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Abstract

emulsifier and gelling agent in the food industry, and is

approved in most areas of the world. The aim of this study
was the production of carob dibis, separate and purification of LBG
from seeds then investigate the effect of addition of carob dibis at
the rate of 10% and LBG (0.00, 0.02, 0.04, 0.06 and 0.08% w/v)
on the pH, total solids (T.S), water holding capacity (WHC), mineral
content, rheological properties, microbiological analyses and
sensory evaluation of set-type yoghurts. It was found that carob
dibis is a rich source of sugars and contains high concentrations of
minerals. The use of LBG in the yoghurt processing affected the
pH. It was found that the water holding capacity of samples ranged
from 20.15% to 23.95% during storage period. Dibis and LBG
addition did not influence the counts of bacteria. The use of LBG
as a stabilizer at concentration of 0.04% LBG+10% dibis in
yoghurt manufacture was the best treatment that improved the
sensory and rheological properties compared with the yoghurt
from the other treatments.
Key words: Carob, locust bean gum, dibis, yoghurt, textural and

sensory properties.

L ocust bean gum (LBG) is used as a thickener, stabilizer,

INTRODUCTION

Yoghurt, a fermented dairy product, is produced by adding yoghurt starter
bacteria in milk. It is a popular product throughout the world (Tamime and Robinson,
1999).Texture is one of the main characters that define the quality of yoghurt.
Elaboration of yoghurt texture is depending on various factors, which have been
extensively studied with the aim to improve this important feature for yoghurt quality.
Stabilizers are commonly used in cultured products to control texture and these
include locust bean gum, xanthan gum, and carrageenan, guar gum, gelatin, pectin,
agar and whey protein concentrate(Lucey, 2004). Stabilizers are used in yoghurt as a
single compound or as a blend and are used as thickening, stabilizing and gelling
agents. The selection of a particular type of stabilizer is dependent on aspects such as

functional properties, the effect, or mode of action of the stabilizer and the optimum
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concentration to be utilized. Choice of the proper type and level of hydrocolloid used
is one of the most important factors in the manufacture of fermented dairy products.
The addition of stabilizer to yoghurt improve body and texture, appearance and
delays whey separation .

Stabilizers have two basic functions in yoghurt: the binding of water and
improvements in texture (Kumar and Mishra, 2004).

The carob product most widely used, especially for the food industry is the
carob bean gum (CBG), or locust bean gum (LBG), for use as a natural food additive
(known as E 410). LBG is the milled and purified endosperm of seeds of carob that is
mainly used in food and nonfood products as thickening and stabilizing agents. The
chemical composition (88% galactomannans, 5% other polysaccharides, 6% protein,
and 1% ash of LBG) plays an important role in their rheological properties (Kok,
2007).

In recent years, the use of carob dibis has been rapidly increased because of
its nutritional properties such as their minerals content (K, Ca, Fe, P and Mq).
Carbohydrates and organic acids are the major constituent of dibis. Dibis added to
yoghurt has functional benefits further than plain yoghurt, concerning consumer
health. The addition of dibis allowed enriching yoghurt with sugar, also it contains
high amount of iron, which is recommended in the treatment of anemia. Researchers,
who studied about molasses added yoghurt, suggested that using various stabilizers
could improve textural properties which were impaired by dibis addition (Karaca,
2013).

The aim of this research was to produce carob dibis from carob pods,
separation and purification LBG from carob seeds, then evaluate the
physicochemical properties of carob dibis and purified LBG. Utilizating the dibis and
LBG-dibis in set yoghurts. The physicochemical, rheological, and microbiological

properties of yoghurt samples were determined during the storage period.

MATERIALS AND METHODS

Materials:

5 kg of carob were purchased from the arid Aswan desert region of southern
Egypt in November 2014. Cow, and Buffaloes milk were obtained from dairy farm of
faculty of Agriculture, Alexandria University, Egypt. Skimmed milk powder was
obtained from a local market. Freeze dried DVS-ABY-1Nu-TRISH yoghurt cultures

containing S. salivarius subsp. thermophilus and L. delbrueckii subsp bulgaricus



EL- KHOLY, WEDAD M., et al. 1273

strains were obtained from Chr. Hansen Inc. Laboratories, Denmark, by Misr Food
Additives (MIFAD), Egypt.

Methods:

Physical Methods:

The weight of the pods and seeds was carried out to determine the
percentage of seeds and pulp of pods; the hull, endosperm and germ of seeds.
Technological Methods:

Preparation of Carob Dibis

The carob pods were immediately washed with water and dried in the oven
for 30 min. at 40°C. The pods were then stored in dry environment at room
temperature until used. The carob dibis is prepared according to the method shown in
Figure (1) as cited by (Karima et al,2014 ) with some modification Pods pulps were
grounded using a blender (Kenwood major titanium, Japan) and filtration was
achieved through cloth. The extract of carob was concentrated to 71° Brix by rotary
evaporator (Hahnvapor, Mod No. HS-2005SD, Korea). The obtained final dibis was
kept in dark bottles at room temperature until used.

