
 Development of Probiotic Hummus  1 

J. Saudi Soc. For Food and Nutrition, Vol. 9, No. 1;2014. 

Development of Probiotic Hummus 

Narmeen J. AL-Awwad; Mohammad I. Yamani and Hamed R.Takruri. 

Dept. of Nutrition and food Technology, Faculty of Agriculture, University of Jordan, Amman, Jordan. 

 
ABSTRACT: The present study was conducted to develop a probiotic huumus by the incorporation of selected 

probiotic bacteria directly in conventional hummus, a paste prepared from chickpea (Cicer arietinum L.). 

Probiotic hummus was developed by the addition of 10% of a culture medium based on chickpeas and skim milk 

(Hummus broth skim milk, HBSM) in which probiotic bacteria had grown to a previously heated hummus at 

75ºC/5 min, followed by anaerobic incubation at 37ºC/8 h. Counts of probiotic bacteria in probiotic hummus 

remained >10
7
 CFU/g when kept at 4 ºC for 24, 48, 72 and 96 h. Sensory evaluation results showed that probiotic 

hummus and conventional hummus (control) were acceptable. 
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INTRODUCTION 
Probiotic bacteria have been

 
the focus of much scientific and commercial interest due to a 

range of possible health effects of these bacteria (Douglas and Sanders, 2008). Traditionally, 

probiotics have been added to yogurt and other fermented dairy products such as cheese, ice 

cream and other dairy desserts (Rivera-Espinoza and Gallardo-Navarro, 2010). Limitations of 

dairy products such as lactose intolerance in many people, the presence of allergens and the 

requirement for cold storage facilities, as well as an increasing demand for new foods and 

tastes have initiated a trend in non-dairy probiotic product development. Additionally, there is 

an increasing demand for vegetarian probiotic products (Ranadheera et al., 2010). 

Further, it is important to develop probiotic products with food and beverages that are 

part of day to day normal diet (Ranadheera et al., 2010). Nowadays, there is an increasing 

trend toward using probiotics in different food systems and the global market for such 

functional foods is on the increase (Sudha et al., 2009). 

Many traditional foods in Jordan and most Arab countries are based on legumes as raw 

material. Hummus, chickpeas (Cicer arietinum L) paste, is one of the most popularly 

consumed traditional foods in our region (Yamani and Al-Dababseh, 1994; Fares and Takruri, 

2002). With the globalization of the food market, the consumption of hummus has increased 

dramatically (Kampf and Peleg, 2002).  The paste is made of ground re-hydrated cooked seeds 

of the chickpea legume, to which salt, spices and in many cases sesame seeds paste or ‘Tahini’ 

(Sesamum indium) are also added. Hummus is considered to be relatively cheap protein source 

and to have a nutritive and cultural value (Fares and Takruri, 2002). 

Since recognizing the beneficial health effects of certain strains of LAB and 

bifidobacteria in the late 80s of the last century and their subsequent use as probiotics in 

human and farm animals (Roberfroid, 2000), it has been a challenge to develop an appropriate 

food vehicle for their introduction to the recipient organisms. Selection of suitable food 

vehicle to deliver probiotic bacteria is a vital factor that should be considered in developing 
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functional probiotic foods (Ranadheera et al., 2010).This has led to development of probiotic 

products from various food metrics including meats, fruits, vegetables, legumes and cereal 

products (Ranadheera et al., 2010). Probiotic fermented barley based food (Sindhu and 

Khetarpaul, 2003), probiotic soy cheese, probiotic sausages and other probiotic food products 

have been developed (Champagne et al., 2011). 

By increasing the amount of prebiotics in the diet, it is possible to increase and 

maintain healthy bacterial gut flora in the host. Ingredients in certain food products may 

naturally contain prebiotics which help to improve the functional efficacy of probiotics 

(Ranadheera et al., 2010). 

