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Abstract: In this study, the effect of replacing water with fermented skim milk (FSM), acid cheese whey (ACW)
and buttermilk (BM) on some quality characteristics of dough and white wheat pan bread and its possible usage
in bakery sector were investigated. The selected dairy ingredients were first pasteurized and then used in the
liquid form at 25, 50, 75 and 100% levels of water in bread making. The effect of their replacing on rheological
of the dough, bread quality characteristics, crumb texture and nutritional value of the resulting bread were
studied. Data showed that, use of FSM; ACW and BM at all replacing levels increased water absorption,
stability time, development time and decreased maximum resistance to extension, extensibility and energy. The
breads prepared using selected dairy ingredients gave satisfactory results on the physical properties of bread
(volume, specific volume and density). Overall acceptability of the resulting bread was comparable to the
control bread at replacing level of 25 and 50%. In addition, the resulted breads were more nutritious, richer in
flavor and taster compared to the white wheat bread. The addition of dairy ingredients in bread dough resulted
in retardation of staling rate thus leading to a softer texture. The results suggested that FSM and ACW can be
replacing water with 25 and 50%, while BM with 25% in bread making in order to achieve better bread properties
comparable to those of the control breads. Consequently, some dairy by-products which are mostly considered
as production wastes will be utilized and it will not only provide an added value for the food industry, but also
increase the nutritional value of the bread, as consider staple food in the world.
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INTRODUCTION dough and the quality of bread is adding dough

Bakery products in the Middle East especially in the additive mixture. In bread baking, addition produces an
Arab countries consider an important source of nutrients effect that can result in many desirable benefits including
i.e. energy, protein, minerals and vitamins. Most bakery increased extensibility, volume and improved crumb
products can easily be enriched and fortified at low cost softness. In our days there is a permanent preoccupation
with proteins, vitamins and minerals to meet specific for an efficient recovery of utile substances from by-
needs  of  the  target  groups  of  the   population    [1]. products from milk industry, especially in human nutrition.
The current trend in the modern   consumer  orientation Research progress made possible a reevaluation of
to new food products which satisfy both nutritional and nutritional value of these products. From the main
sensorial requirements make to  appear  new  products  on technological processes from milk technology results
the food market. The bakery industry takes an important three principal by-products: nonfat milk, whey from
place in commodity market because of the fact that bread cheese obtaining technology and buttermilk from butter
is a very important food product which is consumed daily technology [2]. Whey is a by-product resulting from dairy
by people. A method of improving the properties of industry especially cheese production. Both traditional

ingredients, ingredient mixture or dough additives or
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and modern methods of cheese manufacture produce a and prevent acidification and provide better control of
huge amount of cheese whey (about 83% of the entire
volume of milk used). Whey is classified to two types,
sweet whey with a pH of about 6.02-6.58 and acid whey
with a pH of 3.57-4.34 [3].  Whey  had  been  a  major
world-wide disposal and pollution problem for the dairy
industry. Thus, nutritionally  valuable  food  resource
was wasted and added to the environmental pollution.
Biological Oxygen demand for whey is considered to be
high varying from 30.000-60.000mg/L [4].

In recent years, utilization of whey has been felt  to
be an inexorable necessity in view of the current
requirements for alleviating environmental pollution as
well as using available nutrients for feeding the
malnourished segments  of  human  population.  Whey
can  be  incorporated   advantageously   into  various
food formulations [5]. Yousif et al. [6] studied the
concentration of acid whey and its functionality in French
type bread; they reported that the stability and the
mechanical tolerance index of French bread dough was
improved by the addition of whey solids, as were the
internal and external characteristics of the bread. In
addition, they found that the addition of whey solids had
a retardation effect on bread staling and extended its
storability by two days. Buttermilk is an important dairy
by-product, obtained by churning cream for butter
manufacture or from churned yoghurt. It is a good source
of proteins, carbohydrates, minerals, vitamin A, calcium,
tocopherol and good cholesterol. Buttermilk is used as a
dairy ingredient which is widely used in food industries
for its emulsifying capacity and positive impact on flavor
[7]. Buttermilk either in fluid, concentrated or dried form
has been used in the manufacture of some bakery
products such as bread, biscuits, cakes, etc. It is a
valuable ingredient in specially bakery products requiring
short texture, without excessive dryness. Buttermilk solids
at usage level of 3.0% of flour weight have been
recommended [8]. Masur et al. [9] studied the buttermilk
in liquid form and its effect on bread quality; they found
that replacement of water with buttermilk in bread to the
extent of 25% in dough, improved loaf characteristics
which in turn enhanced the physical and sensory
attributes of bread.

Incorporation of milk and its products in baking
technology in various forms (whole milk powder, skim milk
powder, liquid cheese whey, butter milk, fermented milk,
whey powder and/or whey protein concentrates) for
several desired functions in food products. They improve
moisture absorption capacity of dough, facilitate dough
handling, increase buffering capacity during  fermentation

amylase activity. They are known to minimize the effect of
over mixing, enhance flavor development and crust color,
strengthen crumb structure and texture, improve moisture
retention and retard staling process and enhance
nutritional value which include increasing calcium and
protein content and supplementing the essential amino
acids including lysine, methionine and tryptophan. These
functional benefits are a direct result of the effects of milk
fat and protein [6, 10, 11, 12]. 

The  present  study  aims   to   utilize   some    dairy
by-products (i.e. acid cheese whey, buttermilk) and
fermented skim milk in bread making and to evaluate the
effect of replacement of water with the selected dairy
ingredients on rheological, physical, textural and sensory
characteristics of white wheat pan bread.

MATERIALS AND METHODS

Raw       Materials:      Australian       wheat         flour
(WF, 72% extraction) was obtained from Five Stars
Company, Swiss City, Egypt. Ingredients like sugar, salt,
instant active dry yeast and shortening were purchased
from the local market, while, gluten, sodium stearoyl
lactylate (SSL), bread softener and calcium propionate
were obtained from Symbiosis Biotech, India. Three dairy
ingredients were used in this study: acid cheese whey
(ACW) and fermented skim milk (FSM) were collected
from the dairy pilot plant-Food Technology Research
Institute and buttermilk (BM) was collected from the local
small farms. These dairy ingredients were first pasteurized
at 85°C/10 min, cooled and water was replaced by FSM,
ACW or BM at levels of 25, 50, 75 and 100% in bread
making. All chemicals used for analyses were of analytical
grade.

Bread Making: The conventional straight-dough method
for pan bread was performed according to the procedure
developed by AACC [13]. The formula used to make
breads is given in Table 1. Different wheat doughs were
prepared as follows:

1. Wheat flour (72% extraction + optimum amount of
water calculated from water absorption which was
measured by farinograph).

2. WF + (75% water + 25% FSM). 
3. WF + (50% water + 50% FSM). 
4. WF + (25% water + 75% FSM). 
5. WF + (0% water + 100%FSM). 
6. WF + (75% water + 25% ACW).      
7. WF + (50% water + 50% ACW). 
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Table 1: Ingredients and conditions for baking.

Ingredients Quantity (%) Conditions for baking
Flour 100 Mixing 2 min low then 10 min high

Water / and FSM, ACW or BM* Optimum, based on adding 
ratio of dairy ingredients -- --

Salt 1.6 -- --
Yeast 1.7 -- --
Sugar 5.0 Resting time 10 min
Bread improver 1.3 Sheeting, molding and panning 2 min
Gluten 2.0 Fermentation (Proofing) 52 min/37°C/86 RH**
SSL*** 0.1 Baking 21min/210°C
Shortening 3.0 Cooling 60 min/25°C
Bread softener 0.5 Slicing and packaging 19 slice/one loaf in polyethylene bags
Calcium propionate 0.18 -- --

*(FSM) Fermented skim milk; (ACW) Acid cheese whey; (BM) Buttermilk (Replacement of water with 25, 50, 75 and 100% of FSM, ACW or BM); **
(RH) Relative Humidity and *** (SSL) sodium stearoyl lactylate.

8. WF + (25% water + 75% ACW). Physical Measurements of Pan Bread: Loaf weight (g) of
9. WF + (0% water + 100% ACW). the resulting bread was measured after cooling for one
10. WF+ (75% water + 25% BM). hour, on digital scale, while loaf volume (cm ) of bread
11. WF + (50% water + 50% BM). was measured using rapeseed replacement method
12. WF + (25% water + 75% BM). according to the procedure of AACC [13]. Specific volume
13. WF + (0% water + 100% BM).  (cm /g) of bread was calculated by dividing loaf volume

To make bread, the dry ingredients were manually calculated by dividing loaf weight by its volume. Total
mixed in a wide bowel and then added to mixing bowel titratable acidity (TTA) of raw materials and bread
containing water or (water + dairy ingredient) and samples was evaluated following the method described in
shortening. The components were thoroughly mixed with AACC [13]. The pH value was determined for all tested
electric mixer for 2 min at low speed. The mixing speed was samples by a pH meter (Jenway, 3510, UK).
then changed to medium for 2 min and then at high speed
for 8 min. The dough was divided into pieces of 500g, Determination of Minerals: Minerals content was
rounded by hand and allowed to relax for 10 min. The estimated by atomic absorption spectrophotometer (model
doughs were molded then panned and proofed 3300, Perkin-Elimer, Beaconsfield, UK) according to the
(fermented) for 52 min at 37°C and 86% relative humidity procedure outlined by AOAC [14].
in a fermentation cabinet. The proofed pieces were baked
at 210°C/21 min in an electric oven. Subsequently, the Sensory Evaluation: Loaves were organoleptically
baked bread samples were then depanned and cooled for evaluated for their external and internal properties by a
1h at room temperature, packed in polyethylene bags and thirteen stuff members of Food Technology Research
used for further analyses. Institute, Agricultural Research Center, Giza, Egypt

Analytical Methods: were asked to score for crust color (10), crumb color (10),
Proximate Analysis of Raw Materials and Bread volume (15), texture (15), grain (15), symmetry of form (5),
Samples: Moisture, ash, protein and crude fat were aroma (10), taste (10), mouthfeel (10), slicing quality (5)
determined according to the method of AACC [13]. and overall acceptability (100).
Carbohydrates were calculated by difference. Falling
number, wet, dry gluten content and gluten index in the Amino Acids Content: The content of amino acids was
flour sample were determined by the method described in determined with amino acid analyzer (Biochrom 30,
AACC [13]. France) according to the method of AOAC [14].