Carob pods were washed with
water, then dried for 30min at 40°C

v
Cracking pods
¢ —_— Juice
Destining (remove the seeds) l

!

Concentrated to 71° Brix at 60°C

Grinding the pulp

v v
Mixing with water (ratio 1:3 w: v) Cooling
A4 l
Soak for 24 hours Dibis
Re-extraction at refrigerator temperature l
¢ Packing
Filtration \ l
Storing

Figure 1. Preparation process of carob dibis.
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Separation and purification of locust bean gum (LBG)

An aliquot amount of carob seeds (100 g) was soaked in 800 ml boiling water
for 2 h. followed by removing the seeds from hot water. Seed endosperms were then
separated manually from the germ and hull. The separated endosperms were dried by
a freeze dryer (Freezoneplus 6, Labconco, USA), milled by adisc mill and sifted with
125um sieve to obtain crude LBG (Dakia et al., 2008).

To produce purified LBG solution, the crude LBG was purified according to the
procedure of (Bouzouita et al, 2007) with some modifications. Briefly, LBG solution
(include 1 g LBG/100 m distilled water) was prepared and heated at 80°C in a water
bath for 30 minutes. After cooling, isopropanol alcohol was added to the solution
(isopropanoal to LBG solution 2:1), mixed thoroughly and left for 120 min at room
temperature. The white fibrous precipitate formed was then collected by filtering the
mixture through a metal sieve (with opening diameter of 1mm) and washed with
isopropanol twice then dried at room temperature.

Yoghurt Production

The total solid content of milk ( a mixture of 50% cow and 50% buffaloes
milk) was standardized to 14% by adding (3%w/v) skimmed milk powder. The levels
of LBG used in yoghurt production were (0.00, 0.02, 0.04, 0.06 and 0.08%).
Standardized milk was divided into six equal parts. The control yoghurt (C1) was
prepared from the standardized milk, while experimental yoghurts(C2,T;, T,, T and
T4) were prepared from standardized milk with added 10% dibis (Preliminary
experiment was done to select the best concentration from carob dibis) and addition
of (0.00, 0.02, 0.04, 0.06 and 0.08%) locust bean gum (w/v), respectively. LBG used
in the formulations was soaked using distilled water at 80+1°C. The mixtures were
stirred for 30min on a magnetic stirrer and cooled at room temperature. Hydrated
locust bean and skimmed milk powder (3% w/v) were mixed. All treatments were
heated to 85°C for 15 minutes and rapidly cooled to 42+1°C.Carob dibis were then
added to five milk batches respectively at a concentration of 100 ml /L. Then all
batches  were inoculated  with  yoghurt  starter(S.thermophilus  and
L.bulgaricus2%),distributed in 100 ml sterile plastic containers followed by incubation
at 42+1°C until a pH of 4.7 was reached. After incubation yoghurt samples were
cooled down and stored at 4+1°C for 9 days. Three replicates of set yoghurts were
produced.

Physico-chemical analysis
Moisture, crude protein, fat, crude fiber and ash contents were determined

according to AOAC (2007). Carbohydrate content was determined by differences of
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total contents (moisture, protein, fat, crude fiber and ash) from 100.Thetotal soluble
solids (TSS) content was determined using digital refractmeter (Hanna, HI 96811,
Germany). Total, reducing and non-reducing sugars were determined by the Lane-
Eynon method AOAC (2007).The pH was determined using glass electrode pH meter
(Persica model pH 900, Switzerland).The minerals (K, Ca, Mg, Na, Fe and Mn) were
determined according to the AOAC (2007).Ca, Mg, Fe and Mn were determined using
a Perkin Elmer Atomic Absorption spectrophotometer (Model 2380, Japan), while K
and Na were determined by coring flame photometer(Model 410, Japan).The water-
holding capacity of yoghurt samples was determined according to Arslan and
0zel(2012). Triplicate measures were taken for each sample. Viscosity of the samples
was determined by using a Brookfield viscometer (model DV-II + Pro, Brookfield
Engineering Laboratories, Middleboro, MA, USA) at 24.8°C with spindle number SC4-

15after 30s rotation of 80 rpm (Cinbas and Yazici, 2008). The colour of carob dibis
was evaluated by measuring the Hunter L, (Lightness; (100) white, (0) black), a ((+)

red,(—) green) and b ((+) yellow, (—) blue) parameters with a colorimeter (Hunter

