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ABSTRACT

The objective of the present study was to pro-
duce vegetable milk from lupine seeds as an alter-
native to natural milk in the yogurt like production.
Lupine yoghurt like was made from in-permeate
lupine extract fortified with different levels of milk
protein concentrate (MPC) powder in comparison
with cow-milk yoghurt. Where lupine milk was ex-
tracted from soaked legume lupine (Lupinus an-
gustifolius) seeds using milk permeate (1Kg beans
/' 5 Kg permeate) and divided into 4 equal portions
and fortified with MPC powder at level of nil, 1, 2
or 3%. All treatments were converted into yoghurt
using 3% bacterial starter culture of Streptococcus
thermophilus and Lactobacillus delbrueckii ssp.
bulgaricus (1:1).

The results showed that, the addition of MPC to
lupine extract led to increase in the total solids
content of resultant yoghourts like. Also, cow yo-
ghourt had significantly higher fat content than
lupine yoghurt like. Adding MPC to the lupine yo-
ghurt milk resulted in lower fat content. Cow yo-
ghurt had lowest protein content while lupine yo-
ghurt with 3% MPC showed the highest protein
content. Crude fiber content of lupine yoghurt with-
out MPC was found to be highest than other yo-
ghurt treatments. Values of viscosity were in-
creased more with ascending ratios of MPC in Lu-
pine milk. Hardness and springiness values of all
lupine yoghurt treatments were increased during
cold storage and the increase in these two texture
parameters were positively correlated to the MPC
level. Str. theromphillus or Lb. delbrueckii ssp. bul-
garicus count in yoghurt made from cow milk
showed higher counts than that of lupine-milk yo-
ghurt like. All samples were free from any contami-

nation either with yeast or fungi organism whether
when fresh or after 7 days of cold storage while
they appeared after 14 days.

All yoghurt were sensory acceptable especially
that fortified with 3% MPC powder, which helped to
beany flavor disappearing.

Keywords: Crude fiber, Rheological properties,
Texture profile, Microbiological situation, Sensory
quality.

INTRODUCTION

Yoghurt is one of the oldest dairy products and
it has a high nutritive value. In recent years, there
is an increase in the consumption of fermented
dairy products. This is primarily explained by the
diversity of products available and their healthy
images. Yoghurt and other fermented dairy prod-
ucts made by fermentation of milk using a mixed
culture of thermophilic lactic acid bacteria (Lacto-
bacillus bulgaricus and Streptococcus thermophi-
lus) (Holzapfel et al 1998).

The human foods take a large place of leg-
umes. The animal proteins are more expensive
especially in developing countries. They depend
largely on plant to fulfill their protein requirements.
Furthermore, it is also a good source of minerals.
In addition to being a good source of nutrition,
there is a considerable interest in the related be-
tween plant based diets and prevention of certain
diseases, in which decreased levels of radicals.
Legumes seem to be responsible for improving
human health and can prevent chronic diseases.
Legumes which free from cholesterol had low so-
dium content. it is a good food stuff for people liv-
ing in developing countries and for those living in
industrialized nations (Sebastiéa et al 2001).
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In the past, lupin has been used as a source of
protein. Recently, interest in a wider utilization of
this legume seed is rising. This may be is mainly
due to its similarity with soybeans as a high source
of protein. Moreover; it economically is feasible. It
is commonly consumed as a snack in the Middle
East and is coming into use as a high protein soy
substitute in the other parts of the world (Kur-
zbaum et al 2008).

Lupin is one of the rich plants by alkaloid, ami-
no acids, carbohydrates and proteins with moder-
ate gelatin properties compared to soy proteins
(Wasche et al 2001). It is a good source of nutri-
ents, proteins, lipids, dietary fiber, minerals and
vitamins (Martinez-Villaluenga et al 2007, Torres
et al 2005).

Lupine contains plant chemicals with antioxi-
dant capacity, such as polyphenols, mainly tannins
and flavonoids (Oomah et al 2006). Increasing
interest in the production of lupine, due to its po-
tential as a source of protein, or for pharmaceutical
purposes due to high alkaline content, as a natural
component (Gaultier et al 2003; Smart et al 2003
and James et al 2004).