Rheological Characteristics: Rheological characteristics Measurements of Bread Crumb Texture: The
of dough samples were tested using a farinograph and instrumental texture measurements were made on fresh
extensograph apparatus according to the method and stored bread samples with an Instron universal
described in AACC [13]. testing machine (Cometech, B type, Taiwan), provided
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by its weight, while density (g/cm ) of bread was3

according to Lawless and Heymann [15]. The panelists
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with software as described by Davidou et al. [16]. One cm prepared by replacing water with different levels of FSM,
of the edges of the bread samples was removed from all
sides. Approximately (40 x 40 x 30) mm piece was punched
out, placed on the flat stage and the texture determined.
Texture profile analysis (TPA) was performed with an
aluminum cylindrical probe (25 mm in diameter). Bread
slices were compressed to 50% of their original height at
a deformation speed of 1 mm/s and the compression curve
was recorded. The software was used to calculate
firmness (N), cohesiveness, gumminess (N), chewiness
(N), springiness and resilience values of the bread
samples. Means of six replicates and standard deviations
for TPA parameters were calculated and used for
correlation analysis.

Statistical Analysis: All data were expressed as mean
values ± standard deviation for three separate
determinations. Statistical analysis was performed using
one way analysis of variance (ANOVA). Differences
among means were compared using the Duncan's multiple
range test with a significant level of P<0.05. Relationship
among measurement variables were studied using Pearson
correlation, R being the correlation factor. Statistical
analysis was conducted with the Statistical Analysis
System [17].

RESULTS AND DISCUSSION

Physico-Chemical   Analysis  of  Raw  Materials:
Physico-chemical composition of fermented skim milk
(FSM), acid cheese whey (ACW), butter milk (BM) and
wheat flour (WF) is given in Table 2. Data showed that
buttermilk had higher levels of fat (6.33%), acidity (1.1%)
while acid cheese whey had a lower fat and protein
content (0.1% and 0.5%, respectively) compared with
other raw materials. Wheat flour was rich in its
carbohydrates content (71.93%) in addition to its protein
content (12.7%). On the contrary, fermented skim milk had
lower carbohydrates content (3.76%) and a lower pH
value  (3.99)  compared  with  other   raw    materials.
These results are in agreement with those obtained by
Masur et al. [9], Demir et al. [18], Ammar et al. [19] and
Lonkar et al. [20].

Rheological Characteristics of Wheat Dough Prepared
by Replacing Water with Different Levels of Selected
Dairy Ingredients: Rheological characteristics reflect the
dough properties during processing and the quality of
final product. Table 3 shows the results of the farinograph
and   extensograph   evaluation   of   wheat   flour   dough

ACW or BM. Comparing to control dough (100% water)
FSM, ACW or BM as a function of increase protein
percent in the dough. This effect was more pronounced in
wheat flour dough prepared by replacing water with
different levels of buttermilk, whereas the increase in
water absorption was up to 27% in the dough sample with
100% buttermilk. Since, it is known that most dairy
proteins are water soluble but gluten, wheat dough
protein, is mostly water insoluble [21, 22]. Higher water
absorption capacity of dough represents consistency
which is desirable in bread making. Therefore, it is found
that increase in replacing level of FSM, ACW or BM
linearly increases water absorption capacity of dough.
These results were expected due to structural modification
in dough due to add of FSM, ACW and BM which allow
more water absorption due to hydrogen bonding.
Erdogdu-Arnoczky et al. [10] observed that dairy
ingredients including whey powder increased water
absorption. Al-Eid et al.[23] reported that dough prepared
by the 100% of unfermented or 25% of fermented
permeate has significantly higher water absorption as well
as Gélinas et al.[24] found that fermented milk gave a
significantly  higher  dough  water  absorption  compared
to  the  non-fermented milk. The higher water absorption
of  dough  samples  (S2-S13)  may  have  been  due    to
the   increased   hydration   capacity   of   the   selected
dairy ingredients, particularly buttermilk. This increase
could be attributed to the water-soluble components of
FSM, ACW and BM such as lactose, albumins and
globulins [25]. It has been well established that milk solids
influence dough absorption. It is generally rule that
dough absorption increases by a percentage equal to that
of the dairy product used [26]. Erdogdu-Arnoczky et al.
[10] found that bread dough prepared with acid whey
powder required 1% more water than did the control when
heated at 80°C.

With respect to dough development time, it could
observed from the Table 3 that wheat flour dough had the
lowest development time (1 min), which increased upon
replacing water with FSM, ACW or BM. Dough
development time ranged from 1.0 to 5.0 min. The finding
of the present study are in conformity with the studies of
Bilgin et al. [25] who reported an increase in dough
development time when FSM, ACW or BM was used to
replace water in the wheat flour dough. Dough stability,
which is an indicator of dough strength, also increased
significantly (P<0.05) in the dough sample with 25 and
50%  FSM reached 16 and 15.5 min, respectively, while the
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Table 2: Physico-chemical analysis of raw materials (% dry weight).

                    Ingredients
-----------------------------------------------------------------------------------------------------------------------------------------------

Characteristic FSM ACW BM WF

Moisture  90.13  ±0.02 91.77  ±0.02 78.85  ±0.02 13.55  ±0.11b a c d

Total solids 9.87  ±0.02 8.23  ±0.02 21.15  ±0.02 86.45  ±0.11c d b a

Protein* 2.61  ±0.02 0.51  ±0.015 3.42  ±0.03 12.70  ±0.05c d b a

Fat 2.52  ±0.19 0.103  ±0.015 6.33  ±0.025 1.31  ±0.015b d a c

Ash 0.98  ±0.02 1.93  ±0.02 0.613  ±0.015 0.51  ±0.018b a c d

Wet gluten -- -- -- 35.63 ±0.065
Dry gluten -- -- -- 12.40 ±0.075
Gluten index -- -- -- 97.55 ±0.1
Falling number -- -- -- 486 ±0.00
pH value 3.99  ±0.03 4.15  ±0.02 4.31  ±0.02 6.77 ±0.02d c b a 

TTA** 0.98  ±0.02 0.87  ±0.03 1.1  ±0.11 0.04  ±0.01b c a d

Total carbohydrate 3.76  ±0.24 5.69  ±0.04 10.79  ±0.03 71.93  ±0.06d c b a

(FSM) Fermented skim milk; (ACW) Acid cheese whey; (BM) Buttermilk; (WF) Wheat flour.
*Nx5.70 for wheat flour; Nx6.38 for dairy by- products.
**Total titratable acidity as % lactic acid.
Data are mean values ± standard deviation of three determinations.
Mean values in the same row followed by different superscript letters are significantly different at P<0.05.

Table 3: Effect of replacing water with different levels of selected dairy ingredients on rheological properties of wheat flour dough. 

Farinograph parameters Extensograph parameters
---------------------------------------------------------------------------------------------------- -----------------------------------------------------------------
WA AT DDT DST DS MTI MRE EX Eg

Samples  (%) (min) (min) (min) (B.U) (B.U) (B.U) (mm) PN (cm )2

1 61.30  ±0.2 0.5 ±0.2 1.0 ±0.2 14.5 ±0.2 0.0 ±0.0 20 ±2.0 460 ±2.0 140 ±2.0 3.29 ±0.04 113 ±2.0l e f cd g d a a a a

2 70.43 ±0.15 2.0 ±0.2 5.0 ±0.1 16.0 ±0.2 10 ±1.0 20 ±2.0 390 ±2.0 142 ±1.0 2.75 ±0.02 95 ±3.0h b a a f d c a d c

3 71.60 ±0.2 2.0 ±0.2 4.0 ±0.1 15.5 ±0.3 30 ±1.0 30 ±2.6 230 ±2.0 85 ±2.0 2.71 ±0.6 31 ±2.0g b c ab d c j g d i

4 73.30 ±0.2 2.0 ±0.2 4.5 ±0.2 14.0 ±0.4 0.0 ±0.0 30 ±3.0 210 ±2.0 82  ±1.0 2.56 ±0.3 22 ±1.0f b b d g c k h ef j

5 75.60 ±0.2 1.0 ±0.2 3.0 ±0.1 12.0 ±0.2 60 ±1.0 40 ±5.0 110 ±2.0 65  ±2.0 1.69 ±0.4 15 ±2.6e d d f a b l i g k

6 62.92 ±0.02 1.0 ±0.1 1.5 ±0.3 15.0 ±0.6 20 ±1.0 20 ±2.0 430 ±2.0 140 ±2.0 3.07 ±0.04 104 ±2.0k d e bc e d b a b b

7 66.40 ±0.2 0.5 ±0.1 1.0 ±0.4 14.0 ±0.2 0.0 ±0.0 30 ±2.0 360 ±2.6 135 ±2.0 2.67 ±0.02 87 ±1.0j e f d g c d b d de