Ultra Scan VIS).
Rheological analyses of yoghurt sample

Texture properties were measured at 20°C using a texture analyzer (TA1000,
Lab Pro (FTC TMS-Pro, USA). A two-bite penetration test was performed using the
Texture Analyzer with the TA17 probe (30 and 35 mm diameter) and operated
at a crosshead speed of 1 mms_land penetration distanceofl0mm. Hardness,
adhesiveness, springiness, cohesiveness, gumminess and chewiness were evaluated
by the method described by (Bourne, 1978).
Microbiological analyses

The total bacterial count was determined according to (Marshal, 1992). For
enumeration of S. salivarius subsp. thermophilus, diluted samples were cultivated on
M17 agar and incubated at 30°C for 48-72 h under aerobic conditions.MRS agar was
used for enumeration of L.delbrueckii subsp. bulgaricus. The plates were incubated at
37°C for 48-72 h .Coliform bacteria and Moulds and Yeasts were enumerated
according to standard methods for examination of dairy products (Marth, 1998) using
the violet red bile agar (VRBA) and acidified potato dextrose agar (PDA), respectively.
Yoghurt samples were analyzed at zero, 3, 6 and 9 days. The results were recorded

as a number of colony forming units per gram (log;ocfu/g).
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Sensory evaluation

Sensory evaluation of carob dibis and yoghurt samples was done for
appraising the sensory traits of the product. It was carried out by a panel consisting
of 10 panelists including staff members and assistants, engineers and post graduate
students at Faculty of Agriculture El-Shatby, Dairy Science Department and Food
Science and Technology Department (Ranadheera et al., 2012).
Statistical analysis

All data were expressed as mean values + SD. Statistical analysis was
performed using one way analysis of variance (ANOVA)followed by Duncan- s Multiple
Range Test with P>0.05 being considered statistically significant using SAS software

program (SAS, 2004).

RESULTS AND DISCUSSION

Measurement of carob pods and extraction yield

The pod is light to dark brown, straight or slightly curved, with a thickened
margin, and ranges from 10 to 20 cm in length and 1.5-2 cm in width. Results of
carob pod measurements are shown in figure 2 and Table 1. The two main carob pods
constituents are pulp (89.86%) and seeds (10.13%) by weight. Carob seed
constituents are hull (35.56%), germ (24.64%) and endosperm (39.76%) the results
are in good agreement with Dakia et al, 2008. The separation of the seed components
furnished a higher vyield of yellowish endosperm 39.74g /100g of seed. The mean
value of purified LBG yield was being 72.66% of dry endosperm and this is higher
than the 51-61% yield range reported by (Dakia et al., 2008).

Figure 2. Images of carob A and B: Pods, C: crush Pulp, D: Seeds, E: Soaking seeds,
F: Hull, G: Endosperm and H: Germ.
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Table 1. Measurement average of carob

Constitutes Values (%)
A- Pods
1-  Pulp yield 89.86+0.68
2-  Seeds yield 10.13+£0.68
B- Seeds
1-  Hull (seed coat) 35.56+0.52
2-  Germ (embryo) 24.64+0.44
3- Endosperm 39.76+0.98
C- Endosperm
purified LBG yield 72 .66+0.77

Physico-chemical composition and microbiological analyses of carob dibis

The physic-chemical composition of carob dibis is shown in Table (2).
Revealed that the total solids matter was 73.55%. The data showed that carob dibis
is a rich source of sugars containing high concentrations of total sugars (58.85%),
reducing sugars (15.823%), and non-reducing sugars (43.03%). Simsek, (2000) also
reported that carob dibis had 62.16-68.79% total sugars and 40.36-44.38% non-
reducing sugar and also contained high amounts of total soluble solids (71Brix) this in
principle is due to the high level of sugars and relatively low moisture content.
Therefore, it is a good source of energy and can also be stored for a long time without
deterioration.

High concentrations of minerals were found in carob dibis being K
(1241.65mg/100g), Na (78.10mg/100g), Mg (88.17mg/100g), Ca (314.90mg/100g)
and Fe (2.63mg/100g).

Also as shown in Table (2) the viscosity of carob dibis was 2913 cp .The
colour L, a, and b values were 26.34, +1.83 and+3.83 respectively. Therefore, a low
redness (a) and a high Lightness (L) value indicated that the dibis is of good quality.
Simsek (2000) reported that L, a, b values in carob dibis were18.28, 0.61, 0.51
respectively.

