significant
(P<0.05). Normal whey (T,) had high %acidity as
compare to other two treatments. T, and T, had very
low values of %acidity, infect these two treatments
were deacidified by adding NaOH and NaHCO,
respectively. Storage intervals also caused significant
(P<0.05) change in %acidity of all samples. Table 5
shows a gradual and significant increase in the %acid-
ity as storage period increases. The reason for this is
the production of some acid i.e. lactic acid and formic
acid during storage at room temperature. The forma-
tion of formic acid and lactic acid were the same in all
milk products with some variation. These results are in
agreement with Gould et al. (1946), who investigated
that titratable acidity increases in milk during storage.

Table 5: Acidity (%) of whey treated with different
concentrations of NaOH and NaHC O} during storage.

Treat- Storage intervals Means
ments 0 1 2 3 4

T, 0.9 095 098 1.0 1.3 1.02a
T, 031 030 028 027 025 0.28b
T, 035 033 030 028 026 0.30b
Means 0.52a 0.52a 0.52a 0.51a 0.60a

Values followed by different letters are significantly (P < 0.05) differ-

ence from each other.
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pH

Table 6 shows the results pertaining to the effects of
various treatments and storage intervals on pH of
normal and neutralized whey stored at room tem-
perature. The mean values for (T ) normal whey, (T')
NaOH-neutralized whey and (T,) NaHCO,-neu-
tralized whey were 3.52, 7.18 and 7.14 respectively.
'The differences were statistically significant (P<0.05).
Normal whey (T) had low pH as compared with
other two treatments. T’ and T, had pH near 7, as the
pH of these two treatments was shifted to 7 (neutral-
ization) by adding NaOH and NaHCO,. The anal-
ysis of variance for storage interval means showed
that there were high significant (P<0.05) differences
among the pH values of normal and neutralized whey
at different storage intervals. Table 6 shows a signif-
icant decrease in the pH as storage period increases.
'The reason for this is the gradual increase in the %
acidity due to the production of some acid i.e. lactic
acid and formic acid during storage at room temper-
ature. These changes in liquid whey are same as in
other milk products. These results are in resemblance
with the finding of the Gould et al. (1946), who in-
vestigated that pH decreases in milk during storage.

Table 6: PH of whey treated with different concentrations
of NaOH and NaHC O‘? during storage.

Treat- Storage intervals Means
ments 0 1 2 3 4

T, 4 3.80 3.6 3.2 3.0 3.52b
T, 6.8 7.0 7.2 7.4 7.5 7.18a
T, 6.6 6.9 7.1 7.5 7.6 7.14a
Means  5.80a 5.90a 5.96a 6.032 6.03a

Values followed by different letters are significantly (P < 0.05) differ-

ence from each other.

Total soluble solids

Table 7 shows the results related to the effects of var-
ious treatments and storage intervals on total soluble
solids (TSS) of normal and neutralized whey stored
at room temperature. The mean values for (T ) nor-
mal whey, (T,) NaOH-neutralized whey and (T))
NaHCO,-neutralized whey were 7.44, 7.76 and
7.83°Brix (degree Brix) respectively. The differences
were statistically significant (P<0.05). Normal whey
(T,) had high TSS; this is due to its natural com-
position i.e. no addition of any reagent as other two
treatments had. Storage intervals also caused high
significant (P<0.05) change in TSS of all samples.
Table 7 shows a gradual and significant increase in

the T'SS as storage period increases. In fact, this is due
to loss of moisture during storage, the T'SS of liquid
whey increased automatically. These results regarding
to T.S.S. are in agreement with the finding of Siddiqi
and Chughtai (1976), who found gradual increase in
T.S.S. in flavored milk during storage.

Table 7: TSS (“Brix) of whey treated with different
concentrations of NaOH and NaH CO.3 during storage.

