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ABSTRACT

Ras cheese whey is a by—product produced during cheese making. It has healthy nutritional contents that
are nearly equal to half of the nutritional value of milk. However, it is completely wasted. The objective of this
study is to utilize Ras cheese salt whey (W) in manufacturing cream (WC), butter (WB), and ghee (WG). The
prepared products were analyzed and compared with those made from cow’s milk [milk cream,(MC), milk butter
(MB) and milk ghee (MG),]. The attained results revealed that the yield of WB was significantly higher (82.12%)
than in MB (65.84%), and almost the same in WG, and MG. The WC had lower values, protein, and lactose but
contained higher acidity total solids, fat and ash than MC. Insignificant differences were observed in total solids,
and fat contents in WB compared to MB, while acidity and ash in WB were higher compared to MB. Profiles of
fatty acids (FA) were different in the prepared ghee since WG was richer in short and medium-—chain FA than
MG, while the opposite was recorded conceming long-chain FA. The prepared WG was characterized by much
higher values for saponification No., acid value, Reichert, and Polenske values while slightly lower values for
ester and thiobarbituric acid (TBA) than MG. The total sensory properties of WG and MG were very close and
did not differ in the case of WG and MG. Counts of total bacteria, yeast, and moulds were higher in cream, and

butter prepared from whey than those prepared from milk.
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INTRODUCTION

Fatty dairy products (cream, butter, and ghee) are high
in fat components that are good for health, high in cholesterol,
saturated and unsaturated fatty acids, and triacylglycerol
(Jensen, 2002). The cream is a part of milk rich in fat; it is
prepared by applying centrifugation at the whole milk based
on the difference in the specific gravity of fat and skim milk.
It consists of water (60%), lipids (37%), proteins (2.1%),
carbohydrates (2.8%), and ash (0.5%) (Karaca et al., 2018).
Butter is a water-in-oil emulsion; it is made usually by
churning fermented cream to separate the buttermilk from the
butterfat. It has a minimum fat content of 80%, a water
content limit of 16%, and often 3% non-fat milk solids (0.9%
protein, 0.1% carbohydrates, and 2.1% fat) (Mortensen et al.,
2011). Ghee is prepared by boiling butter or cream at 110 to
120°C to remove moisture. It has a minimum of 99.6% milk
fat, 0.4% free fatty acids, and a maximum of 0.1% maoisture
(Codex, 2003).

Cheese whey is a dairy by-product since every kg of
cheese produces around 9-10 L of whey (Tsermoula et al.,
2021). The production amount of cheese whey has increased
as a result of the dairy industry's rapid growth (Elleuch et al.,
2020). In just about the past 45 years, the worldwide
production of whey has increased by over 100% and reached
160 million tons in 2020. According to the global cheese
market, the worldwide production of cheese in 2023 is
estimated to be 26 million tons, leading to 230 million tons of
cheese whey (Ramaet al., 2019; Choi et al., 2020). More than
half of this whey is wasted, used as animal feed, biofertilizer
inirrigation systems, or dumped directly into the environment
(Kotoulas et al., 2019; Ostertag et al., 2021). The
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physicochemical properties of whey are influenced by many
variables, such as the type of cheese produced, the milk's
composition, the animal's food, the animal's lactation stage,
and management (Trindade et al., 2019). Generally, cheese
whey is composed of 90% water, 4-5% lactose, 0.6-0.8%
soluble proteins, 0.4-0.5% lipids, and 0.5-0.7% minerals (Guo
and Wang, 2019).

Cheese whey has a high biological oxygen demand
(BOD) and chemical oxygen demand (COD). This poses a
serious risk to aquatic life, the environment, and public health
when dumped into water sources because it decreases the
amount of dissolved oxygen in the water (Gonzéalez-Siso,
1996). About half of the amount produced is processed and
used in animal or human meals; the remainder is either sent
for effluent treatment, which incurs additional costs, or
originated from improper sewage disposal, causing water or
soil contamination and environmental hazards (Macwan et al,
2016; Izzo, et al., 2020). Due to its high nutritional value and
daily production, cheese whey is of great interest to the
industry and has the potential to be used as a food ingredient
(Rama et al., 2019). Sweet whey is utilized as a component in
the preparation of flour, meat products, drinks, and infant
food. Fruit beverages, fermented milk, and salad seasonings
are all made with acid whey [Smithers, 2015; Panghal et al.,
2018; Faucher et al, 2020). In addition, the separation of
whey fat using centrifugation and the possibility of using it in
making some dairy products were done by Bohdziewicz
(2006) and Jinjarak et al. (2006).