To be successfully used as a vehicle for probiotics, a food should have certain 

characteristics to meet the requirements of consumers and producers (Taranto et al., 2000), 

among which being popular and affordable; supports the viability of probiotic bacteria until 

the end of its shelf-life (Rivera-Espinoza and Gallardo-Navarro, 2010); not affected from 

sensoric point of view by incorporation of probiotic bacteria in its composition (Tamime, 

2005); excert prebiotic effect (Ranadheera et al., 2010); having a simple production process, 

including the introduction of the probiotic bacteria. 

Physico-chemical properties of food carriers used for probiotic delivery, such as 

buffering capacity, water activity and pH, are significant factors that influence survival of the 

probiotic (Ranadheera et al., 2010). Additionally, the chemical composition of the product to 

which the probiotics are added: carbon, nitrogen, mineral and oxygen content affect the 

performance of these bacteria in many food environments (Rivera-Espinoza and Gallardo-

Navarro, 2010). 

Since there are no studies on developing a "probiotic hummus", the proposed study 

aimed at developing "probiotic hummus" by the incorporation of the selected probiotic strains 

directly after hummus preparation. 

 

METHODOLOGY 
Lactobacillus acidophilus NCFM (Danisco) and Bifidobacterium lactis Bb-12 (Chris Hansen, 

Denmark) were selected after determination of their suitability for use as probiotics by 

performing tests for acid tolerance (Pereira and Gibson, 2002)., bile tolerance(Haddadin et al., 

1997), adhesion to the intestine (Brink et al., 2006), antibacterial activity against Escherichia 

coli, Salmonella typhmarium and Staphylococcus aureus  (Mishra and Prasad, 2005), 

cholesterol assimilation (Gilliland and Walker, 1990) and by testing the viability in the feed 

(Al-Awwad et al., 2009). Both probiotic bacteria were incorporated into hummus. 

Propagation and maintenance of probiotic bacteria 

The two selected strains were maintained by subculturing in MRS broth, containing 

0.05% L-cyseine-HCL (L-cys), using 1% inoculum and 18 - 20 h of incubation at 37°C in an 

anaerobic jar (Oxoid, UK). The cultures were kept in the refrigerator at 4°C between 

http://www.google.jo/search?hl=ar&biw=1280&bih=582&sa=X&ei=0HAUTpW-N8jQhAfrxsT8AQ&ved=0CCMQvwUoAQ&q=Staphylococcus+aureus&spell=1
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subcultures. Each strain was subcultured two to three times prior to every test (Walker and 

Gilliland, 1993).  

Development of hummus broth as a culture medium for probiotic bacteria 

Hummus broth was developed as a culture medium for probiotic bacteria before their 

incorporation in hummus. The following components were utilized in the preparation of 

hummus broth: 0.05% L-cys, 0.5% glucose, 1.2% yeast extract and 3% skim milk (Al-Awwad 

et al., 2013). 

Development of probiotic hummus 
This stage included preparation of hummus, investigation of probiotic bacteria growth 

in hummus and optimization of incubation conditions. Additionally, the effect of refrigeration 

on probiotic hummus was studied. 

Hummus preparation 

Hummus was prepared under hygienic conditions according to the recipe followed by 

Yamani and Dababseh (1994). The ingredients used were, 1 kg dry chickpeas, 600g tahini, 

30g salt, 30g sodium bicarbonate and 120 ml fresh lemon juice. Chickpeas were washed after 

removal of foreign materials and visible dirt and were soaked overnight. Water and sodium 

bicarbonate were added to the chickpeas after discarding the soaking water, and they were 

boiled for about 1h. Boiled chickpeas were strained then cooled to room temperature by 

spreading on the surface of large tray and further cooling in refrigerator for 1-2 h. The cooled 

chickpeas and other ingredients were mashed in a food processor (National, Japan). Hygienic 

practices were applied when washing and preparing the utensils and equipments. 