Lupin milk plays a key role in meeting this de-
mand as an alternative to cow or human milk in
areas where cow's milk is expensive or to feed
infants who are allergic to animal milk. The produc-
tion of non-dairy food products has been cited as a
new trend in functional food production. Sweet
lupin is used in the preparation of yoghurt like.

Milk permeate (MP) can be used as value add-
ed fortifying ingredients in other food including nu-
tritional beverages. Although still viewed as a
waste products of process, milk permeate may
hold the key to future product innovation. There
are no studies on the use of milk lupin extract in
milk permeate as a source of lactose in the produc-
tion of yoghurt like.

Therefore, the objective of the present study
was to produce vegetable milk from lupin seeds as
an alternative to natural milk and it's used in pro-
duction yogurt like.

MATERIALS AND METHODS
1. Materials

Fresh cow's milk was obtained from the herd of
the dairy cattle at faculty of agriculture, Cairo Uni-
versity, Giza, Egypt. Legume lupine (Lupinus an-
gustifolius) was purchased from local market. Milk
protein concentrate (MPC) powder, consisted
3.96% moisture, 1.82% fat, 80.51% protein, 5.87%
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lactose, 7.71% ash, was produced by Australian
Dairy University. UF milk permeate (5.65% total
solids, 0.10% fat, 0.03% non protein nitrogen,
5.02% lactose, and 0.48% ash) was obtained from
Domty CO., 6 " October City, Egypt. Pure culture
of Streptococcus thermophilus and Lactobacillus
delbrueckii ssp. bulgaricus (1:1) was obtained from
Hansen laboratory, Denmark.

2. Experimental procedure
Preparation of sweet lupine milk

Sweet lupine milk was prepared according to
the method described by Ikya et al (2013). Cereals
of good quality were carefully selected and soaked
overnight (18-24 h), at the room temperature in
ultrapure water contained 0.5% NaHCOs. Once
soaked, water was discarded and the grains were
re-soaked in boiling water for 15 min then, hulls
were removed under running water by manual
rubbing. The peeled Cereals were next rinned
beans (1:5 beans: permeate ratios), about half was
added at room temperature (23°C) and blended
with the beans at high speed for 10 min. The re-
maining permeate was heated to 80°C and added
to the slurry to enhance protein extraction. This
mixture was blended for an additional 3 min. at
high speed. The resultant slurry was filtered
through 3 layers of cheese-cloth to remove coarse
material (okara, which is mainly composed of in-
soluble fiber material). Thereafter, the isolated
based milk was boiled on a low heat for 5 min. to
destroy trypsin inhibitor and improving flavor then
cooled down to 40°C.

Preparation of lupine yoghurt like

Lupine or cow milk was heat treated at 90°C for
10 min. and cold to 43°C prior to the fermentation
step. Cow milk was used as control while lupine
milk was divided into 4 equal portions. The first
portion was served as another control without any
addition, while milk protein concentrate (MPC) was
added with ratios 1, 2, and 3% for the rest 3 por-
tions respectively. These ratios were chosen after
doing several trails by adding different ratios of
MPC to lupine milk. The added milk protein (cho-
sen ratios) was mixed properly in the lupine yo-
ghurt milk before starter. Active yoghurt starter
culture containing Str. thermophiles and Lb. del-
brueckii ssp. bulgaricus (1:1) was added to the
warm milk (43°C) at ratio of 3% and mixed proper-
ly. The inoculated milk was filled into plastic con-
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tainers (100 ml capacity) then incubation at 43°C
until pH 4.6 then cooling at 4°C overnight. Three
replicates were carried out for each treatment.

3. Analytical methods
Chemical analyses

Contents of total solids (TS) fat, protein, ash,
crude fiber and titratable acidity (TA) as well as pH
value were determined according to the methods
A.O.A.C (2012). The obtained total nitrogen con-
tent was multiplied with the suitable factor, namely
6.38 for dairy products and 6.25 for legume lupine.
Carbohydrates content was calculated by differ-
ence according to (Pellet and Sossy, 1970) as
follows:

% Carbohydrates = % Total solids - (%fat +
%protein + %ash +% fiber)

Microbiological analyses

Lb. delbrueckii ssp. bulgaricus count was enu-
merated using MRS agar according to De Man et
al (1960) at 37°C for 48 h. The plates were incu-
bated at 37°C for 48 h for. Str. thermophilus count
was determined using M17 agar medium (Ter-
zaghi and Sandine, 1975). Yeasts and Moulds
count was enumerated as described by IDF,
(1990), The plates were incubated at 25°C for 5-7
days. Colifrom bacteria were tested as suggested
by the APHA (1992).