8 69.40 ±0.2 1.0 ±0.3 5.0 ±0.2 13.0 ±0.4 20 ±2.6 30 ±3.6 340 ±2.0 135 ±2.0 2.52 ±0.05 85 ±2.0i d a e e c f b f e

9 69.60 ±0.2 0.5 ±0.1 1.5 ±0.1 12.5 ±0.2 20 ±3.6 50 ±5.0 320 ±3.0 130  ±1.0 2.46 ±0.04 82 ±1.0i e e ef e a g c f f

10 78.23 ±0.15 1.0 ±0.4 1.5 ±0.2 15.0 ±0.5 20 ±1.0 40 ±6.5 350 ±4.0 132 ±2.6 2.65 ±0.03 88 ±2.0d d e bc e b e bc de d

11 81.00 ±1.32 2.0 ±0.5 4.0 ±0.3 14.5 ±0.4 40 ±2.0 50 ±3.6 310 ±2.0 122 ±2.0 2.54 ±0.06 85 ±2.0c b c cd c a h d f e

12 84.40 ±0.2 1.5 ±0.2 3.0 ±0.2 11.0 ±0.1 40 ±1.0 50 ±4.0 310 ±4.4 105  ±5.0 2.95 ±0.15 75 ±2.0b c d g c a h e c g

13 89.20 ±0.2 3.0 ±0.1 5.0 ±0.4 10.5 ±0.1 50 ±1.0 50 ±2.6 260 ±2.0 95  ±5.0 2.74 ±0.16 65 ±2.0a a a g b a i f d h

Data are mean values ± standard deviation of three determinations.
Mean values in the same column followed by different superscript letters are significantly different at P<0.05.
(WA) Water absorption; (AT) Arrival time; (DDT) Dough development time; (DST) Dough stability time; (DS) Degree of softening; (MTI) Mixing tolerance
index; (MRE) Maximum resistance to extension; (EX) Extensibility; (PN) Proportional number (R/E) and (Eg) Energy. 

increase in dough stability was non significant in the the effect of acid dairy ingredients on stability wheat
dough  samples  with  25  and  50%  ACW and BM. dough. Gélians et al. [24] reported that highly acid dairy
Dough stability showed a decrement in their values as ingredients significantly reduced dough mixing stability.
FSM, ACW or BM was increased up to 75 and 100% in These results are in agreement with those obtained by
the  wheat  flour  dough   as  could be seen in Table 3. Ammar et al. [19], who reported negative effect for the
This decrease in dough stability at higher replacing levels addition of whey on wheat flour dough stability, while
of FSM, ACW or BM may be due to the increase protein Bilgin et al. [25] found that the addition of whey and
percent in the dough and consequently interference of buttermilk significantly increased dough stability, due to
sulphydryl groups of dairy product in the normal the role of physico-chemical properties of whey and
sulphydryl/disulphide interchange reactions occurring buttermilk which contain different protein sources, milk fat
during wheat flour dough development or may be due to and lactose. Al-Eid et al. [23] found that the substitution
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water with unfermented permeate up to 100% and containing 25 and 50% had the highest score for overall
fermented permeate up to 50% increased farinograph acceptability (93.03 and 92.91, respectively) compared
stability time and that was associated with a significant with other bread samples and there were no significant
increase in dough mixing tolerance. These results may be (P>0.05) differences with the control bread. It could be
due to the different reactions under the conditions of believed that FSM-added bread up to 100% had crust
dough preparation. Alomari et al. [27] mentioned that color, texture, grain, crumb color and mouthfeel, similar to
sulphydryl/disulfide group may play an important factor that of the control bread. FSM-added bread up to 75%
in controlling the properties of dough. had volume and aroma similar to that of the control bread.

Extensibility determines the ability of the dough to In the case of 75% acid cheese whey–added bread,
extend during gas production by yeast during proofing. panelists assigned a lower score than the control bread
Excessively high extensibility results in weak and slack for volume, mouthfeel, aroma and taste, however, the
dough, which collapses during the proofing stage or while overall acceptability recorded 93.82 at 25% replaced acid
baking in the oven. Maximum resistance to extension of cheese whey bread and there were no significant
the dough measures the ability of the dough to retain gas differences with the control bread. In the buttermilk-added
and subsequently to form springy bread. A very high bread, as the amount of buttermilk increased in bread
resistance to extension also results in a lower loaf volume dough, most of the sensory attributes recorded a lower
because the tough dough is not capable of proofing to an score than the control bread. Replacement of water with
optimum height with the gas produced by the yeast [28]. 75 and 100% buttermilk had effect on texture, volume,
There is general agreement about the link between testing aroma and taste; this may be due to sour taste in
and baking performance. A good loaf volume is achieved buttermilk-containing bread at higher levels. However, the
if the gas bubbles within the fermented dough expand overall acceptance of 25 and 50% replaced buttermilk
with minimal rupturing during proofing and baking. breads recorded 91.38 and 91.46, respectively. These
Therefore, baking performance is related to the interplay results are in harmony with Masur et al. [9], Kaur and
between resistance to extension (Rmax) and extensibility Bajwa [30], Haratian et al. [31] and Divya and Rao [32].
[29]. Extensograph results for the investigated samples are Statistical analysis of sensory scores indicated that the
summarizes in Table 3. In the present study, the best overall acceptability of the resulting breads can be
decrement in maximum resistance to extension was ranged obtained by replacing water with 25 and 50% fermented
only between 6.52% for 25% ACW to 23.91% for 25% BM skim milk, acid cheese whey and buttermilk in bread
in wheat flour dough and the decrement in extensibility formulation.
reached 5.7% in wheat flour dough prepared by replacing
water with 25% BM compared with the control dough. Effect of Replacement of Water with Different Levels of
These results were in parallel with the results of physical Selected Dairy Ingredients on Physical Properties of
and sensory properties whereas replacement of water with Bread: The effect of replacement of water with FSM,
25 and 50% FSM, ACW or 25% BM in bread dough had ACW or BM on loaf weight, loaf volume, specific volume,
higher scores in sensory evaluation and specific volume density, pH and TTA is shown in Table 5. Loaf weight of
as % of the control bread. The use of dairy ingredients bread did not differ significantly (P>0.05) and the loaf
improves the handling properties of bread dough, as well weight of the bread samples remained unchanged as the
as the bread quality. However, the complexity of the bread replacement levels of dairy ingredients increased. The
making system, including several stages of processing volume of bread loaf was measured by rapeseed
and interaction among the components, make it difficult to displacement method. The mean values of loaf volume
predict the performance of a particular dairy product [10]. illustrated the effect of replacement of water with FSM,

Effect of Replacement of Water with Different Levels of replacement level of water with FSM, ACW or BM in the
Selected Dairy Ingredients on Sensory Properties of bread dough was increased, loaf volume of bread
Bread: Photographs of bread samples are illustrated in decreased subsequently. The highest loaf volume was
Fig. 1. Sensory evaluation scores for the breads added given by bread prepared from wheat flour, without any
with different levels of FSM, ACW or BM are presented replacement of water (2681.67cm ), while the lowest loaf
in Table 4. Control bread samples recorded the highest volume (1830.61cm ) was obtained by bread prepared from
score for all attributes. Among all dairy ingredients–based wheat flour containing 100% buttermilk. This effect may
bread treatments, fermented skim milk added-bread be  due to the replacement of water with 100% FSM, ACW

ACW or BM on the volume of the bread loaves. As the

3

3
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(a)

(b)

(c)

(d)

(a): Control sample (Wheat flour, 72% extraction, 100% water)
(b): Pan bread Samples with different levels of fermented skim milk (FSM)
(c): Pan bread Samples with different levels of acid cheese whey (ACW)
(d): Pan bread Samples with different levels of buttermilk (BM)
Fig. 1: Bread loaves cross-section of control and other trearments.

Table 4: Sensory characteristics of pan bread prepared by replacing water with different levels of selected dairy ingredients.

Volume Bloom/crust Summitry of Texture Grain Crumb Aroma Taste Mouth Slicing overall 
Samples (15) color (10) form (5) (15) (15) Color (10) (10) (10) feel (5) quality (5) accept-ability (100)

1 14.63 ±0.44 9.64 ±0.41 4.74 ±0.35 14.09 ±0.82 13.77 ±1.05 9.65 ±0.41 9.77 ±0.44 9.85 ±0.38 4.53 ±0.56 5 ±0.0 95.67 ±2.41ba a a abc bc a a a ab a a

2 14.00 ±1.11 9.38 ±0.44 4.59 ±0.39 13.60 ±1.02 13.32 ±1.17 9.41 ±0.49 9.69 ±0.48 9.69 ±0.48 4.35 ±0.41 5 ±0.0 93.03 ±3.05b abc ab bcd c a ab ab ab a abc

3 14.24 ±0.66 9.46 ±0.43 4.40 ±0.49 13.43 ±0.98 13.45 ±1.11 9.46 ±0.59 9.38 ±0.77 9.62 ±0.65 4.46 ±0.46 5 ±0.0 92.91 ±2.81ab ab abc cd c a abc abc ab a abc

4 13.67 ±0.94 9.35 ±0.71 4.25 ±0.61 13.76 ±0.84 13.72 ±0.88 9.29 ±0.69 9.38 ±0.77 9.12 ±0.64 4.45 ±0.45 5 ±0.0 92.01 ±4.32bc abc bcdef abcd bc ab abc bcdefg a a bcd

5 13.35 ±1.24 9.22 ±0.66 3.91 ±0.82 13.69 ±1.08 13.71 ±0.52 9.28 ±0.88 9.08 ±1.12 8.68 ±0.90 4.02 ±0.58 5 ±0.0 89.93 ±6.05c abc ef bcd bc ab bcd fg bc a cdef