Effect of heat treatment and incubation time on the development of probiotic hummus 

 Eight Duran bottles of 250 ml were cleaned and sterilized. A 100g of the prepared 

hummus was weighed in each bottle. Four bottles were heated at 75ºC/5 min in a water bath 

(Bernarereggio, Itlay). The other 4 bottles were left without heating (Fig. 1). 

A 10% of each strains, that was previously anaerobically propagated in HBSM 

(containing 0.05% L-cys, 1.2% yeast, 0.5% glucose and 3% SM) at 37ºC/ 24 h, was inoculated 

alone in the two types of hummus. In addition, a mix of both isolates, 5% of each, was 

inoculated in the two types of hummus. So, six probiotic hummus was obtained: L. 

acidophilus heated hummus, B. lactis heated hummus, L. acidophilus –B. lactis heated 

hummus, L. acidophilus unheated hummus, B. lactis unheated hummus and L. acidophilus –B. 

lactis unheated hummus. 

A control bottle from each type of hummus was held without inoculation. The bottles 

contents were mixed thoroughly (vortex mixer, Falc, Italy) and incubated anaerobically at 

37ºC for 0, 4, 8, 12, 24 and 48 h. Enumeration was done by pour plating in MRS agar 

supplemented with L-cys. A pH meter was used, after calibration, to measure the pH of the 

samples at each incubation time intervals. Smell and taste of each hummus preparation were 

observed. 
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Figure 1. Flow chart showing the use of heat treatment in the development of probiotic hummus 

Water bath (75 °C/ 5 min) 
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Microbiological analysis of heated and unheated hummus 

A 25 g of unheated and heated hummus were weighed and aseptically added to 225 ml 

of a diluent (0.1% peptone water (Oxoid, UK) supplemented with 0.05% L- cys). Each 

hummus sample was tested for aerobic plate count (FDA/BAM, 2001), total coliform (ISO 

4832: 2006), Escherichia coli (FDA/BAM, 2002a), total yeast and mold (FDA/BAM, 2002b), 

Lactic Acid bacteria (de Man et al., 1960), Staphylococcus aureus (ISO 6888-1:1999), 

Bacillus cereus (ISO 7932: 2004) and Salmonella (ISO 6579: 2002). 

Effect of refrigeration of probiotic hummus on the viability of probiotic bacteria 

In order to prepare the intermediate media for probiotic isolates, a 1% L. acidophilus 

HBSM and B. lactis HBSM was inoculated in HBSM broth and inoculated anaerobically at 

37ºC/24 h. Enumeration was done by pour plating in MRS agar supplemented with L-cys. 

A 10% of the probiotic isolates intermediate media (5 ml of each) was inoculatd in 100 

g heated hummus bottle; duplicate samples were prepared. The contents of the two bottles 

were mixed thoroughly (Vortex mixer, Falc, Italy). A bottle of heated hummus without 

inoculation was held as a control. The bottles were incubated anaerobically at 37ºC for 8 h. 

after that the bottles were kept in refrigerator for 24, 48, 72 and 96 h. One gram mixture 

samples were taken and serially 10 fold diluted at zero time, after the 8 h of anaerobic 

incubation at 37ºC and at each interval time of refrigeration and then plated in duplicate onto 

MRS agar. In addition, pH was measured at all previously mentioned intervals. 

Effect of aerobic and anaerobic conditions on the development of probiotic hummus 
 The steps in the previous section (effect of refrigeration) were followed except that the 

incubation at 37ºC was done aerobically and anaerobically using anaerobic jar (Oxoid, UK). 

Chemical analysis of hummus and probiotic hummus 

Proximate analyses of hummus and probiotic hummus used in the experiment were 

determined; proximate analyses included determination of moisture, crude fat, crude protein, 

ash, crude fibre and soluble carbohydrate content according to the Official Methods of the 

Association of Official Analytical Chemists (AOAC, 1995). 