In Egypt, Ras cheese is the most popular hard cheese
similar to the Greek type (Kefalotyri), and its popularity is
mainly due to its unique taste and aroma. Ras cheese is usually
made in most Egyptian areas and small factories from raw
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milk to get the best flavour of cheese since no specific starter
culture is available for such cheese. Some trials were achieved
to improve the hygienic quality of the resultant cheese by
using pasteurized milk (Mehanna et al., 2008; Mehannaetal.,
2018). In all cases, Ras cheese salt whey is characterized by
its high salt content and richness with valuable milk
components such as protein, fat, lactose, whey proteins,
minerals, and lactic acid. Such whey, unlike sweet whey,
cannot be conveniently processed because of its high salt level
(Sanderson et al., 1994).

Ras cheese sweet whey was used in some studies to
prepare whey cream (El-Ghandour, 2015) and whey butter
(Aly, 2009). Why cream (WC) and whey butter (WB) are
characterized by a high concentration of unsaturated fatty
acids as well as biologically active substances (including
sphingomyelin and mucins) compared to those made from
milk (Parodi, 1999; Jinjarak et al., 2006; Aly, 2009 and
Nadeem et al., 2015). Aly (2009) reported that WB has higher
linolenic fatty acid content than MB, which gives it superior
nutritional quality and healthiness. Additionally, other
researchers showed no appreciable variations between the
physicochemical composition of WB and MB [Aly, 2009;
Nadeem et al., 2015; Morin et al., 2006].

On the other hand, Ras cheese salt whey was used in
processed cheese making (Ayad et al., 2011; Awad et al.,
2013)] and the production of clotting enzymes (EI-Tanboly et
al., 2013). However, salt whey is not recycled in any
significant industrial process so far in Egypt. This study aimed
to use Ras cheese salt whey to produce fatty dairy products
(cream, butter, and ghee) and evaluate the properties and the
acceptability of these products comparable to those made
from milk.

MATERIALS AND METHODS

Materials:

Fresh cow’s milk (C) (4.2% Fat, 3.2% protein, and
0.7% ash) was obtained from the dairy science department,
Faculty of Agriculture, Kafrelsheikh University, Egypt. Ras
cheese whey (W) with the composition of 0.8% fat, 0.8%
protein, 4.2% salt, and 0.4% ash were collected from El-Essay
dairy factory (Fuwwah city, Kafer EI-Sheikh governorate,
Egypt). DVS mesophilic culture (consisting of Lactococcus
lactis, Lactococcus cremoris, Leuconostoc cremoris, and L.
lactis diacetylactis) was obtained from Chr. Hansen,
Copenhagen, Denmark.
Manufacture of cream, butter, and ghee:
The milk cream (MC) and whey cream (WC) were prepared
by conventional centrifugal separation. The prepared MC and
WC were inoculated with 0.07% of the mesophilic culture
until pH 5.0£0.02 then churned to butter (MB and WB) using
the method described by Jinjarak et al. (2006). Ghee was
prepared from MB and WB by the traditional boiling
procedure.
Analysis Methods:
The yield of cream, butter, and ghee.

The yield of the resultant cream from milk or whey
was calculated according to the following equation:

The Yield of cream [%)] = [weight of cream/ weight of milk or
whey] *100.

The yield equation of butter was as the following:

The Yield of butter [%%] = [weight of butter/ weight of the used
cream] *100.

While in the case of ghee the yield was calculated as
the following:

The Yield of ghee [%6] = [weight of ghee/ weight of the used
butter] *100.
Chemical analysis of cream and butter:

Acidity percentage (as lactic acid) was determined as
the method described by Caric et al. (2002). Total solids were
achieved using direct oven drying in a forced air oven at 102
OC for 3h, while the ash content was obtained by burning the
samples at 550 °C in a muffle furnace (Marshall, 1992).
Using the macro-Kjeldahl method, the protein was produced
with a nitrogen-to-protein conversion factor of 6.38
(Marshall, 1992). The Mojonnier ether extraction method was
used to measure fat content (Marshall, 1992). According to
the procedure outlined by AOAC (2016), lactose was
quantified as follows: 250 ml of distilled water and 6 drops of
phenol (80%) were combined with 0.25 ml of the sample.
After then, 2 ml of the previous solution was mixed with 5 ml
of sulfuric acid (with blowing), and the mixture was then kept
for about 10 minutes at room temperature. A colourimeter set
at 490 nm was used to measure the colour's concentration.
Fatty acids composition and fat constants of ghee:

Fatty acids profiles of MG and WG were measured
according to AOAO (2016). The gas chromatographic
analysis was carried out using ACME model 6100 GC (Young
LIN Instrument Co., Korea) fitted with a split injector and FID
detector. Nitrogen was used as carrier gas with a flow rate of
0.8 ml/min. The components were separated on a 30 m SP —
2380 fused-silica capillary column with 0.25 mm i.d. and 0.2
pm film thickness (Supelco, Bellefonte, PA) and the detector
temperature was set at 260 °C. The injector temperature was
set at 220 °C in split mode (split ratio 1:80). The column was
initially maintained at 140 °C for 5 min, and the temperature
was subsequently increased to 240 °C at the rate of 4 °C /min.

All ghee samples were tested for saponification
number (SN), acid value (AV), ester value (EV), peroxide
value (PV), Reichert (Re) and Polenske (Po) values as
described in AOAC (2016). Thiobarbituric acid (TBA) and
hydroxymethyl furfural (Free and Potential HMF) were also
measured according to the procedures given by Pokorny et al.
(1985) and AOAC (20016) respectively.

Microbiological analysis of cream, butter, and ghee:

Microbiological analysis including total bacteria
counts (TBC), yeasts and moulds (Y and M) as well as,
coliform bacteria was done according to Frank et al. (1992).
Sensory evaluation of cream, butter, and ghee:

The sensory properties of fatty dairy products were
evaluated by ten professional panelists from Kafrelsheikh
University, Faculty of Agriculture. The cream samples were
assessed in the light of the information mentioned by Nelson
and Trout (1981) taking into consideration the acidity and
saltiness of whey used in making WC. The method described
by Bodyfelt et al. (1988) was used to evaluate the sensory
properties of butter, while the method of Pena-serna et al.
(2020) was used to estimate the sensory of ghee.

Statistical analysis:

The SPSS version 10.0 programme was used to
conduct the statistical analysis. Analysis of variance and
Duncan's test at the significance level of p = 0.05 were used to
measure the significant differences between means. Three
replicates of the data were used to calculate the mean and
standard error (SE) (SPSS, 2016).
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RESULTS AND DISCUSSION

The yield of cream, butter, and ghee:

Although the vyield of milk cream (MC) was
dramatically higher compared to cream prepared from whey
(WC), the yield of butter from whey (BW) was significantly
higher compared to that obtained from milk (BM) (Table 1).
The presence of high salt in CW could be an affecting factor
in this respect. On the other hand, the yield of milk ghee (MG)
was similar to whey ghee (WG).

Table 1. The yield (%) of cream, butter and ghee
prepared from milk and Ras cheese whey

Raw Yield (%0)

materials Cream Butter Ghee
Milk 78.1840.93%  65.84+0.93° 77.10+0.022
Whey 1.04+1.41° 82.12+1.41@ 77.34+0.14°

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (P <0.05)

Chemical analysis of cream:

The acidity and gross chemical composition of cream
prepared from milk (MC) and whey (WC) are shown in Table
(2) The WC was characterized by higher significant (P <
0.05) values for acidity, TS, fat, and ash while significantly
lower values for protein and lactose. The present results agree
with those given by El-Ghandour (2015) who reported that
WC had significantly higher values of acidity, TS, fat and ash
whereas the protein content was significantly lower compared
to MC. Brighenti et al. (2021) reported that the TS and fat
contents in WC were significantly higher however protein
was significantly lower compared to MC. In addition, the data
given by Morin et al. (2006) confirmed that WC contained
higher TS and lower protein content compared to MC. The
fermentation of lactose during Ras cheese making may be
responsible for the high acidity and the low lactose content of
the prepared cream from whey.

Table 2. Acidity (%) and gross chemical composition (%6) of cream prepared from milk (MC) and from Ras cheese whey (WC).

Cream Acidity TS Fat Protein Lactose Ash
MC 1.25+0.17° 65.94+0.16° 52.44+0.24° 1.49+0.012 12.32+0.012 0.11+0.00°
wC 2.60+0.162 72.460.28% 66.77+0.222 0.67+0.00° 3.67+0.01° 1.5+0.0112

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (P <0.05)

Chemical analysis of butter (B):

Table (3) shows insignificant differences (P >0.05) in
TS and fat content between MB and WB. On the other hand,
acidity value and ash content were significantly higher (P <
0.05) in WB compared to MB. The attained results agreed
with the data given by Aly (2009) who used Ras cheese whey
in the making WB and gave the values (%) of 83.85 and 80.08
for the TS and fat contents of WB, whereas the corresponding
contents of MB were 83.38 and 79.4 in order. According to
Morin et al. (2006) MB and WB had the exact contents of TS
and fat. In general, many researchers confirmed no
remarkable differences between MB and WB in their
physicochemical properties (Jinjarak et al, 2006 and
Nadeem, et al, 2015).