Rheological analyses

The apparent viscosity was measured accord-
ing to Petersen et al (2000) using Brookfield Engi-
neering Labs DV Il ultrarheometer, Inc. Stoughton,
MA, USA. Texture Profile Analyses (TPA) of yo-
ghurt samples were determined BY IDF (1991)
using the Texture Analyzer (QcTech A software for
B/C indicator (Texture for any food) Taiwan
No.110810.

Sensory evaluation
The sensory score of different yoghurt like

samples made from different cereals were as-
sessed by regular taste panel of the staff-member
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at Food Science Department, Faculty of Agricul-
ture, Ain Shams University and Dairy Research
Department, Food Technology Research Institute,
Agricultural Research Center, Giza, Egypt. Yoghurt
like samples were evaluated for appearance, body
& texture, flavor and total score according to the
scheme of Tamime & Robinson (1999). The
score sheet was 10 points for appearance, 40
points for body & texture and 50 points for flavor.

Statistical analyses

Statistical analysis was performed according to
SAS Institute (1990) using General Linear Model
(GLM) with main effect of treatments. Duncan’s
multiple range was used to separate among of
three replicates at P < 0.05.

RESULT AND DISCUSSION

Chemical
milks

compositions of lupine and cow

Data given in Table (1) showed that lupine milk
had high total solids (TS), protein and carbohy-
drate contents as compared with those of cow milk.

Chemical composition of fresh lupine yoghurt
like

Table (2) showed chemical composition of
fresh lupine yoghurt like. Although TS content of
plain lupine yoghurt was higher than those of cow
milk, addition of MPC powder to in-permeate lupine
extract led to increase the TS content of resultant
yoghourts like. The results indicate also that cow
yoghourt had significantly higher fat content than
lupine yoghurts. Moreover, the addition of MPC
powder to the in-permeate lupine extract resulted
in further reduction in the fat content of its yoghurt.
Cow yoghurt had lowest protein content while lu-
pine yoghurt with 3% MPC powder showed the
highest one among all treatments. Resultant yo-
ghurts of lupine milk fortified with MPC powder
showed higher carbohydrate as well as ash con-
tents than those of unfortified lupine yoghurt like,
which contained the crude fiber content (Table, 2).
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Table 1. Chemical compositions of in-permeate lupine (5:1) extract and cow milk

Fat | Protein | Ash | *Carbohydrate | Crude fiber
Type of yoghurt source | Total solids %

% % % % %
Cow milk 12.18 3.10 3.40 0.72 4.96 -
Lupine extract 14.96 0.95 4,93 0.44 7.54 1.10

*: By difference

Table 2. Chemical composition of fresh lupine yoghurt like fortified with milk protein concentrate (MPC)

powder at different levels

Supply of yoghurt making
Component
% Cow milk | In-permeate lupine extract fortified with MPC powder at the level of
(control) Nil % 1% 2% 3%

Total solids 14.21F 15.81P 16.61°¢ 17.418 18.16%
Fat 3.504 0.88" 0.858 0.81°¢ 0.80¢
Protein 4.20° 4.70¢ 5.258 5.75%8 6.35"
Ash 0.91~ 0.45¢ 0.47¢ 0.498¢ 0.528
Crude Fiber N.DB 1.10% 1.004 1.004 0.904
*Carbohydrate 5.60° 8.68P° 9.04¢ 9.368 9.594

*: By difference

A,B,C : Means with the same letter among treatments are not significantly different

Acidity and pH values

The data in Fig.(1) indicated that the plain lu-
pine yoghurt has the lowest titratable acidity (TA)
content, while the highest TA content was noticed
with cow yoghurt (control). Karleskind et al (1991)
stated that some of the common problems in leg-
ume-based yogurts are a low acidity and a beany
flavor. Likewise, Martinez et al (2003) noticed that
yoghurt starter grew and produced more acid in
cow milk than lupine milk.

Addition of MPC powder to lupine yoghurt milk
increased the TA content. The TA content of yo-
ghurt increased as the fortification level with MPC
powder heightened or the cold storage period pro-
longed. Similar observation was recorded by Awad
(2003). The trend of pH values were opposite to
those of TA in cases.