6 14.22 ±0.55 9.32 ±0.71 4.52 ±0.41 14.36 ±0.52 14.22 ±0.86 9.46 ±0.78 9.00 ±0.91 9.31 ±0.85 4.42 ±0.48 5 ±0.0 93.82 ±3.29a abc ab a ab a cd abcde ab a ab

7 14.07 ±0.59 9.45 ±0.77 4.33 ±0.39 14.15 ±0.75 14.18 ±0.42 9.62 ±0.51 8.54 ±1.50 8.78 ±1.34 4.32 ±0.59 5 ±0.0 92.43 ±5.15ab ab bcd ab ab a d efg ab a bcd

8 13.38 ±1.27 9.35 ±0.71 4.21 ±0.48 14.18 ±0.86 14.46 ±1.19 9.54 ±0.66 8.88 ±1.00 8.88 ±0.96 4.12 ±0.44 5 ±0.0 92.08 ±4.27c abc bcdef ab a a cd defg abc a bcd

9 13.23 ±1.42 8.90 ±0.72 4.09 ±0.59 13.48 ±1.07 13.38 ±0.76 9.24 ±0.69 8.66 ±0.79 8.59 ±0.82 3.82 ±0.61 5 ±0.0 88.39 ±5.48c cd cdef cd c ab d g c a ef

10 13.75 ±1.16 9.60 ±0.64 4.3 ±0.42 12.28 ±1.10 13.87 ±0.78 9.32 ±0.69 8.85 ±1.07 9.27 ±0.93 4.23 ±0.33 5 ±0.0 91.38 ±4.01bc ab bcde d bc ab cd abcdef abc a bcde

11 13.31 ±1.35 9.1 ±0.76 4.44 ±0.42 13.79 ±0.97 13.78 ±0.86 9.18 ±0.76 9.04 ±1.05 9.46 ±0.97 3.35 ±0.46 5 ±0.0 91.46 ±5.18c bc abc abcd bc ab bcd abcd ab a bcde

12 13.12 ±1.48 8.92 ±0.91 3.97 ±0.95 13.28 ±1.28 13.87 ±0.93 9.36 ±1.03 8.96 ±1.36 9.04 ±1.27 3.98 ±0.93 5 ±0.0 89.51 ±7.57c cd def d bc a cd cdefg bc a def

13 12.39 ±1.96 8.62 ±0.76 3.87 ±0.79 13.22 ±1.35 13.45 ±0.93 8.91 ±0.64 8.85 ±1.29 8.91 ±1.15 4.06 ±0.88 5 ±0.0 87.27 ±6.79d d f d c b cd defg abc a f

Data are mean values ± standard deviation (n = 13).
Mean values within columns with different superscript letters are significantly different at P<0.05.
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Table 5: Physical properties of pan bread prepared by replacing water with different levels of selected dairy ingredients.

Specific volume
Samples Weight (g) Volume (cm ) Specific volume (cm /g) Density (g/cm ) pH TTA* (% of control)3   3  3

1 499.93 ±1.19 2681.67 ±0.51 5.37 ±0.01 0.187 ±0.001 5.31 ±0.02 0.001 ±0.001 100.00bcd a a j a f a

2 499.84 ± 0.61 2344.83 ±0.61 4.69 ±0.00 0.213 ±0.000 5.21 ±0.02 0.006 ±0.001 87.44cd  e e f c f e

3 500.86 ±0.44 2522.06 ±0.69 5.04 ±0.01 0.199 ±0.001 4.95 ±0.02 0.023 ±0.001 94.05abc c c h f e c

4 500.41 ±0.45 2366.42 ±0.86 4.73 ±0.00 0.211 ±0.001 4.67 ±0.02 0.038 ±0.001 88.24bcd d d g j b d

5 499.77 ±0.40 2232.87 ±0.59 4.47 ±0.00 0.224 ±0.000 4.57 ±0.02 0.053 ±0.001 83.26d g g d k a g

6 499.99 ±0.38 2567.98 ±0.89 5.13 ±0.01 0.195 ±0.001 5.26 ±0.01 0.024 ±0.001 95.76bcd b b i b e b

7 500.82 ±0.69 2568.64 ±1.13 5.13 ±0.01 0.195 ±0.000 5.06 ±0.01 0.023 ±0.001 95.78abc b b i d e b

8 500.19 ±0.09 2232.92 ±0.59 4.46 ±0.00 0.224 ±0.000 4.95 ±0.02 0.032 ±0.001 83.27bcd g h d f cd g

9 500.45 ±0.19 2121.43 ±0.98 4.24 ±0.00 0.236 ±0.000 4.90 ±0.01 0.036 ±0.001 79.11bcd i j b g bc i

10 500.45 ±0.53 2278.56 ±0.46 4.55 ±0.00 0.219 ±0.001 5.01 ±0.01 0.028 ±0.001 84.92bcd f f e e de f

11 500.93 ±0.08 2188.02 ±0.21 4.37 ±0.00 0.229 ±0.000 4.95 ±0.01 0.034 ±0.001 81.59ab h i c f bc h

12 500.28 ±0.37 2122.09 ±2.55 4.24 ±0.01 0.236 ±0.001 4.83 ±0.01 0.053 ±0.002 79.13bcd i j b h a i

13 500.09 ±0.01 1830.61 ±2.07 3.66 ±0.00 0.273 ±0.000 4.78 ±0.01 0.053 ±0.001 68.26bcd j k a i a j

Mean values of three replications ± standard deviation.
Mean values within columns with different superscript letters are significantly different at P<0.05.
*(TTA) Total titratable acidity.

 
or BM which resulted in decreased resistance to extension
and energy value and thus the dough becomes weaker
and unable to retain the gas evolved during fermentation,
proofing and subsequently during baking process. Such
dough may collapse during baking and resulted in
decreased volume as could be seen in Table 5. These
results are in agreement with those of Al-Eid et al. [23]
who reported that permeate at 50% substitution was most
effective in increasing the loaf volume compared with
other treatments and thus could be due to lactose and
lactic acid fermentation which may stimulate the gas
formation during dough proofing. Fig. 2: Specific volume of the breads prepared by

Similarly, the specific volume (cm /g) of the bread replacing water with different levels of selected3

samples was calculated and it can be noticed that the dairy ingredients.
higher the replacement level of water with FSM, ACW or
BM, the less the bread loaf specific volume. Replacement and this might be attributed to the presence of the
of water with dairy ingredients significantly (P<0.05) proteose-peptone  known  as  loaf  volume   depressant
decreased the specific volume of bread compared to the [33, 34].
control bread sample. The best treatment in this regard Percentage of specific volume of bread, relative to the
was found to be in   the   25   and    50%    acid   cheese control ranged from 68.26% for 100% buttermilk replaced
whey-added breads  (5.13   cm /g)   followed  by  the  50% bread to 95.78% for 50% acid cheese whey replaced bread.3

fermented  skim milk-added bread (5.04 cm /g) compared The slight decrease in specific volume could be related to3

with other treatments as can be seen in Fig. 2; Whereas, the way that the proteins in dairy ingredients interact with
replacement of water with 100% buttermilk was the bottom the flour and yeast to form dough. Kenny et al. [11]
with specific volume (3.66 cm /g). These results are reported that bread made with whey protein concentrates3

consistent with those obtained by Gélinas et al. [24], who generally had less volume compared to the control made
found that fermented dairy ingredients had a  significantly without dairy ingredients. Gélinas et al. [24] also found
depressing effect on bread specific volume of pan bread that incorporation of fermented dairy ingredients in a pan
and the authors also reported that the bread specific bread formulation decreased specific volume. However,
volume was a function of the acidity of  the  ingredients. the loss of loaf volume was reversed by heating the dairy
In addition, the bread with added unconcentrated acidic ingredients at 80°C [10]. On the other hand, Ling et al. [35]
whey had a significant decrease in the  specific   volume showed  that the addition of nonfat dry milk increased loaf
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Fig. 3: Density of the breads prepared by replacing water total titratable acidity of bread dough had a significantly
with different levels of selected dairy ingredients. depressing effect on bread specific volume and this effect

volume if the level of potassium bromate increased. This acid cheese whey and buttermilk-added breads. The same
supports the idea that fermented skim milk, whey and trend was also observed for bread pH which ranged from
buttermilk proteins have a negative effect on loaf volume. 4.57 to 5.31. These results are in accordance with those
Butt et al. [36] reported that the decrease in loaf volume obtained by Gélinas et al. [24].
of bread may be attributed to the reduction in wheat
structure forming proteins and low ability of dough to Proximate Chemical Composition of Pan Breads
entrap air due to the dilution effect on gluten with the Prepared by Replacing Water with Different Levels of
addition of non-gluten proteins to wheat flour. Selected Dairy Ingredients: The chemical composition of