Table 3. Acidity (%) and chemical composition (%6) of butter
prepared from milk cream (MB) and from whey

cream (WB).
Butter Acidity TS Fat Ash
MB 0.50+0.00° 80.92+0.02* 79.22+0.32¢  0.52+0.00°
wB 2.00+0.00* 81.17+0.14*° 80.33+0.66* 1.23+0.08

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (P <0.05)

It may be of benefit to reveal that a valuable by-
product (buttermilk) was collected when butter was prepared
from whey. Analysis of the collected buttermilk revealed it
contained much higher TS (13.97%) and ash (5.45%), while
lower fat (1.48%) than those of buttermilk collected during
making butter from milk since the corresponding values were
7.66%, 0.8%, and 2.22% in order (not tabulated data). More
details were about the composition, quality, and importance
of buttermilk were recently given by Hebatalla et al. (2018)
and Mehanna et al. (2020).

Fatty acids composition and fat constants of ghee:

As shown in Table (4), fatty acids can be classified
according to their length to short-chain (SCFA), medium-
chain (MCFA), and long-chain fatty acids (LCFA). The
SCFA (C4-8) content was much higher (3.52%) in WG

(prepared from whey) than in ghee prepared from milk (MG)
since the corresponding content was as a percentage of the
total only 1.59%. This was also true concerning MCFA (C10-
14) since their percentages were 22.94 and 21.23 for whey
ghee (WG) and milk ghee (MG), suggesting richness of WG
with short and medium-chain fatty acids. The opposite was
observed concerning LCFA (C15-18) since the recorded
values for WG and MG were 71.06% and 76.94%. However,
in both cases, fatty acids composition showed on the order of
LCFA > MCFA > SCFA. 1t is clear to notice that WG are
almost free of all unsaturated fatty acids except oleic acid
(C18 1n9c), presented in a significantly higher percentage in
WG (20.81) compared to MG (14.86). By the way, the
content of the total saturated fatty acids in MG is much higher
compared to the unsaturated fatty acid. The differences in
fatty acids composition of butter samples prepared from milk
or whey were the main reason for the recorded differences in
the fatty acids profile of the prepared ghee samples. Expect a
softer, smoother body and texture, as well as greater
spreadability and a lower melting point of the fatty product
due to the higher level of SCFA and unsaturated fatty acids
(Shi, et al. 2001; Aly, 2009). On this point, Aly (2009)
mentioned that WB had a higher content of SCFA and total
unsaturated fatty acids than MB. The prementioned MB was
prepared from cow’s milk, whereas Ras cheese whey was
used for making WB. Data of MG agree —in general — with
many previous types of research (Abd El-Aziz, 2008; Kumar
et al., 2018; Zommara et al., 2018) which reported that MG
had much higher LCFA followed by MCFA than SCFA. In
addition, the concentration of saturated fatty acids in MC was
significantly higher compared to unsaturated fatty acids (Hae-
Soo et al., 2013; Zommara et al., 2018). On the other hand,
no data are available from the works of literature for making
a comparison between MG with WG.

Such differences in fatty acids profile due to the
various sources of the prepared ghee greatly affected the fat
contents of the products. Table 5 reveals that the fat content in
WG did not differ (P > 0.05) with MG. The saponification
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number (SN) and acid value (AV) were higher (P < 0.05) in
ghee prepared from whey (WG) than those of MG. Such as
values accompanied by more SCFA given for WG as shown
in Table 4. Whereas MG contained so much higher ester
value (EV) (22077) compared to WG (649). The same
correlation was previously mentioned by Zommara et al.
(2018).

In the present study, the oxidation of fat was followed
up by measuring peroxide value (PV) and thiobarbituric acid
value (TBA). Both values were slightly lower in WG than in
MG (Table 5). However, the period needed, and conditions of
such oxidation should be considered. Gray (1978) mentioned
that there was a transformation of peroxides and
hydroperoxides into some aldehydes, ketones and other
compounds negative to peroxide reaction. On the other hand,
the volatile fatty acids (VFA) in the prepared ghee samples
expressed as Reichert value and Polenske value were much
higher in WG compared to MG and were accompanied by a
higher content of SCFA (Table 4). However, the prementioned
values represent soluble and insoluble VFA (Davis, 1953).