Treat- Storage intervals

ments 1 2 3 4 Means
T, 732 741 7.49 7.5 7.52  7.44b
T, 7.7 7.75 7.78 7.8 781  7.76a
T, 7.8 7.82  7.85 786 7.86 7.83a
Means 7.60c  7.66b 7.70ab 7.72a 7.73a

Values followed by different letters are significantly (P < 0.05)
difference from each other.

% Crude protein

Table 8 shows the results pertaining to the effects of
various treatments and storage intervals on %crude
protein of normal and neutralized whey stored at
room temperature. The mean values for (T ) normal
whey, (T,) NaOH-neutralized whey and (T,) NaH-
CO,-neutralized whey were 0.87, 0.80 and 0.78 re-
spectively. The differences were statistically significant
(P<0.05). Normal whey (T ) had little high percentage
of %crude protein as compare with other two treat-
ments. As T and T  had little less %crude protein, this
is infact due to addition of NaOH and NaHCO, for
the purpose of neutralization, these reagents precipi-
tate out the protein and some of this protein may be
denatured. The analysis of variance for storage inter-
val means showed that there were statistically signif-
icant (P<0.05) differences among the %crude protein
of normal and neutralized whey at different storage
intervals. Table 8 shows a gradual and significant de-
crease in the %crude protein as storage period increas-
es. Infact the total nitrogen gradually decreased with
the increasing storage intervals. Proteolytic enzymes
originate from the growth of psychotropic vegetative
organisms in liquid whey stored at room conditions
(highly resistant against heat) destabilize the protein
during subsequent storage leading to gel formation.
These changes in % crude protein are similar in all
milk products with some variation. These results are
in agreement with Manji and Kakuda (1988), who
observed that % crude protein decreases due to pro-
teolytic enzymes and protein denaturation due to
some chemical and physical factors in milk during
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storage. Results are also in agreement with Dannen-
berg and Kessler (1988), they reported that degree of
denaturation of beta-lactglobulin in skim milk in-
creased from 10 to 99%.

Table 8: Crude Protein of whey treated with different
concentrations of NaOH and NaHC O‘,; during storage.

Treat- Storage intervals Means
ments 1 2 3 4

T, 0.9 0.89 0.87 0.87 0.85 0.87a
T, 0.81 0.8 0.78 0.77 0.74 0.80ab
T, 0.82 0.8 0.79 0.78 0.75 0.78b
Means 0.84a 0.83ab 0.84a 0.80ab 0.80ab

Values followed by different letters are significantly (P < 0.05)

difference from each other.

Organoleptic evaluation

All samples of normal and neutralized whey stored
under room condition were presented to panel of
trained judges for evaluation of color, taste, texture
and overall acceptability. This was repeated after one
week interval up to four weeks.

Table 9 shows the results pertaining to the effects of
various treatments and storage intervals on overall
acceptability of normal and neutralized whey stored
at room temperature. The score mean values for (T )
normal whey, (T,) NaOH-neutralized whey and (T)
NaHCO,-neutralized whey were 6.62,7.58 and 7.46
respectively. The differences were statistically signifi-
cant (P<0.05). Normal whey (T ) had fewer score as
compared with other two treatments. As T was nor-
mal whey (i.e. unnaturalized whey) and it had fewer
scores for color and taste, so the overall acceptability
for the T, and T, was good then T . Storage intervals
also caused high significant (P<0.05) effects on over-
all acceptability. These results are similar to the results
of Mehanna and Gone (1988), they found that the
organoleptic value of yoghurt decreases with increase
of storage period particularly flavor and taste, texture
and appearance.

Table 9: Mean score of color, flavor, texture and overall
acceptability of whey treated with different concentra-
tions of NaOH and NaH COJ during storage.

Sensory attributes T, T1 T2

Color 8.78a 8.8a 8.84b
Taste 5.65¢c 7.63a 7.51b
Texture 7.99a 7.15¢ 7.35b
Overall acceptability 6.62b 7.58a 7.46a

Conclusions and Recommendations

It is concluded that whey neutralized with 0.1N
NaOH revealed better results as compared to normal
and neutralized whey with NaHCO, and has more
shelf life during storage.
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