In addition, the total bacterial count was 258cfu/g; while, moulds and yeasts

were not detected.
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Table 2. Physico-chemical composition and microbiological analyses of carob dibis

Components Dibis
Total solids (%) 73.55+0.93
Total soluble solids (Brix) 71.00+0.33
Total sugar (%) 58.85+0.69
Reducing sugar (%) 15.82+0.81
Non reducing sugar (%) 43.03+0.29
Titritable acidity (%) 0.87+0.013
pH value 5.18+0.011
K 1241.65
Ca 314.90
Minerals (mg/100g) Mg 88.17
Na 78.10
Fe 2.63
Zn 0.41
Mn 0.14
Viscosity (cp) 2913.00
Colour
L 26.34
a +1.83
b +3.83
Total bacterial counts (cfu/g) 258+3.33
Yeasts and moulds counts ND

cp: centipoise , (L): lightness, (+a): redness (+b): yellowness and ND: Not Detected

Sensory evaluation of carob dibis
As illustrated in Table (3) it could be noticed that carob dibis had a dark
brown colour, with thick syrup texture like black honey, smells like mild chocolate, had

a sweet taste and was very acceptable, providing a robust sweet flavour to many

foods. The data are in good agreement with (Ersan and Nursel, 2005).

Table 3. Sensory evaluation of carob dibis

Attributes Carob dibis

Colour Dark brown liquid
Texture Thick syrup

Odour Smells like mild chocolate
Taste Sweet

Acceptability Very acceptable
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Chemical composition and microbiological analyses of LBG

The chemical composition of LBG is presented in Table 4. It can be noted that
the moisture content and total solids were (11.17% and 88.82%) respectively. The
crude protein content of LBG was (0.74%). It appears that the purification process
has largely reduced the protein content of LBG. The results show that LBG had lower
amounts of non-carbohydrate components such as fat, crude fiber and ash. The total
carbohydrates content of LBG was 96.96%.

The data in Table (4) revealed that the LBG is considered a rich source of K,
Ca, Mg, Na and Fe. Among the major minerals measured in LBG, K predominated
(471.9 mg/100g) followed by high levels of Ca, Na, Mg and Fe (157.61, 130.35, 55.21
and 3.42 mg/100g), respectively. Levels of Zn and Mn were considerably lower (1.64
and 0.07 mg/100qg), respectively. The data are in good agreement with (El-Shatnawi
and Erifi, 2001).

In addition, the total bacterial count was 140.33(cfu/g); while, moulds and
yeasts were not detected. The low moisture content permitted better conservation of
LBG powder and inhibited the development of bacteria.

Table 4. Chemical composition and microbiological analyses of LBG

Components LBG
Moisture (%) 11.17+0.68
Total solids (%) 88.82+0.68
Crude protein (%) 0.74£0.07
Fat (%) 0.92+0.05
Crude fiber (%) 0.73%0.08
Ash (%) 0.65+0.08
Total carbohydrate (%) 96.96+0.15
pH 5.25+0.01
K 471.90
Ca 157.61
Minerals (mg/100g) Na 130.35
Mg 55.21
Fe 3.42
Zn 1.64
Mn 0.07
Total bacterial counts (cfu/g) 140.33+1.77
Yeasts and moulds counts ND

ND: Not Detected
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Physico-chemical analysis of plain yoghurt and LBG-10% dibis yoghurt
The pH

Figure (3) showed the pH value of set yogurts during the storage period. In
the present study, the pH of set yoghurt demonstrated wide variations during storage.
The pH of plain yoghurts (C1) was higher than that prepared with 0.00% LBG+10%
dibis (C2) during the storage period. This may be due to the presence of higher
carbohydrate content in dibis being converted into acid during the fermentation
process. The pH value of yoghurts and LBG-10% dibis yoghurt increased with
increasing of LBG concentration and during storage up to 9 days this may be due to
high absorption of water by LBG and the water becomes unavailable for starter
cultures. For this, it results in reducing the activity of starter cultures (Tamime and
Robinson, 1999) and lactic acid production.

Total solids contents

The data in Figure (4) revealed that the total solids content of plain yoghurt
and LBG-10% dibis yoghurt was affected by addition of dibis, LBG and during storage.
The total solids in all treatments ranged from 20.15% to 23.95% during storage
period. The total solids content were higher in yoghurts with LBG-10% dibis,
compared with plain yoghurts (Cl)and with 0.00% LBG+10% dibis (C2) reflecting
higher total solids content in treated yoghurts due to addition of dibis (73.55%
solids) and TS increased with increasing of LBG concentration. These results were in
agreement with those obtained by Hande and Seher (2013). Moreover, there were
increases in the total solids content with storage up to 6 days for all treatments.
Increasing LBG levels led to increased total solids values. The functionality of
hydrocolloids is demonstrated by their ability to bind water and prevent the free
movement of water. Changes in total solids may affect certain other physico-chemical
properties such as water holding capacity.