Table (5) reveals WG was characterized by a much
higher value in free hydroxymethyl furfural (HMF) than MG.
such value was accompanied by a higher value for potential
HMF. The use of annatto as a colouring agent for Ras cheese
besides the processing could be the reason for such an increase
in free and potential HMF.

Table 4. Proportions of fatty acids (%6 of the total) in ghee
prepared from milk (MG) and from Ras cheese

whey (WG).

Fatty acid MG WG

C8 1.59+0.03° 3.52+0.23?
C10 3.17+0.50° 5.67+1.15?
C12 3.44+0.80° 4.24+0.032
C14 12.71+1.562 13.03+0.65%
C14 1n9c 191+0012 -
C15 2.0540.152 1.51+0.06°
C16 38.65+3.022 30.84+2.15°
C16 1n9c 143+0000 =
C17 122+40.08¢ = -
C18 15.50+1.23° 17.19+0.86°
C18 1not 1.93+0.432 0.71+0.00°
C18 1n9c 14.86+2.27° 20.81+1.582
C18 2n6c 0.69+0.002 -
C183n3 0.61+0.012 -
SCFA (C4-8) 1.59+0.10° 3.52+0.032
MCFA (C10-14) 21.23+0.53" 22.94+1.002
LCFA (C15-18) 76.94+3.15% 71.06+2.75°

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (P <0.05)

Table 5. Fat constants of ghee prepared from milk (MG)
and from Ras cheese whey (WG).

Property MG WG

Fat (%) 99.85+0.822 99.82+0.542
Saponification number (SN) (mg KOH/g)  221.77+0.70°  640+2.882

Acid value (AV) (mg NaOH/qg) 0.99+0.07°  153+0.032
Ester value (EV) 22077+0.162 649+3.53"

Peroxide value (PV) 0.80+0.16 0.731£0.162
Thiobarbituric acid (TBA) 0.34+0.00%  0.26+0.00°

Reichert value 25.88+0.35° 30.44+0.552
Polenske value 2.62+0.05°  3.36+0.042
Free HMF 0.62+0.01° 1.81+0.012
Potential HMF 250+0.01* 2.56+0.09°

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (P < 0.05)

Our results of the ghee constants were found to be
within the parameters of Egyptian standards (ES: 154-
8/2005). It may be interested to point out the results given in
the literature in this respect for milk ghee prepared by boiling.
Khalifa and Mansour (1988) gave values of 0.40, 0.0 and
0.105 for AV, PV and TBA in order, whereas Metwally et al.
(2001) gave values of 0.4 and 0.53 for AV and PV in order.
Zommara et al. (2018) analyzed anhydrous milk fat (Ghee)
and gave values of 227.4 for SN, 0.12 for AV, 0.8 for PV, and
values of 29.6 and 1.17 for Reichert and Polenske
respectively. The values of SN and AV in cow ghee were 217
(mg KOH/g) and 0.12 (mg NaOH/qg) in order (Bodyfelt, etal.,
1988).

Microbiological analysis of cream, butter, and ghee:

The quality of all the prepared products was tested by
carrying out microbiological analysis including total bacterial
count (TBC) and counts of yeasts and moulds (Y & M) as
well as coliform. In comparison, Table (6) reveals that the
numeration of bacteria as log CFU/g was higher (4.61) in the
case of WC than 4.06 in MC. This also was recorded for butter
samples with counts (log CFU/g) of 8.42 and 8.08 for WB
and MB in order. The same trend of results was observed
concerning Y & M since their counts were always higher in
the products made from whey (WC and WB) than those made
from milk (MC and MB), while the boiling process done in
making ghee was able to kill all the bacteriaas wellas Y & M
present in cream and butter. All the prepared ghee samples
were free of bacteria and Y & M, at the same time all the
prepared fatty dairy products were free of coliform suggesting
good hygiene with no contamination during processing. The
total count of milk cream agreed with Jay (2000), who
reported that its count was 4.30 CFU/ml. Johnson et al. (1997)
illustrated that TBC and Y&M in WC were significantly
higher compared to the counts in MC, this may be related to
the low hygienic conditions during cheese production and
whey handling before pasteurization.