Sensory evaluation of probiotic hummus 

A hedonic scale (9-points) test was used to investigate the degree of preference for 

probiotic hummus, compared to control hummus. Thirty four panelists were asked to evaluate 

the following characteristics: appearance, smell, consistency, taste and overall acceptability 

(Bose and Shams-Ud-Din, 2010). 

Statistical analysis 

The statistical analyses were performed using the Statistical Analysis System (SAS, 

2008) version 9. Analysis of variance (ANOVA) with t -test was used to determine any 

significant differences between the means (Steel and Torrie, 1980). Values in tables are 

expressed as mean ± standard error of the mean (SEM). Levels of significance were at 

(P<0.05). 
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RESULTS 
Both L. acidophilus NCFM and B. lactis Bb-12 isolates showed acid resistance, bile tolerance, 
adhesion to the digestive system, antibacterial activity and cholesterol assimilation (Al-
Awwad, 2012). Consequently, L. acidophilus NCFM and B. lactis Bb-12 were chosen to be 
applied as a probiotic isolates in probiotic hummus. 
Development of probiotic hummus 
Effect of heat treatment and incubation time on the development of probiotic hummus 

Table 1 shows the effect of heat treatment (75ºC/5 min) of hummus on the viabilities of 
B. lactis and L. acidophilus and their combination incubated anaerobically at 37ºC for several 
interval times. The counts of B. lactis in B. lactis hummus increased significantly (P<0.05) as 
the time intervals increase. Similar results were obtained for L. acidophilus in L. acidophilus 
hummus and both isolates in B. lactis + L. acidophilus hummus. 

After 8h of anaerobic incubation at 37ºC, the odor and taste of the three probiotic 
hummus became unacceptable for unheated probiotic hummus. However, there were no changes 
in smell and taste of all types of heated probiotic hummus at 8h, but at 12h the changes were 
observed. Consequently, the B. lactis + L. acidophilus hummus heated hummus and 8h of 
anaerobic incubation were selected and used for further steps in the development of probiotic 
hummus. 

Table 2 shows that the change in pH of heated and unheated probiotic hummus incubated 
anaerobically at 37ºC for several interval times. After 4 h, the pH of all probiotic hummus wasn't 
significantly different (P>0.05), as compared with the initial pH. While in the other interval 
times, the pH values were significantly decreased (P<0.05). 
Microbiological analysis of hummus and heat-treated hummus 

As shown in Table 3, the average of aerobic plate count, LAB count and yeast and 
mold count in unheated hummus were 3×10

3
, 1×10

3 
and 2×10

2
 CFU/ g, respectively. While 

these counts were <10 CFU/g in heated hummus. 
Effect of refrigeration of probiotic hummus on the viability of probiotic bacteria 

The initial counts of the inoculum of B. lactis and L. acidophilus in HBSM after 24 h 
of anaerobic incubation were 7.9 and 7.8 Log 10 CFU/mL, respectively. However, after 
incorporation of the inoculated HBSM in hummus, the initial counting of B. lactis and L. 
acidophilus was 6.83 Log 10 CFU/g and after 8h of anaerobic incubation at 37ºC which is also 
considered as the zero time for refrigerated sample the count exceeded 10

7
 CFU/g (Table 4). 

Keeping the probiotic hummus at 4ºC for 24, 48, 72 and 96 h didn't decrease the count of 
probiotic <10

7
 CFU/g, despite the presence of significant difference (P>0.05) between the 

values. The pH of probiotic hummus after 8 h of anaerobic incubation at 37ºC and kept at 4ºC 
ranged between 4.4 and 4.3 (Table 4). 
Effect of aerobic and anaerobic conditions on the development of probiotic hummus 

Figure 2 shows that the initial counts of B. lactis and L. acidophilus in aerobic and 
anaerobic probiotic hummus were not significantly different (P>0.05). After 8h of aerobic and 
anaerobic incubation at 37ºC, the counts of B. lactis and L. acidophilus in anaerobic probiotic 
hummus were significantly higher (P<0.05) than that in aerobic probiotic hummus. Similarly, 
after 24, 48, 72 and 96 h of refrigeration counts of B. lactis and L. acidophilus in anaerobic 
probiotic hummus were significantly higher (P<0.05) than that in aerobic probiotic hummus.  