Product density is directly related to the expansion of the bread samples containing different levels of selected
dough during proofing and baking and the retention of dairy ingredients are summarized in Table 6. Basically,
gases within the gluten structure, up to the  point  of protein, ash and fat contents were increased directly
foam-to-sponge conversion. Many ingredient, formulation proportional to the level of FSM, ACW and BM added in
and processing factors input to final product density. the formulation of pan bread. Pan bread which water was
These are mainly manifest through changes in product replaced with 100% buttermilk significantly (P<0.05)
volume and cell structure. The density (g/cm ) of the recorded the highest protein content (12.94%) followed by3

bread samples was calculated and it could be observed the bread samples added with 100% fermented skim milk
from the Table 5 that dairy ingredients addition caused (12.49%) and 100% acid cheese whey (11.49%) compared
increase in bread density linearly and maximum density to the control sample. Control pan bread significantly
was observed in case of the 100% buttermilk-added bread (P<0.05)  showed  the lowest protein content (11.24%).
(0.237 g/cm ) and minimum value for this parameter was The content of ash in all formulation of breads ranged3

recorded in the control bread  sample (0.187 g/cm ) as from 2.31 to 3.26% with the bread sample added with 100%3

could be seen in Fig. 3. acid cheese whey significantly (P<0.05) recorded the
The lesser density among the resulting bread samples highest content of ash (3.26%), which due to the high ash

was observed in the 25 and 50% acid cheese whey-added content in acid cheese whey compared with other dairy
breads followed by the 50% fermented skim milk-added ingredients. However, the lowest ash content was
bread (0.195 and 0.199 g/cm , respectively), the lesser observed in the control bread sample (2.31%). Breads in3

density of bread reflects the good texture of the loaves which water was replaced with 100% buttermilk
with better grain formation and also optimum baking of significantly (P<0.05) recorded the highest fat content
the product. These results are in the range of those (5.91%), whereas the control bread sample had the lowest
reported by Cauvain and Young [37], who reported that fat content (3.45%). On the other hand, the content of
densities of UK sandwich bread, US pan bread, Hearth moisture in breads was increased directly proportional to
bread, Hamburger buns and Rolls ranged from 0.22 to the level of FSM, ACW or BM added in the formulation of
0.25; 0.17 to 0.20; 0.21 to 0.25; 0.17 to 0.20 and 0.20 to 0.25 bread. However, the difference was not significant with
g/ml, respectively. In addition, Malomo et al. [38] found 100% acid cheese whey and butter milk between the
that the density was 0.20 g/ml of wheat bread enrichment control and all formulations except for the bread samples
with Warankashi Indian cheese. The effect of selected with  100%  acid  cheese  whey  and   butter   milk   which

dairy ingredients on bread pH and total titratable acidity
(TTA) is presented in Table 5. Total titratable acidity of
bread samples was measured and the mean values of the
TTA illustrated the effect of replacement of water with
FSM, ACW or BM on TTA of the resulting bread. It was
found that dairy ingredients addition caused increase in
bread total titratable acidity linearly and maximum TTA
was observed in the case of the 100% fermented skim milk
and buttermilk-added breads (0.053%) and the minimum
value for this parameter was recorded in the control bread
sample (0.001%). It could be noticed from Table 5 that the

was more pronounced in the 100% fermented skim milk,
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Table 6: Chemical composition of pan bread prepared by replacing water with different levels of selected dairy ingredients (% dry weight).

Samples Moisture Protein Fat Ash Total carbohydrates Energy (Kcal)

1 38.53 ±0.13 11.24 ±0.03 3.45 ±0.02 2.31 ±0.02 44.47 ±0.18 253.92 ±0.50bc m j j a g

2 38.76 ±0.24 11.57 ±0.02 3.76 ±0.02 2.42 ±0.03 43.49 ±0.25 254.07 ±0.83ab h h h cd fg

3 38.68 ±0.07 11.89 ±0.03 4.08 ±0.02 2.56 ±0.02 42.78 ±0.07 255.41 ±0.23ab f g f f ef

4 38.69 ±0.04 12.22 ±0.02 4.39 ±0.03 2.68 ±0.01 42.02 ±0.08 256.47 ±0.06ab d e d g de

5 38.77 ±0.08 12.49 ±0.02 4.76 ±0.03 2.80 ±0.01 41.17 ±0.07 257.49 ± 0.45ab c d c h d

6 38.72 ±0.23 11.30 ±0.02 3.46 ±0.03 2.55 ±0.02 43.97 ±0.20 252.22 ±1.82ab l ij f b gh

7 38.65 ±0.36 11.37 ±0.02 3.48 ±0.02 2.79 ±0.02 43.71 ±0.39 251.64 ±1.45ab k ij c bc h

8 38.77 ±0.28 11.42 ±0.01 3.49 ±0.02 3.03 ±0.02 43.29 ±0.27 250.24 ±1.03ab j ij b de i

9 38.09 ±0.04 11.49 ±0.03 3.50 ±0.03 3.26 ±0.01 43.66 ±0.09 252.10 ±0.14d i i a bc h

10 38.58 ±0.12 11.67 ±0.01 4.24 ±0.03 2.39 ±0.02 43.12 ±0.12 257.32 ±0.23bc g f i e d

11 38.60 ±0.15 12.09 ±0.03 5.03 ±0.02 2.46 ±0.02 41.82 ±0.13 260.89 ±0.54ab e c g g c

12 38.26 ±0.14 12.52 ±0.02 5.81 ±0.02 2.54 ±0.01 40.86 ±0.18 265.84 ±0.50cd b b f i a

13 38.94 ±0.18 12.94 ±0.03 5.91 ±0.03 2.62 ±0.01 39.59 ±0.15 263.32 ±0.77a a a e j b

Data are mean values ± standard deviation of three determinations.
Mean values in the same column followed by different superscript letters are significantly different at P<0.05.

Table 7: Mineral content of pan bread prepared by replacing water with different levels of selected dairy ingredients.

Mineral content (mg/100g)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Samples Fe Zn Ca K Na Mg P Na/K

1 6.61 ±0.16 1.43 ±0.00 46.83 ±0.02 160.71 ±1.55 2.42 ±0.02 31.25 ±0.02 0.12 ±0.002 0.015a de m i j i l

2 6.52 ±0.02 1.37 ±0.02 69.42 ±0.03 174.71 ±0.02 2.84 ±0.01 31.29 ±0.02 0.13 ±0.002 0.016a f i h e i k

3 5.46 ±0.02 1.40 ±0.02 72.09 ±0.02 185.50 ±0.20 2.97 ±0.03 32.75 ±0.02 0.14 ±0.002 0.016b e h g d f j

4 5.50 ±0.10 1.43 ±0.01 85.84 ±0.02 201.75 ±0.02 3.12 ±0.01 33.69 ±0.01 0.17 ±0.002 0.015b de f e b e c

5 5.07 ±0.01 1.63 ±0.02 110.33 ±1.53 231.67 ±1.12 3.19 ±0.02 41.88 ±0.01 0.18 ±0.001 0.014de b a b a a b

6 5.43 ±0.02 1.44 ±0.02 90.67 ±0.03 200.47 ±0.21 2.42 ±0.02 31.50 ±0.05 0.14 ±0.002 0.012b d e f j h h

7 5.33 ±0.02 1.64 ±0.02 97.83 ±0.02 223.32 ±0.01 2.49 ±0.02 34.98 ±0.01 0.15 ±0.002 0.010c b d c i d f

8 5.00 ±0.02 1.65 ±0.02 100.98 ±0.02 231.69 ±0.03 2.60 ±0.02 37.50 ±0.30 0.16 ±0.002 0.011ef b c b g c d

9 4.90 ±0.02 1.68 ±0.02 104.83 ±0.02 310.88 ±0.01 2.73 ±0.01 39.58 ±0.02 0.19 ±0.001 0.010f a b a f b a

10 5.15 ±0.02 1.43 ±0.02 56.92 ±0.01 185.58 ±0.01 2.55 ±0.02 27.68 ±0.00 0.13 ±0.001 0.014d d l g h l k

11 5.02 ±0.02 1.44 ±0.01 58.67 ±0.02 199.63 ±0.02 2.84 ±0.02 28.08 ±0.02 0.14 ±0.002 0.014e d k f e k i

12 5.01 ±0.03 1.57 ±0.01 60.83 ±0.02 206.78 ±0.02 2.96 ±0.02 29.45 ±0.02 0.15 ±0.002 0.014e c j d d j g

13 4.98 ±0.02 1.58 ±0.02 73.33 ±0.02 223.53 ±0.02 3.02 ±0.03 31.68 ±0.02 0.16 ±0.003 0.014ef c g c c g e

Mean values of three replications ± standard deviation.
Mean values within columns with different superscript letters are significantly different at P<0.05.

recorded 38.09 and 38.94%, respectively. This was the higher the dairy ingredients added into bread, the
attributed mainly to the higher water absorption of higher contents of protein, ash and fat, thus dairy
buttermilk and acid cheese whey which may have been ingredients improves the nutritional value of the resulting
due to the increased hydration capacity of the two dairy bread. These results are in approach with those obtained
by-products, particularly buttermilk. by Divya and Rao [32], Cauvain and Young [37] and

There were significant differences (P<0.05) among the Angioloni and Collar [39]. 
bread samples in carbohydrates content. The control
bread sample had the highest content of carbohydrates Mineral Content of Breads Prepared by Replacing Water
(44.47%) followed by the one with 25% acid cheese whey with Different Levels of Selected Dairy Ingredients:
(43.97%) while the bread with 100% buttermilk had the Conversion of wheat into wheat flour by milling reduces
lowest carbohydrates content (39.59%). In the present the original level of nutrients in the wheat. Therefore, the
study, all bread samples had caloric values ranged mineral content of bread varies considerably within and
between 250.24 and 263.32 Kcal/100g. However, the between different bread types depending on the flour
greatest value was observed in 100% buttermilk-added processing as well as on the ingredients used in the recipe
bread (sample13). These results are due to the 100% [40, 41]. Table 7 presents the macro- and micro-mineral
buttermilk replaced bread contained appreciable amounts concentrations of bread samples. Replacement of water
of protein, fat and lactose. The present study showed that with FSM, ACW or BM increased the macro-mineral
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concentrations (P<0.05), particularly the calcium and Therefore, the increase in lysine, improved it's limiting
potassium levels of the bread samples compared to the attributes in wheat flour. It is also improved the sulphur
control bread sample. Breads in which water was replaced containing amino acids; methionine and cysteine present
with 100% FSM, ACW or BM had higher levels (P<0.05) in bread as well as improving the level of leucine and
of macro-minerals and zinc than those of other bread valine. These results are in parallel with those of Malomo
samples. However, the greatest increase was observed in et al. [38], who reported that the amino acid profile of the
the 100% fermented skim milk-added bread (sample 5) wheat bread increased with enrichment with Warankashi
which had 135.59% more calcium, 44.15% more potassium cottage Indian cheese increased.
and 50% more phosphorous compared to the control
bread sample. These results are due to the fact the Nutritional Value of Bread Containing 50% of FSM,
selected dairy ingredients are a good source of these ACW and BM: Bread is the popularly consumed food
minerals. allover the world; hence, it plays an important role in