Table 6. Microbiological quality (Log CFU/g) of cream
(MC) butter (MB) and ghee (MG) prepared
from milk and from Ras cheese whey expressed
as WC, WB and WG in order.

Product Total bacteriacount Yeast & Moulds Coliform
MC 4.06+0.13° 3.90+0.05° ND
wWC 4,61+0.03? 4.80+0.022 ND
MB 8.08+0.14° 4.54+0.03° ND
WB 8.42+0.032 4,93+0.022 ND
MG ND ND ND
WG ND ND ND

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (p < 0.05)
- ND: Not detected

Sensory properties of cream, butter, and ghee:

The scores given for appearance, body & texture and
flavour of WC were lower (P < 0.05) than those of MC, but
the total score of WC was higher than 65 out of 100 points
suggesting the prepared WC was acceptable in general (Table
7). Johnson et al. (1997) reported that the WC was
characterized by lower flavour and quality than MC. The
undesirable flavour of WC may be attributed to the high
acidity produced by starter bacteria during cheese
manufacture as well as the high salt content of the used whey.

The data tabulated in Table (8) show insignificant
differences between the butter made from milk and whey in
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flavour and body & texture attributes. The whey butter (WB)
recorded significantly lower scores of colour, appearance and
salts than milk butter (MB). The unfavourable colour of WC
and WB may be related to adding Annatto colouring agent to
milk cheese during the processing of Ras cheese which
transferred to the resultant whey used in the manufacture of
WC and WB. On the other hand, the used whey in the
manufacture of WC and WB was salted (4.2%). However, the
milk cream used in making MB was unsalted, so the salty
taste of whey products was significantly lower than those
made from milk. Although the total score of sensory
properties of WB was significantly lower than MB, it was
very acceptable to the panelists. The differences in the sensory
properties between MB and WB were also obtained by Aly
(2009), who confirmed the major difference between WB and

MB is that WB had a strong yellow colour than MB (glossy
light-yellow) which was unacceptable as the colour of MB.
WB has a softer texture than MB due to a higher percentage
of unsaturated fatty acids in whey cream. According to
Jinjarak et al. (2006), WB was more yellow than MB, while
the texture of MB was generally harder than WB.

The comparison between MG and WG in the sensory
evaluation was shown in Table 9. MG recorded significantly
higher scores for appearance and texture. Contrarily, the
odour and flavour of WG were higher compared to MG. It
was interesting to observe, the total score given for MG was
remarkably close to that given to WG. Aly (2009) reported
that whey butter with a high flavour rating is more suited for
preparing or cooking Samna (ghee).

Table 7. The sensory properties of cream prepared from milk (MC) and from Ras cheese whey (WC).

Cream Appearance Body & Texture Flavour(60) Total
(10 (30) Acidity (30) Saltiness (30) (100)

MC 8.8810.26% 28.77+0.332 28.33+0.372 29.22+0.272 95.20+0.142

WC 6.00+0.25° 20.33+1.14° 22.55+0.8° 18.66+0.84° 67.54+0.09°

- Data are mean + SE for three replicates

- Means with different superscripts differed significantly (P < 0.05)

Table 8. The sensory properties of butter prepared from milk (MC) and from Ras cheese whey (WC).

Butter Flavour (10) Body & Texture (5) Colour & Appearance (5) Salt (3) Total (23)

MB 9.21+0.70% 4.54+0.26% 4.84+0.542 2.58+0.322 21.1741.312

WB 9.18+0.86% 4.46+0.38° 4.37+0.42° 1.85+0.10° 19.86+1.01°

- Data are mean + SE for three replicates

- Means with different superscripts differed significantly (P < 0.05)

Table 9. The sensory properties of ghee prepared from milk (MG) and from Ras cheese whey (WG).

Ghee Appearance (5) Odour (5) Flavour (5) Texture (5) Total (20)

MG 5.10+0.072 4.04+0.04° 4,03+0.15° 5.00+0.10% 18.20+2.31%

WG 4.11+0.16° 4.56+0.18? 4.65+0.16% 4.47+0.14° 17.7243.012

- Data are mean + SE for three replicates
- Means with different superscripts differed significantly (P < 0.05)

CONCLUSION

In conclusion, acceptable fatty dairy products (cream,
butter, and ghee) could be manufactured successfully from
Ras cheese salt whey, especially for ghee. Since the total
sensory evaluation of whey ghee (WG) was almost the same
as that of milk ghee (MG). It is quite important to recover
valuable milk constituents from the salted whey on one side
and to minimize the environmental pollution on the other side.
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