Apparent Viscosity

It is clear from the data in Fig. (2) that, fresh
cow yoghurt had the highest viscosity value. On
the other hand, the fresh plain lupine yoghurt pos-
sessed the lowest one. Addition of MPC powder to
lupine milk improved significantly the yoghurt like
viscosity. Values of yoghurt viscosity were in-
creased more as the fortification level with MPC
powder raised. This could be due to the role of
MPC powder to increase TS content and rather the
protein content and hence increased the viscosity
values. Viscosity values were increased with ex-
tending the storage period in all treatments includ-
ing controls.
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Fig. 1. Titratable acidity (%) and pH value of cow or lupine yoghurt like fortified with different levels of milk
protein concentrate powder during storage at 5+2°C for 14 days

CC: control yoghurt made of cow milk.

LC: control yoghurt made from in-permeate lupine extract (5:1).

T1,T2 or T3: yoghurt like made from in-permeate lupine extract fortified with 1,2 or 3 % milk protein concentrate powder
respectively.
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Fig. 2. Viscosity (cp) of cow or lupine yoghurt like fortified with different levels of milk protein concentrate

powder during storage at 5+2°C for 14 days

CC: control yoghurt made of cow milk.

LC: control yoghurt made from in-permeate lupine extract (5:1).
T1,T2 or T3: yoghurt like made from in-permeate lupine extract fortified with 1,2 or 3 % milk protein concentrate powder

respectively

Rheological properties

As shown from the results in Table (3), hard-
ness of cow yoghurt was the highest compared
with all lupine yoghurt treatments. Addition of MPC
powder to in-permeate lupine extract led to in-
crease of hardness. This increase may be due to
the increment in the TS and rather in the protein
content of yoghurt occurred as the MPC powder
was added. Between lupine yoghurt treatments,
lupine yoghurt with 3% MPC powder (T3) pos-
sessed the highest of adhesiveness followed by
yoghurt with 2% MPC (T2) and lupine yoghurt with
1% (T1). Cow yoghurt control had the lowest value
of cohesiveness while lupine yoghurt with 3 %
MPC (Ts) had the highest one. Cow yoghurt had
the lowest value of cohesiveness while lupine yo-
ghurt with 3 % MPC (Ts) was distinguished with the
highest one. Also, Hardness and springiness val-
ues of all lupine yoghurt treatments were increased
during cold storage and the increase in these tex-
ture characteristics were in paralleled to the

amount of MPC powder added. On the other hand
adhesiveness, cohesiveness and gumminess val-
ues of lupine treatments were decreased by ad-
vancing the cold storage period.

Microbiological quality

As shown from the result in Table (4), strains
counts of t bacterial starter culture namely, Str
.theromphillus and Ib. delbrueckii ssp. bulgaricus of
cow milk yoghurt (control) showed higher counts
than those of all lupine-milk yoghurts. These ob-
servations are similar to those reported by Shirai
et al (1992) and Martinez et al (2003) who found
that the counts of yoghurt bacterial starter culture
were higher in the cow yoghurt than in the lupine
one. Adding MPC powder to lupine extract pro-
moted the bacterial growth as the fortification level
heightened. It could be observed that, there were
significant differences in bacterial counts among
lupine yoghurt samples during 14 days of cold
storage.
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Table 3. Texture profile of cow yoghurt and lupine yoghurt like fortified with milk protein concentrate
(MPC) powder at different levels during storage at 5+2°C for 14 days

Supply of yoghurt making
Cold storage . In-permeate lupine extract fortified with MPC
Property . Cow milk
period (day) (control) powder at the level of
Nil % 1% 2% 3%
Fresh 1.40 0.30 0.50 0.70 1.00
Hardness
N) 7 1.60 0.40 0.60 0.80 1.10
14 1.90 0.40 0.70 0.90 1.40
) Fresh 0.403 N/A 0.612 0.979 1.243
Adhesiveness
(mi) 7 0.404 N/A N/A 0.929 1.120
: 14 0.405 N/A N/A N/A 1.028
Fresh 0.93 1.86 1.16 1.25 2.25
Cohesiveness 7 0.93 0.99 1.55 1.03 1.98
14 1.00 0.38 0.38 1.50 1.78
o Fresh 9.98 9.96 9.97 9.98 9.98
Springiness
(mm) 7 9.99 9.99 9.99 9.99 9.99
14 1.50 0.10 0.10 0.20 0.60
. Fresh 1.20 0.30 0.40 0.70 0.90
Gumminess
N) 7 1.50 0.10 0.20 0.30 0.90
14 1.50 0.10 0.10 0.20 0.60