The calcium content in fermented skim milk, acid human diet. However, bread is naturally low in protein and
cheese whey and butter milk-added breads was lower than nutritionally not a balance diet due to it is low in some
that reported by Bilgin et al. [25], while was similar with essential amino acids, especially lysine. Thus, in recent
those reported by Mousa et al. [42], Daglioglu and Tuncel years, improving the nutritional profile of white wheat
[43] and Isserliyska et al.[44]. On the other hand, the bread has been of much interest. This usually realized by
micro-mineral concentrations of the FSM, ACW and BM supplementing wheat flour with a number of functional
replaced breads increased by various levels compared to ingredients of different origin that contribute to enhanced
the control bread sample; the greatest increase was mineral, vitamin, protein or dietary fiber composition and
recorded  for   zinc   (17.48%)   in  100%  acid  cheese content in the end product. In the present study, effort
whey-added bread (sample 9). These results are in has been made by replacement of water either with FSM,
harmony with those reported by Bilgin et al. [25]. Iron ACW or BM in the bread formulation to develop
content of different bread samples ranged from 4.90 to nutritionally rich pan breads. According to data displayed
6.52 mg/100g, highest iron content was recorded in the in Table 9, a daily consumption of 100 g of 50% FSM,
25% fermented skim milk-added bread (sample 2) ACW or BM-added bread would meet approximately 54.29
compared to those of other bread samples. The bread to 81.90 %, 11.90 to 15.71%, 44.29 to 45.71%, 32.14 to
samples prepared by replacing water with selected dairy 37.86%, 66.86 to 73.71% and 32.38 to 39.05% of DRIs for
ingredients had the Na/K ratios ranged from 0.01 to 0.016 sulfur amino acids, lysine, histidine, isoleucine,
which close to recommended ratio (Table 7). Thus the (phenylalanine+ tyrosine) and threonine, respectively. On
resulting breads are considered an advantage for people the other hand, mineral elements must be supplied from
with renal and blood pressure problems. Significant food because the body cannot synthesis them. It has
proportion of the human population appears to be at risk been estimated that over 60% of world's population is iron
due to a deficiency in one or more micronutrients. Since deficient, over 30% is zinc deficient and about 15% is
bread is a major dietary source for the population, selenium deficient [50]. Deficiencies of Ca, Mg and Cu are
fermented skim milk, acid cheese whey and buttermilk rare  but  could  occur  in  certain  population   groups.
could be used as functional ingredients to improve the The problems of dietary malnutrition are usually
mineral and micronutrient contents. addressed through supplementation, food fortification or

Effect of Replacement of Water with 50% of Selected containing 50% either of FSM, ACW or BM would
Dairy Ingredients on the Amino Acid Profile of Wheat provide more adequate intakes of essential elements, as
Bread Samples: The amino acid composition of the expected. A daily portion of 100g of fermented skim milk,
resulting bread and the control bread is given in Table 8. acid cheese whey and buttermilk replaced breads can meet
Data revealed that an increase of almost amino acids around 27 to 68%, 12 to 20%, 4 to 9% and 6 to 10% of
particularly essential amino acids of wheat bread samples DRIs for iron, zinc, calcium and magnesium for adults
prepared by replacing water with 50% of FSM, ACW or (male/female), respectively. From the results above, it
BM. This finding was backed by the fact that the dairy could be concluded that using different dairy ingredients
proteins had an adequate supply of all the essential amino such as fermented skim milk, acid cheese whey or
acids with the possible inclusion of sulphur-containing buttermilk in bread making resulted in improving the
amino acids such as methionine and cysteine [45]. nutritional value of the final product. 

dietary diversification. Data revealed that bread
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Table 8: Amino acid content of pan bread prepared by replacing water with 50% of selected dairy ingredients.
                Concentration (%)

-------------------------------------------------------------------------------------------------------------------------------------------------------
Amino acids Control FSM ACW BM
Argenine 0.53 0.53 0.46 0.49
Aspartic acid 0.57 0.71 0.52 0.67
Alanine 0.41 0.46 0.38 0.45
Isoleucine 0.48 0.53 0.45 0.50
Proline 1.79 1.64 1.39 1.61
Therionine 0.37 0.41 0.34 0.41
Glutamic acid 4.33 4.57 3.72 4.29
Glycine 0.50 0.50 0.46 0.65
Serine 0.65 0.62 0.66 0.65
Cysteine 0.42 0.58 0.38 0.49
Valine 0.54 0.60 0.57 0.56
Phenylalanine 0.83 0.71 0.81 0.70
Lysine 0.29 0.33 0.25 0.33
Leucine 0.95 1.02 0.86 0.98
Methionine 0.20 0.28 0.19 0.26
Histidine 0.33 0.32 0.31 0.31
Tyrosine 0.52 0.48 0.48 0.47
(Control) Wheat flour (72% extraction, 100%water). (FSM) fermented skim milk; (ACW) acid cheese whey and (BM) buttermilk.

Table 9: Contribution of macro- and micro- nutrient intakes to the relevant DRIs*consuming an average portion (100g) of bread containing 50% of selected
dairy ingredients.

        Contribution to DRIs (%)
----------------------------------------------------------------------------------------------------------------------------------------------------

Items DRIs Control bread FSM – added bread ACW-added bread BM - added bread
Macro-nutrient (g/day)
Protein 46-56 20.07-24.43 21.23-25.85 20.30-24.72 21.59-26.28
Carbohydrates 130 34.21 32.91 33.62 32.17
Energy (Kcal/day) 2200-2900 8.76-11.54 8.81-11.61 8.68-11.44 8.99-11.86
Micro-nutrient(mg/day)
Fe 8-18 36.72-82.63 30.33-68.25 29.61-66.63 27.89-62.75
Zn 8-11 13-17.88 12.73-17.50 14.91-20.50 13.09-18.00
Ca 1000-1200 3.90-4.68 6.01-7.21 8.15-9.78 4.89-5.87
K 4700 3.42 3.95 4.75 4.25
Na 1300-1500 0.16-0.19 0.19-0.23 0.17-0.19 0.19-0.22
Mg 320-420 7.44-9.77 7.79-10.23 8.33-10.93 6.69-8.78
P 700 0.017 0.020 0.021 0.020
Amino acids (mg/kg/day)
Histidine 10 47.14 45.71 44.29 44.29
Isoleucine 20 34.29 37.86 32.14 35.71
Leucine 39 34.79 37.36 31.50 35.89
Lysine 30 13.81 15.71 11.90 15.71
Methionine + cysteine 15 59.05 81.90 54.29 71.43
Phenylalanine + tyrosine 25 77.14 68.00 73.71 66.86
Valine 26 29.67 32.97 31.32 30.77
Threonine 15 35.24 39.05 32.38 39.05
*(DRIs) Dietary Reference Intakes for adults (male/female of 19-70 years of age) set by the Food and Nutrition Board, [46- 49].

Effect of Replacement of Water with Different Levels of wheat based bakery products the primary role is played
Selected Dairy Ingredients on the Textural Properties of by gluten. The analysis of firmness indicated that when
Bread: The results from textural analyzer measurements of the replacement of water with FSM, ACW or BM level
the bread crumb are given in Table 10. Initial firmness of increased, the firmness of bread crumb seemed to
control bread was 0.808 N and increased to 1.694 N and increase, however, replacement of water with 25 and 50%
1.957 N on the second and third day of storage, acid cheese whey in bread making did not cause a
respectively. The interactions between starch and other significant effect on firmness (0.858 and 0.863 N,
macromolecular constituents are especially important for respectively) on the day of baking, compared with the
structural changes occurring in bread crumb. In traditional control  bread sample. A significant increase of firmness
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Table 10: Effect of replacing water with different levels of selected dairy ingredients on texture parameters of pan bread over a 3 days storage period.