Water-holding capacity (WHC)

The results for the effect of dibis, various concentration of LBG and storage
period on water holding capacity are shown in Figure (5). The plain yoghurt (C1) and
that with 0.00% LBG+10% dibis (C2) showed a lower increase in water holding
capacity as compared to the yoghurt samples treated with various concentration of
LBG-10% dibis. Figure (5) shows that there was an increase in the water holding
capacity of samples with the increase of LBG concentrations. Also, they increased
during 9 days of storage for all treatments. The difference in WHC may be attributed
to the properties of different proteins found in yoghurts. Interactions of water with
proteins are very important in food systems because of their effects on the flavour

and texture of foods. Stabilizers have two basic functions in yoghurt i.e. the
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binding of water and improvement in texture (Kumar and Mishra, 2004).
Stabilizers bind with water to reduce water flow in the matrix space and some
may interact with protein in the food matrix, and further increase hydration
behavior (Tamime and Robinson, 1999). It was determined that LBG addition to the

yoghurt led to the increment of water holding capacity.

Figure 3. pH values of plain yoghurt and LBG-dibis yoghurt during the storage period.
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C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2:
0.04% LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.

Figure 4. T.S values of plain yoghurt and LBG-dibis yoghurt during the storage period.

—o—C1

C2
——T1
——T2
—¥%—T3

19 T T T T T 1

Time (days)

C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2:
0.04% LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.
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Figure 5. WHC values of plain yoghurt and LBG-dibis yoghurt during the storage period
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C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2:
0.04% LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.

Mineral content

Data presented in Table (5) illustrate the minerals content of set yoghurt with
dibis different concentration of LBG and during storage for 9 days. The obtained data
show that K, Ca, Mg, Na, Fe, Zn and Mn content of set yoghurt from all treatments
increased with the addition of LBG-10% dibis compared to the plain yoghurt (C1)
during the storage period. The minerals content in dibis is higher than that of milk and
the addition of dibis in yoghurts would indicate an increase in the final content of
minerals. Yoghurt can also be a good source of essential nutrients such as minerals,
especially zinc, in comparison with other dairy products (Yaman et al., 2005). The
highest zinc content was found in set-yoghurt made with LBG-10% dibis followed by
set-yoghurt made with 0.00% LBG+10% dibis (C2). Iron content in the presence of
dibis and at various concentration of LBG was the highest while plain yoghurt (C1)
was the lowest. Differences in the manganese content were also observed with the

presence of dibis and at various concentration of LBG.



EL- KHOLY, WEDAD M., et al. 1283

Table 5. Minerals (mg/100g) of plain yoghurt and LBG-10% dibis yoghurt during
fresh and after storage periods at 9 days.

Storage Control Percentage of added powder
Components
(days) C1 c2 Ty T, T3 T4
Fresh 214.22 422.33 423.33 423.36 423.38 423.56
« 9 226.38 431.45 432.26 432.28 432.38 432.45
Fresh 186.54 224.97 225.17 225.23 225.34 225.57
© 9 189.41 227.83 228.91 229.13 229.26 229.63
Fresh 13.35 18.98 19.68 19.72 19.74 19.88
Mo 9 14.91 20.32 20.44 20.52 20.58 20.62
Fresh 60.38 62.04 62.54 62.64 62.72 62.78
e 9 63.76 64.21 64.61 64.68 64.74 64.80
Fresh 0.47 1.04 1.07 1.08 1.08 1.09
e 9 0.50 1.07 1.09 1.10 1.11 1.13
Fresh 3.43 4.17 4.19 4.22 4.24 4.27
o 9 3.46 4.20 4.21 4.23 4.25 4.29
Fresh 0.14 0.81 0.82 0.82 0.82 0.83
" 9 0.15 0.84 0.83 0.83 0.83 0.83

C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2:
0.04% LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.

Rheological properties of yoghurts

The effects of dibis, LBG and storage period on textural properties are shown
in figure (5). Major parameter for evaluating textural characteristics of food are :
Hardness

Hardness (g of the samples were obtained from the curves as the maximum

force of the first compression) is a commonly evaluated parameter while determining
yoghurt texture. Figure (6.a) Initial hardness of sample ranges from 37 to 55g. During
storage period the hardness of yoghurt increased gradually up to 3 days of storage for
all treatments then decreased till the end of storage period. LBG addition increased
hardness values of yoghurts considerably. This can be explained by the presence of a
mixed gel of LBG and casein and therefore its strength increases with LBG. The set
yoghurt with 0.04% LBG+10% dibis (T2) stored for 3 days had a higher hardness
value than that containing higher concentration of LBG. Additionally, yoghurt
produced by using 0.00% LBG+10% dibis (C2) gave the highest hardness values at
the end of storage period among all treatments. The increase of hardness could be
due to the reduction of pH during storage, causing the gel to contract and

consequently increased gel firmness (Coggins et al., 2010). The hardness of yoghurt
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was found to be affected by the composition and pH of yoghurt. Positive correlation
was found between hardness and total solids and pH.
Adhesiveness