The pH of aerobic and anaerobic probiotic hummus after 8 h of anaerobic incubation at 
37ºC and kept at 4ºC was 4.4 and 4.3, respectively (Table 5). 
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Table 1. Development of B. lactis, L. acidophilus and B. lactis + L. 

acidophilus counts (log CFU/g) after 4, 8, 12, 24 and 48h of 

anaerobic incubation at 37ºC in heated and unheated hummus. 

 

 Unheated probiotic hummus 

Time (h) Control B. lactis L. acidophilus B. lactis + 

L. acidophilus 

0 2.62 
b 1

 ± 0.02 6.00
 a 1

 ± 0.01 5.90 
a 1

 ± 0.01 5.86 
a
 
1
 ± 0.01 

4 2.97 
c 2

 ± 0.01 6.20 
a 2

 ± 0.01 6.10
a 2 

± 0.01 6.18
 a  2

 ± 0.01 

8 3.32 
c 3

 ± 0.01 8.31 
a 3

 ± 0.01 8.23 
a 3

 ± 0.01 8.28 
a 3

 ± 0.01 

12 4.61 
c 4

 ± 0.01 8.72 
a 4

 ± 0.01 8.91 
a 4 

± 0.01 8.72 
a 4

 ± 0.02 

24 6.57 
c 5 

± 0.01 9.10 
a 5 

 ± 0.01 9.00 
a 5

 ± 0.01 9.01 
a
 
5
 ± 0.01 

48 8.63 
c 6  

± 0.01 9.50 
a
 
6
 ± 0.01 9.52 

a
 
6
 ± 0.01 9.40 

a
 
6
 ± 0.01 

 
Heated probiotic hummus 

_______________________________________________________ 

0 0.0 
c 1

 ± 0.00 5.90 
a 1

 ± 0.01 5.71 
b 1

 ± 0.01 5.81 
a 1

 ± 0.02 

4 0.0 
d 1

 ± 0.00 6.01 
b 2 

± 0.01 5.94
 b 2

  ± 0.01 6.01 
b 2

 ± 0.01 

8 0.0 
d
 
1
 ± 0.00 7.94 

b 3
 ± 0.01 7.91 

b 3
 ± 0.02 7.92 

b 3 
± 0.01 

12 0.0 
d 1

 ± 0.00 8.28 
b 4

 ± 0.01 8.27 
b
 
4
 ± 0.01 8.24 

b 4
 ± 0.01 

24 0.0 
d 1

 ± 0.00 8.82 
b
 
5
 ± 0.01 8.81 

b 5 
± 0.01 8.80 

b 5
 ± 0.02 

48 0.0 
d 1

 ± 0.00 9.18 
b 6

 ± 0.01 9.14 
b
 
6
 ±0.01 9.19 

b 6
 ±0.02 

 

Each value is represented as mean of duplicate readings ± SEM. 

Hummus type: means with different letter superscripts within the same row 

are significantly different (p< 0.05). 

Time: means with different number superscripts within the same column are 

significantly different (p< 0.05). 

B.lactis = Bifidobacterium lactis. 
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Table 2. The pH in heated (75 ºC/5 min) and unheated probiotic hummus 

after 4, 8, 12, 24 and 48 h of anaerobic incubation at 37ºC. 