Samples Firmness (N) Cohesiveness Gumminess (N) Chewiness (N) Springiness Resilience 
Zero time

1 0.808 ±0.06 0.716 ±0.09 0.578 ±0.08 0.443 ±0.06 0.766 ±0.00 0.307 ±0.00h abc h efgh a g

2 0.933 ±0.11 0.704 ±0.07 0.642 ±0.05 0.434 ±0.04 0.686 ±0.04 0.388 ±0.08g abcd gh fgh bc de

3 1.205 ±0.08 0.617 ±0.03 0.745 ±0.07 0.415 ±0.04 0.571 ±0.00 0.455 ±0.00de ef ef gh g abc

4 1.303 ±0.05 0.642 ±0.02 0.839 ±0.04 0.518 ±0.03 0.618 ±0.01 0.425 ±0.03cd def cd cd ef bcd

5 1.402 ±0.02 0.667 ±0.01 0.934 ±0.02 0.621 ±0.01 0.665 ±0.00 0.405 ±0.00bc cde b b bcd de

6 0.858 ±0.07 0.759 ±0.09 0.609 ±0.04 0.392 ±0.03 0.644 ±0.00 0.348 ±0.00gh a gh h de f

7 0.863 ±0.07 0.733 ±0.02 0.632 ±0.04 0.463 ±0.03 0.741 ±0.00 0.390 ±0.00gh ab gh defg a de

8 1.040 ±0.10 0.667 ±0.09 0.676 ±0.08 0.460 ±0.08 0.691 ±0.09 0.415 ±0.05f cde fg defg b cde

9 1.310 ±0.09 0.626 ±0.04 0.802 ±0.06 0.496 ±0.05 0.629 ±0.05 0.418 ±0.05cd ef de de de cd

10 1.163 ±0.16 0.746 ±0.05 0.848 ±0.11 0.623 ±0.09 0.748 ±0.05 0.458 ±0.05e a cd b a ab

11 1.260 ±0.08 0.718 ±0.05 0.885 ±0.06 0.566 ±0.05 0.651 ±0.05 0.445 ±0.05de abc bc bc cde abc

12 1.473 ±0.07 0.591 ±0.05 0.849 ±0.07 0.483 ±0.06 0.583 ±0.05 0.378 ±0.05b f cd def fg ef

13 2.130 ±0.07 0.679 ±0.05 1.41 ±0.05 0.921 ±0.04 0.668 ±0.05 0.481 ±0.05a bcde a a bcd a

1 day

1 1.215 ±0.05 0.646 ±0.06 0.776 ±0.05  0.447 ±0.05  0.625 ±0.05  0.372 ±0.05h bc h  g  bc  cd

2 1.507 ±0.17 0.574 ±0.04 0.843 ±0.09  0.479 ±0.07  0.577 ±0.05  0.340 ±0.05fg e gh  g  ef  de

3 1.87 ±0.04 0.575 ±0.10 1.044 ±0.15  0.584 ±0.15  0.566 ±0.08  0.337 ±0.07cd e de  f  f  def

4 1.846 ±0.04 0.617 ±0.05 1.109 ±0.04  0.653 ±0.04  0.601 ±0.05  0.345 ±0.05cd cd cde  de  cde  cde

5 1.745 ±0.15 0.504 ±0.05 0.885 ±0.14  0.448 ±0.11  0.506 ±0.06  0.257 ±0.04de f fg  g  g  g

6 1.464 ±0.09 0.645 ±0.03 0.933 ±0.06  0.614 ±0.05  0.664 ±0.03  0.382 ±0.03g bc f  ef  a  c

7 1.664 ±0.16 0.623 ±0.03 1.023 ±0.11  0.617 ±0.08  0.609 ±0.03  0.306 ±0.03ef cd e  ef  bcd  ef

8 1.664 ±0.07 0.675 ±0.04 1.109 ±0.07  0.692 ±0.05  0.631 ±0.03  0.349 ±0.03ef b cde  cd  b  cd

9 1.970 ±0.11 0.637 ±0.03 1.238 ±0.08  0.711 ±0.05  0.581 ±0.03  0.355 ±0.03c bcd b  bcd  ef  cd

10 1.564 ±0.13 0.729 ±0.05 1.129 ±0.12  0.768 ±0.09  0.687 ±0.03  0.494 ±0.03fg a cd  b  a  a

11 1.870 ±0.05 0.621 ±0.04 1.146 ±0.05  0.647 ±0.04  0.570 ±0.03  0.421 ±0.09cd cd c  def  f  b

12 2.357 ±0.43 0.601 ±0.02 1.442 ±0.13  0.833 ±0.07  0.584 ±0.03  0.337 ±0.03b de a  a  def  def

13 2.704 ±0.29 0.531 ±0.04 1.413 ±0.17  0.731 ±0.09  0.525 ±0.03  0.297 ±0.03a f a  bc  g  f

2 day

1 1.694 ±0.16 0.658 ±0.02 1.099 ±0.11  0.710 ±0.08  0.652 ±0.03  0.392 ±0.03de a cd  b  a  a

2 1.744 ±0.11 0.459 ±0.03 0.789 ±0.07  0.353 ±0.05  0.450 ±0.03  0.233 ±0.03d g h  f  f  f

3 1.970 ±0.09 0.476 ±0.03 0.924 ±0.06  0.444 ±0.04  0.484 ±0.03  0.296 ±0.03c g g  e  e  c

4 2.037 ±0.09 0.475 ±0.03 0.951 ±0.05  0.449 ±0.03  0.477 ±0.03  0.255 ±0.03c g fg  de  e  e

5 1.564 ±0.07 0.345 ±0.03 0.530 ±0.04  0.174 ±0.03  0.326 ±0.03  0.153 ±0.03ef i i  g  h  h

6 1.512 ±0.05 0.549 ±0.03 0.819 ±0.04  0.481 ±0.02  0.593 ±0.02  0.377 ±0.07f d h  de  b  a

7 1.714 ±0.03 0.551 ±0.05 0.931 ±0.06  0.481 ±0.04  0.521 ±0.03  0.275 ±0.03d cd g  de  d  cde

8 1.810 ±0.24 0.571 ±0.03 1.019 ±0.14  0.568 ±0.09  0.562 ±0.03  0.335 ±0.03d c ef  c  c  b

9 2.560 ±0.14 0.632 ±0.04 1.596 ±0.08  0.944 ±0.04  0.599 ±0.03  0.319 ±0.03b b a  a  b  b

10 1.807 ±0.08 0.527 ±0.03 0.938 ±0.04  0.474 ±0.03  0.510 ±0.03  0.267 ±0.03d e g  de  d  de

11 2.087 ±0.05 0.506 ±0.03 1.038 ±0.03  0.493 ±0.03  0.479 ±0.03  0.257 ±0.03c f de  d  e  e

12 2.640 ±0.17 0.511 ±0.03 1.328 ±0.08  0.679 ±0.05  0.518 ±0.03  0.287 ±0.03b ef b  b  d  cd

13 2.900 ±0.09 0.412 ±0.03 1.171 ±0.04  0.449 ±0.03  0.389 ±0.03  0.195 ±0.03a h c  de  g  g

3 day

1 1.957 ±0.19 0.601 ±0.04 1.159 ±0.12  0.678 ±0.08  0.592 ±0.03  0.310 ±0.03e ab b  b  ab  cd

2 1.987 ±0.11 0.483 ±0.04 1.037 ±0.03  0.519 ±0.02  0.506 ±0.03  0.295 ±0.03e de cd  ef  d  de

3 1.959 ±0.48 0.613 ±0.19 1.037 ±0.03  0.519 ±0.02  0.506 ±0.03  0.295 ±0.03e ab cd  ef  d  de

4 1.992 ±0.18 0.500 ±0.03 0.931 ±0.09  0.474 ±0.06  0.514 ±0.03  0.302 ±0.03e cd e  gh  d  de

5 1.760 ±0.13 0.472 ±0.03 0.818 ±0.07  0.369 ±0.05  0.455 ±0.03  0.209 ±0.03e de f  i  e  h

6 1.764 ±0.05 0.596 ±0.06 1.038 ±0.09  0.603 ±0.06  0.586 ±0.03  0.329 ±0.03e ab cd  c  b  c

7 1.987 ±0.05 0.562 ±0.03 1.100 ±0.04  0.596 ±0.03  0.547 ±0.03  0.334 ±0.03e bc bc  cd  c  c

8 2.284 ±0.07 0.506 ±0.02 1.137 ±0.03  0.561 ±0.03  0.499 ±0.03  0.263 ±0.03d cd b  de  d  f

9 3.067 ±0.12 0.628 ±0.04 1.897 ±0.06  1.140 ±0.05  0.609 ±0.03  0.375 ±0.03b a a  a  a  b

10 1.790 ±0.08 0.556 ±0.04 0.980 ±0.03  0.502 ±0.02  0.517 ±0.03  0.252 ±0.03e bc de  fg  d  fg

11 2.347 ±0.18 0.483 ±0.04 1.113 ±0.07  0.554 ±0.04  0.503 ±0.03  0.276 ±0.03d de bc  e  d  ef

12 2.640 ±0.35 0.423 ±0.03 1.137 ±0.9  0.441 ±0.03  0.392 ±0.03  0.227 ±0.03c e b  h  f  gh

13 3.344 ±0.07 0.167 ±0.04 0.530 ±0.07  0.150 ±0.07  0.273 ±0.08  0.944 ±0.09a f g  j  g  a

Data are mean values ± standard deviation of six determinations.
Mean values within particular column within particular storage period followed by different superscript letters are significantly different at P<0.05.
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Table 11: Duncan's multiple range test for the texture properties of pan bread prepared by replacing water with different levels of selected dairy ingredient over
a 3 days storage period.