Yoghurt produced by using 0.00% LBG+10% dibis (C2) and yoghurt with
different concentration of LBG-dibis had the highest adhesiveness values at the 6 day
of storage period than that of plain yoghurt without dibis (C1). Additionally, the set
yoghurt with 0.04% LBG+10% dibis (T2) at 6 and 9 days storage had higher
adhesiveness values than that containing higher concentration of LBG. Decreases in
adhesiveness appear to be related to the formation of a weak three-dimensional
network caused by increasing LBG concentration. Probably, the high content of LBG
reflected the low adhesiveness values for those samples and produced yogurt with
soft and very low rubbing texture (Figure 6.b). The results revealed an inverse
relationship between adhesiveness and hardness.  The lowest and highest
adhesiveness were observed in T4 and T2, respectively.
Cohesiveness

Cohesiveness, which is defined as the extent to which sample is deformed
before its ruptures. The data in figure (6.c) show that cohesiveness of plain yoghurt
(C1) or with 0.00% LBG+10% dibis (C2) decreased during storage period.
Cohesiveness showed negative correlation with T.S. Cohesiveness values of yoghurts
were affected by LBG. Addition of LBG increased the cohesiveness values in set
yoghurt with 0.06% and 0.08% LBG+10% dibis (T3 and T4) after 3 days, and then
decreased with the increase of storage period. Added LBG may be responsible for the
observed differences in the cohesiveness.
Springiness

Springiness is the rate and extent to which a deformed material goes back to
its initial condition after the deforming force is removed. Data in figure (6.d) show
that the highest springiness was observed during 3 days of storage in all treatment
then decreased through the 6 days of storage except for 0.06% LBG+10% dibis (T3).
Dibis and LBG addition influenced of springiness values of yoghurts. Data in figure
(6.d) show that the springiness of set yoghurt with 0.04% LBG+10% dibis (T2) stored
for 3 days gained a higher value than that containing higher concentration of LBG.
Gumminess

Gumminess is the energy required to disintegrate a semi solid food product to
a state ready for swallowing and is the product of hardness and cohesiveness.
Gumminess in sample was affected by total solids content. Data in figure (6.e) show

that the gumminess tended to increase during 3 days in all treatment except for plain
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yoghurt (C1), and then decreased during storage period. The highest gumminess
values were observed after 3 days of all treatment.
Chewiness

Chewiness showed similar trends of variations of gumminess. Data in figure
(6.f) showed that the chewiness of yoghurt increased during 3 days of storage for all

treatments then decreased tell the end of storage period.

Figure 6. Textural properties of plain yoghurt and with LBG-10% dibis yoghurt during

the storage period.
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C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2:
0.04% LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.
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Microbiological analysis

Microbiological analysis data presented in Table (7) included total bacterial, L.
bulgaricus and S. thermophiles counts (cfu/g) of set-yoghurts during 9 days of storage
period. The viable counts of total bacteria, S. thermophilus and L. bulgaricus in all

yoghurt samples were above 8 logy, cfu/g.

The effect of addition of dibis and different ratio of LBG was not significant
(P> 0.05) on total bacterial count during storage except storage for 6 days that show
significance (P < 0.05) between C1, T4 and other treatments. The effect of storage
period on total bacterial count at the same treatment was not significant (P > 0.05)
except for G, and Ts showed that significance (P < 0.05) between fresh and other
storage period. The total viable bacterial count increased gradually till 6 days of
storage for all treatments then decreased at the end of storage period. However, the
total bacterial counts of set-yoghurt containing 0.00% LBG+10% dibis (C2) and LBG
in all concentration were higher than that of the control at the end of the storage

period.

The data show that the variations in L. bulgaricus counts were not
significancant (P > 0.05) among all treatments during storage period, the effect of
storage period on L. bulgaricus count at the same treatment show was not significant
(P > 0.05) except forT; that show significance (P < 0.05) between 6 and 9 days of
storage. Results also show that differences Streptococcus thermophills counts were
not significancant (P > 0.05) between all treatments at the same storage period. The
counts of S. thermophilus and L. bulgaricus counts were increased after 6 days, and

then decreased at the 9 day of storage in all treatments.

Mould and yeasts were not detected in any yoghurt samples during the
storage period. Also the coliform bacteria were not detected in both fresh and till the
end of the storage period in all treatments. This might be due to the severity of heat
treatments of milk and the role of lactic acid bacteria in the preservation of the

products.
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Table 7. Counts (Logiocfu/g) of total bacterial, L. bulgaricus and S. thermophills of
plain yoghurt and LBG-10% dibis yoghurt during the storage period.