Table 4. Microbiological situation of cow yoghurt and lupine yoghurt like fortified with milk protein
concentrate (MPC) powder at different levels during storage at 5+2°C for 14 days

Supply of yoghurt making
Microbial strain Cold storage Cow milk In-permeate lupine extract fortified with
(log cfu /g) period (day) (control) MPC powder at the level of
Nil % 1% 2% 3%
Strept Fresh 7.56%2 7.2082 7.31B2 7.40782 7.50%2
reptococcus
P . 7 7.22R0 6.5280 6,628° 6.748 6.9170
thermophillus
14 6.59A¢ 6.118¢ 6.258¢ 6.365¢ 6.48A¢
Lactobacillus Fresh 8.22Aa 7.61B2 7.71B2 7.88B2 8.01A2
delbrueckii ssp. 7 7.72R0 7.208P 7.4180 7.53ABb 7.6170
bulgaricus 14 6.47A¢ 6.058¢ 6.108¢ 6.218¢ 6.384¢
Fresh ND ND ND ND ND
Yeasts and
7 ND ND ND ND ND
moulds
14 1.2¢ 1.58 1.68 1.68 1.94

A, B, C : Means with the same letter among treatments are not significantly different.
a, b, c : Means with same letter for same treatment during storage periods are not significantly different.
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Also, all samples were free of contamination by
yeast and fungi organism at zero time and even
after 7 days, while it appeared after 14 days. Dur-
ing cold storage there were slight differences in
molds and yeasts counts between lupine yoghurt
treatments versus cow yoghurt.

Coliform bacteria was not detected in all treat-
ments without any exception whether when fresher
or during the refrigerated storage. This due to the
efficient heat treatment of the different yoghurt
milks and lupine yoghurt like (90°C for 10 min) and
high sanitation conditions during manufacture and
storage of yoghurt. In addition, it had been also
referred to the effect of developed acidity in

Shymaa Mohamed; Awad; El-Batawy and Wafaa Salama

yoghurt samples, which plays an important role in
reduction of growth rate for coliform bacteria.
These results are in harmony with those of Fara-
hat and El-Batawy (2013).

Sensory quality

It is also obvious from the data in Table (5) that
the use of MPC powder especially at the level of
3% led significantly to improve the quality of re-
sultant lupine yoghurt like including the disappear-
ing of the beany flavor, from which the other lupine
yoghurt was suffered due to the reduced fortifica-
tion level than 3% MPC powder.

Table 5. Organoleptic score of cow yoghurt and lupine yoghurt like fortified with milk protein con-
centrate (MPC) powder at different levels during storage at 5+2°C for 14 days

Supply of yoghurt making
Sensory Cold storage Cow In-permeate lupine extract fortified with
score period (day) milk MPC powder at the level of
(control) | Nil % 1% 2% 3%
Fresh 9.7 7.6 8.4 9 9.4
Appearance
7 9.5 7.4 7.8 8 9
(10)
14 8.9 7 7.2 7.9 8.4
Body & Fresh 37.9 30.4 32 35.2 36.8
texture (40) 7 38 27.2 28.8 33.6 36.5
14 36 26.4 27.2 32 344
Fresh 48 36 40 45 46
Flavor (50)
7 46 35 36 38 44
14 45 34 34 36 42
Fresh 95.6”2 T4Fe 80P 89.2¢b 92.2Bab
Total (100) 7 93,513 69.6P9 72.65f 79.6%4 89.580
14 89.9/0 67.4P" 68.4P9 75.9¢¢ 84.88¢

A, B, C : Means with the same letter among treatments are not significantly different.
a, b, ¢ : Means with same letter for same treatment during storage periods are not significantly different.
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CONCLUSION

Therefore it can be conclude that, incorporation
MPC up to 3% into lupine extracted with permeate
improved the physic-chemical and sensory proper-
ties of lupine yoghurt like. Also, it enhanced nutri-
tionally the resultant product.
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