Samples Firmness (N) Cohesiveness Gumminess (N) Chewiness (N) Springiness Resilience
1  1.418 0.655 0.903 0.577 0.659 0.345g a h cd a cde

2 1.543 0.555 0.828 0.446 0.555 0.314f e ij h e gh

3 1.719 0.570 0.937 0.491 0.532 0.345d de fgh g f cde

4 1.769 0.558 0.958 0.524 0.553 0.332d e efg f e ef

5  1.626 0.497 0.792 0.403 0.488 0.256ef g j i h i

6 1.399 0.637 0.849 0.523 0.622 0.359g ab i f b bc

7 1.557 0.617 0.921 0.539 0.605 0.326f bc gh ef cd fg

8  1.699 0.604 0.985 0.570 0.596 0.341de c e cd d def

9 2.227 0.631 1.383 0.823 0.605 0.367b ab a a cd b

10 1.581 0.639 0.974 0.592 0.616 0.368f ab ef bc bc b

11 1.891 0.582 1.046 0.565 0.551 0.349c d d cd e cd

12 2.254 0.531 1.189 0.609 0.519 0.307b f b b g h

13 2.769 0.447 1.131 0.563 0.464 0.479a h c de i a

Mean values within columns with different superscript letters are significantly different at P<0.05. 

after the addition of fermented skim milk and buttermilk bread samples containing 50, 75 and 100% buttermilk
ranged from 0.933 to 1.402 N and from 1.163 to 2.130 N, (1.046, 1.189 and 1.131 N, respectively), Bread with the
respectively, on the day of baking. Statistical analysis of lowest gumminess was made with replacement of water
all studied bread  samples  over  the  storage  period with 100% fermented skim milk and 25% acid cheese
(Table 11) showed that the replacement of water with 50% whey, as could be seen in Table 11.
acid cheese whey did not cause a significant (P>0.05) In the case of chewiness (product of firmness,
effect on firmness on the third day of storage compared springiness and cohesiveness), there were no significant
with the control bread sample, whereas, bread with the differences (P>0.05) between control bread sample and
highest firmness (2.769 N) was made with 100% bread samples containing fermented skim milk up to 50%,
replacement buttermilk. In addition, replacement of water acid cheese whey up to 100% and 75% buttermilk on the
with fermented skim milk up to 100%, acid cheese whey up day of baking (Table 10). Statistical analysis of all
to 75% and butter milk at 25% level caused a slight but investigated bread samples over the storage period
significantly harder than the control bread sample. showed that replacement of water with fermented skim

All bread samples with replacement levels 25 and milk up to 100%, acid cheese whey up to 50% resulted in
50% of FSM, ACW and BM displayed similar a significant reduction of chewiness, which especially
cohesiveness on the day of baking, which diminished on seen after the addition of 100% fermented skim  milk
the consecutive days (Table 10). During storage the drop (Table 11). Replacement of water either with FSM, ACW
in value of cohesiveness was smallest in the case of or BM resulted in a significant reduction of springiness
replacement of water with acid cheese whey up to 100%, compared to the control bread sample on the day of
fermented skim milk up to 75% and buttermilk up to 50% baking, except, bread containing 25% buttermilk and 50%
and most pronounced when 100% replacement level of acid cheese whey (Table 10). Comparison of all bread
fermented skim milk or butter milk were used in a recipe. samples under study over the storage period revealed that
Too big decrease of cohesiveness during storage all samples displayed lower springiness values on the
negatively influences consumer's acceptance of bread, third day of storage compared with the control bread
because it results in high crumbling. Initial value of sample. In most cases the springiness of analyzed
gumminess (product of firmness and cohesiveness) of the samples dropped during storage (Table 11). Replacement
control bread sample was 0.578 N and increased to 1.099 of water either with FSM, ACW or BM in bread making
N and 1.159 N on the second and third day of storage, resulted in a significant (P<0.05) increase of resilience
respectively. Replacement of water with 25 and 50% acid which was more pronounced when 100% buttermilk
cheese whey and 25% fermented skim milk did not cause (0.481) was used in a recipe, on the day of baking in
a significant (P>0.05) effect on gumminess on the day of comparison to the control bread sample. Comparison of all
baking (0.609, 0.632 N and 0.642 N, respectively) compared examined samples over the storage period showed that no
to the control bread sample. Comparison of all significance differences (P>0.05) between the control
investigated bread samples over the storage period bread sample and bread samples containing 50 and 75%
revealed  that  the  highest values were observed for fermented skim milk, 25 and 75% acid cheese whey and
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50% buttermilk (Table 11). These results are in harmony
with those of Bilgin et al. [25], Jooyandeh [51] and
Rostami et al. [52], who reported that fresh whey and
butter milk breads had firmness values similar to the
control.

Effect of Replacement of Water with Different Levels of
Selected Dairy Ingredients on Staling Rate  of  Bread:
As the bread stales, the texture of crumb changes from
soft and spongy texture to one that is firm. Hence,
firmness is one of the most commonly used methods to
determine  the  degree  of  bread  staleness, which has
been shown to correlate with bread staling as measured Fig. 4: Staling rate of the breads prepared by replacing
by consumer acceptability [53]. The staling (firming) rate water with different levels of selected dairy
of bread samples (calculated from the differences of ingredients.
firmness from third and first day  of  storage)  (Fig.  4).
Data of staling rate of bread samples revealed that leading to a softer crumb. Moreover, addition of dairy
replacement  of  water  either  with  FSM,  ACW  or  BM ingredients in bread formulation resulted in bread with
had a  retardation  effect  on the staling rate of the softer crumb which due to high content of water was
resulting  bread.  Bread  containing  fermented  skim  milk protected in bread texture as well as binding of lactose
up  to  100%  had  the  highest  (P<0.05)  decrease  in and starch increases gelation temperature of starch and in
staling rate ranged from 0.015 to 0.48 N followed acid result decreases staling rate of bread after 72 h [52].
cheese whey up to 75% and buttermilk at 100%,  in
comparison  to the control bread sample. Kulp et al. [54] Correlation Coefficient Between Characteristics of
and Zadow [55] reported that the breads with added whey Dough, Fresh and Aged Bread Samples: Pearson
were perceived by panelists to stay fresh longer than correlation analysis among rheological, physical, sensory
control. These results are in accordance with those and textural properties of different dough bread samples
obtained by Bilgin et al. [25], who reported that the crumb are listed in Table 12. The results provided a range of
firmness values of the whey and  butter  milk  bread significant correlation coefficients (r) (from 0.015 to 0.991)
samples were lower than that the control after 72 h of for the relationship between several parameters obtained
storage.  In  addition,  the  authors  mentioned   also   that from the described different analyses of dough, fresh and
replacement of water with 100% pasteurized buttermilk stored breads. 
gave the lowest firmness value after 72 h which indicates Water absorption was negatively correlated with
softer crumb. Yousif et al. [6] observed that use of stability (r = - 0.447 at P<0.01), elasticity (- 0.506 at P<0.01),
concentrated whey retarded staling and improved the extensibility  (r  =  -  0.486  at   P<0.01),   specific   volume
keeping quality of French-type bread. Erdogdu-Arnoczky (r = - 0.848 at P<0.01), overall acceptability (r = - 0.654 at
et al. [10] found that the addition of acid whey protein P<0.01), but positively correlated with density (r = 0.846 at
resulted in the lowest bread crumb firmness values before P<0.01), protein content (r = 0.881 at P<0.01),  firmness 0
and after storage and therefore, acid whey protein (r = 0.846 at P<0.01), firmness 1 (r = 0.767 at P<0.01),
independent of heat treatment, could decrease the rate of firmness 2 (r = 0.683 at P<0.01) and firmness 3 (r = 0.514 at
bread staling. Furthermore, during sour dough P<0.01); hence as the water absorption increased the
preparation, lactic acid bacteria produce a number of protein content, density and firmness increased, while,
metabolites which have been shown to have a positive stability, elasticity, extensibility, specific volume and
effect on the texture and staling of bread, i.e. organic overall acceptability decreased. Specific volume was
acids, exopolysaccharides and/or enzymes [56]. negatively correlated with density (r = - 0.991 at P<0.01),
Additionally, the drop in pH associated with acid protein  content  ( r  =  -   0.715   at   P<0.01),   firmness   0
production causes an increase in the proteases and (r = - 0.842 at P<0.01), firmness 1 (r = - 0.758 at P<0.01),
amylases activity of the flour, thus leading to a softer firmness 2 (r = - 0.746 at P<0.01) and firmness 3 (r = - 0.735
texture. This support the idea that addition of fermented at P<0.01), but positively correlated with overall
skim milk in  the  formulation  slowed  bread  staling  and acceptability  (r  =  0.780  at  P<0.01);   therefore,   as    the
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Table 12: Correlation coefficient between characteristics of dough fresh and aged bread samples.

Items Water absorption Stability Elasticity Extensibility Specific volume Density Protein Overall Acceptability Firmness 0 Firmness1 Firmness2

Stability - 0.447**
Elasticity - 0.506** 0.334**
Extensibility - 0.486**    0.237* 0.934**
Specific volume - 0.848** 0.600** 0.430** 0.312**
Density 0.846** - 0.622** - 0.397** - 0.307** - 0.991**
Protein 0.881** - 0.373** - 0.728** - 0.782** - 0.715** 0.728**
Overall acceptability - 0.654** 0.548** 0.460** 0.363** 0.780** - 0.776**  -0.594**
Firmness 0 0.846** - 0.572** - 0.589** - 0.600** - 0.842** 0.874** 0.876** - 0.716**
Firmness 1 0.767** - 0.394** - 0.474** - 0.460** - 0.758** 0.785** 0.762** - 0.631** 0.834**
Firmness 2 0.683** - 0.328**  - 0.207  - 0.228* - 0.746** 0.777** 0.591** - 0.628** 0.759** 0.797**
Firmness 3 0.514** - 0.385**  - 0.048  - 0.015 - 0.735** 0.774** 0.397** - 0.673** 0.645** 0.651** 0.800**

**Correlation is significant at P<0.01.
*Correlation is significant at P<0.05.
Firmness 0, 1, 2, 3: Firmness of sliced bread at day 0, day 1, day 2, day 3. 

specific volume increased, the overall acceptability the dairy industry in the utilization of fermented skim milk,
increased while density, protein content and firmness whey and buttermilk available in huge quantities to
decreased.  In  addition,  density  was positively improve the nutritional value of the product.
correlated with  protein  content (r = 0.728 at P<0.01),
firmness 0 (r = 0.874 at P<0.01), firmness 1 (r = 0.785 at REFERENCES
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