Storage period (days)
Treatments
Fresh 3 6 9
Total bacterial count
C1 9.02+0.13"® 9.20£0.37"2 9.40+0.05°2 9.16+0.25"2
(o] 9.08+0.08 A° 9.43+0.04 A2 9.40+0.04°° 9.24£0.24 A ®
T1 9.22+0.154° 9.57+0.32 4° 9.62+0.05"* 9.21+0.614°
T2 9.30£0.24 A 9.69+0.21% 2 9.71£0.31 %82 9.34£0.27 A2
T3 9.21+0.03 *° 9.62+0.05 *® 9.75+0.20 *8° 9.47+0.38 A ®
T4 9.34+0.35"2 9.72+0.45 A2 9.89+0.14"2 9.48+0.42 A2
L. delbrueckii subsp. bulgaricus count
C1 8.31£0.27 A2 8.34£0.29 A2 8.52+0.07 A2 8.10£0.21 A2
(o] 8.32+0.334° 8.39+0.05"2 8.53+0.54*° 7.94+0.04
T1 8.14£0.04° 8.20+0.18 A2 8.40+0.22 A2 7.94£0.57 2
T2 8.12+0.04 A2 8.20£0.03 A2 8.34+0.354° 8.04£0.43 A2
T3 8.12+0.04 A ® 8.30£0.29 A ® 8.43+0.35 4 7.97+0.07 A®
T4 8.19+0.154° 8.37+0.34° 8.28+0.46 A2 7.89+0.49 2
S. thermophills count
C1 9.2340.17* 9.45+0.05" 9.70£0.79"2 9.31+0.31*
Q2 9.44+0.45" 9.53+0.04"® 9.58+0.08"? 9.05+0.17"°
Ty 9.43+0.04* 9.56+0.31" % 9.66+0.08"? 9.09£0.12*°
T, 9.40+0.45"® 9.43+0.05"2 9.68+0.37"° 8.98+0.16"°
Ts 9.41+0.05"° 9.56+0.04" 9.65+0.09"® 8.99+0.12"¢
Ts 9.43+0.04"® 9.55+0.23"® 9.64+0.085*° 8.97+0.17°°

(*B)Different capital superscripts in the same column indicate significant differences (P<0.05);

@ODifferent lowercase superscripts in the same row indicate significant differences (P<0.05).

C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2: 0.04%

LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.

Sensory properties

Data presented in Table 8 illustrated that the sensory properties of plain
yoghurt (C1) and varying levels of LBG-10% dibis yoghurt during storage period. The
data revealed that, the sensory properties such as flavour, body & texture,
appearance & colour and odour of plain yoghurt were affected by addition of LBG-

10% dibis yoghurt with the varying of LBG concentrations and during storage periods.
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Flavour and odour

The obtained data showed that flavour and odour of the set yoghurts were
significantly affected by the addition of dibis (P < 0.05), yoghurt containing dibis had
higher scores for flavour and odour than that of plain yoghurt (C1). The addition of
LBG had no significant affect (P > 0.05) on the yoghurt odour. El-Sayed et al., (2002)
determined that the yoghurt produced with addition of xanthan gum had no adverse
effect on flavour of yoghurt, whereas it did affect texture and body. The storage time
had a positive effect on the flavour and odour which increased throughout 6 days of
storage then decreased after 9 days storage period, but the increase and decrease of
scores were not statistically significant for the treatments (P > 0.05).
Body and texture

The data revealed that, body and texture of the set yoghurts were
significantly affected by the addition of LBG+10% dibis and throughout the storage
period (P < 0.05). The score of LBG-10% dibis yoghurt was higher in body and
texture at all treatments compared to control sample. On the other hand, sample with
high concentration of LBG (0.08% LBG+10% dibis (T4) had lower values than the
other concentration of LBG. Stabilizers have two basic functions in yoghurt i.e. the
binding of water and improvement in texture. Kumar and Mishra (2004) found that
the addition of stabilizer to yoghurts improves texture and total acceptability.
Appearance andcolour

The data revealed that the scores for appearance and colour of plain yoghurt
were higher than that of yoghurt with LBG+10% dibis at all treatments. It is probable
that the thickness of the product influenced eye appeal. In many food products,
colour and appearance or eye appeal are the first indicator of quality and may
contribute significantly to the decision of the consumer to accept or reject the
product. The decrease of appearance and colour throughout the storage period was
not statistically significant (P > 0.05)
Overall acceptability

As shown in Table (8) overall scores of the set yoghurts were significantly
affected by the addition LBG-10% dibis and throughout the storage period and (P <
0.05), the highest scores were given to the sample containing LBG at a concentration
of 0.04% LBG+10% dibis (T2), among yoghurt with other percentages of LBG while
the plain yoghurt (C1) had the lowest total score.
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Table 8. Sensory properties of set yoghurt and LBG-dibis yoghurts during the storage

period.
Treatments Storage period (days)
Fresh 3 6 9
Flavour (45)
C1 40.00+ 1.41°° 40.80+1.81° 40.40+1,95°2 39.30+1.25°2
Q2 43.00+1.03%°2 43.80+1.22%8°2 43.70+1.25%2 43.50+1.08*%°
T 43.60+1.17%8°2 43.80+1.13%°2 43.90+0.73%°2 43.00+1.76*%°
T, 44.40+0.84*° 44.60+0.70*° 44.30+0.82*° 43.90+0.73"°
Ts 43.10+1.44% % 43.50+1.27%8°2 42.90+0.87% 42.50+1.08°%°
Ts 43.20+1.14%%° 43.30+0.82°° 41.80+1.31°° 40.80+1.39°°
Body and texture (35)
C1 25.00+1.33°2 24.10£0.99° % 22.30+1.49° " 22.00+1.49°°¢
(o] 28.10+1.66°° 27.10+1.37°® 26.10+0.73¢" 25.00+1.88¢
Ty 30.00+1.49°° 28.80+1.318® 28.10+1.798 ¢ 27.00+1.638¢
T, 32.00+1.41%2 31.10+0.73*® 30.00+£2.05*° 30.00+1.49*°
Ts 30.60+2.17"8° 30.80+2.65*° 27.80+1.39°%° 25.80+1.315¢¢
T 27.80+1.39°® 26.90+1.44°® 25.80+1.39°° 26.00+1,415¢°
Appearance and colour(10)
C1 9.00£0.82"2 9.00£0.81"2 8.90+1.10"2 8.20+1.54*2
(o] 8.10+0.73"® 7.40£1.07%° 8.20+1.55"°2 8.00+1.41"2
Ty 8.00+1.56"2 8.00+1.41"82 8.10+1.45" @ 8.00£1.69"2
T, 9.00+1.05"® 8.80+0.78"® 8.10+1.59"°2 8.00£1.49"2
Ts 8.00+1.49"° 8.00+1.05"2 7.00+1.49%° 7.00+1.63"°
Ts 8.10+0.88"® 7.00+1.82°%° 7.00+1.88%° 7.00£1.417°
Odour (10)
C1 8.00+1.89"° 8.10£1.59"2 7.00+1.33%° 7.00+1.33%°
(o] 9.00+1.33"® 8.90+1.44"° 8.20+1,31"2 8.20+1.39"2
Ty 9.00+0.82"® 8.80+1.03"® 8.70+1.16"? 8.40+1.17"2
T, 9.10+0.73"® 9.00+0.82"® 8.90+1.00"° 8.80+1,22"2
Ts 9.10+1.20"° 8.80+1.03"® 8.80+1.14"° 8.30£1.15"2
Ts 8.90+0.99"° 8.70+1.16"2 8.60+1.26"° 8.00+1.15"2
Overall scores (100
C1 81.1+3.03°° 80.40+1.845® 76.50+£3.575 % 76.50+3.56" ¢
Q2 89.90+2.60°° 88.80+3.67°° 86.10+2.07°° 84.70+1.415°
T 90.60+3.13%° 89.40+2.22°5¢2 88.80+2.53% % 86.40+3.47%°
T, 94.50+2.01% 93.50+0.85" % 92.10+2.64* 90.70+1.88"°¢
Ts 90.80+3.36% 91.10+2.51°° 86.50+2.065¢° 83.60+1.77°°¢
Tq 88.00+1.828° 85.90+1.60°° 83.20£3.15°° 81.80+2.78°°

(B Different capital superscripts in the same column indicate significant differences (P<0.05);

@9 Different lowercase superscripts in the same row indicate significant differences (P<0.05).

C1: control without dibis, C2: 0.00% LBG+10% dibis, T1: 0.02% LBG+10% dibis, T2: 0.04%

LBG+10% dibis, T3: 0.06% LBG+10% dibis and T4: 0.08% LBG+10% dibis.
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CONCLUSION

The results of this study show that Carob dibis is a rich source of sugars and
contains high concentrations of minerals. This indicates that carob can be used as a
good source of nutrients for humans. From these results, it could be concluded
that the use of LBG as a thickening agent and stabilizer improved physico-
chemical, rheological properties and sensory properties of set yoghurt and thus
supporting the application of carob gum in the production of fermented dairy
products. Also yoghurt produced by addition of 0.04% LBG+10% dibis had the
highest score of sensory evaluation followed by 0.02% LBG+10% dibis in yoghurt
manufacture.
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