 

 Unheated probiotic hummus 

Time (h) Control B. lactis L. acidophilus B. lactis + 

L. acidophilus 

0 4.60 
a
 ± 0.00 4.50

 a
 ± 0.00 4.50 

a
 ± 0.00 4.50 

a
 ± 0.00 

4 4.60 
a
 ± 0.00 4.50 

a
 ± 0.00 4.50 

a
 ± 0.00 4.50

 a
 ± 0.00 

8 4.55 
a b

 ± 0.05 4.25
 b
 ± 0.05 4.30

 b
 ± 0.00 4.30 

b
± 0.00 

12 4.50 
b
 ± 0.00 4.10 

c
 ± 0.00 4.20 

c
 ± 0.00 4.10 

c
 ± 0.00 

24 4.30 
c
 ± 0.00 3.70 

d
 ±0.00 3.80 

d
 ± 0.00 3.70 

d
 ±0.00 

48 3.90 
d
 ± 0.00 3.50 

e
 ± 0.00 3.50 

e
 ± 0.00 3.45 

e
 ± 0.05 

 
Heated probiotic hummus 

0 4.70 
a
 ± 0.00 4.60 

a
 ± 0.00 4.60 

a 
± 0.00 4.60

 a
 ± 0.00 

4 4.70 
a
 ± 0.00 4.60 

a
 ± 0.00 4.60 

a
 ± 0.00 4.60 

a
 ± 0.00 

8 4.70 
a
 ± 0.00 4.50 

b
 ± 0.00 4.50 

b
 ± 0.00 4.40 

b 
± 0.00 

12 4.70 
a
 ± 0.00 4.30 

c
 ± 0.00 4.40 

c
 ± 0.00 4.30 

c
 ± 0.00 

24 4.70
 a
 ± 0.00 3.90 

d
 ±0.00 4.00 

d
 ± 0.00 3.90 

d
 ± 0.00 

48 4.70 
a
 ± 0.00 3.70 

e
 ± 0.00 3.60 

e
 ± 0.00 3.70 

e
 ± 0.00 

 

Each value is represented as mean of duplicate readings ± SEM. 

Means with different superscripts within the same column are significantly 

different (p<0.05). 

B.lactis = Bifidobacterium lactis. 
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Table 3. Microbial analysis (CFU/ g) of hummus and heated hummus (75ºC/ 5 min). 

 

 

Test 

Count (CFU/ g) 

Unheated hummus Heated hummus 

Aerobic plate count 3 x 10 
3
 < 10 

Total Coliform < 10 < 10 

Staphylococcus aureus  < 10 < 10 

Escherichia coli < 3 < 3 

Salmonella spp Absent Absent 

Total yeast and mold 2 x 10 
2
 < 10 

Bacillus cereus < 10 < 10 

Lactic Acid bacteria 1 x 10
3
 < 10 

 

Each value is represented as mean of duplicate readings. 

 

 

 

 

Table 4. Counting of probiotic isolates (log CFU/g) in probiotic hummus and 

pH at 0 h and 8 h of anaerobic incubation at 37ºC and then kept at 

4ºC for 0, 24, 48, 72 and 96 h. 

 

Hummus types 

 

Time (h) 

Probiotic hummus Control hummus 

Log CFU/g pH Log CFU/g pH 

0  of incubation 6.83 
f
 ± 0.02

 
4.6

 
0 ± 0.00 4.7 

8 of  37°C  

incubation 
7.90 

a
  ±0.01 4.4 0 ± 0.00 4.7 

24 of  refrigeration 7.83 
b
 ±0.02 4.3 0 ± 0.00 4.7 

48 of  refrigeration 7.74 
c 
±0.02 4.3 0 ± 0.00 4.7 

72 of  refrigeration 7.62 
d
 ±0.01 4.3 0 ± 0.00 4.7 

96 of  refrigeration 7.53 
e
 ± 0.01 4.3 0 ± 0.00 4.7 

 

Each value is represented as mean of duplicate readings ± SEM. 

Means with different superscripts within the same column are significantly 

different (p< 0.05). 
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Table 5. pH of probiotic hummus during aerobic and anaerobic incubation at 37ºC for 8 h and 

at 4°C for 24, 48, 72 and 96 h. 

Hummus 

Time (h) 

0 h of  

incubation 

8 h of 37°C 

 incubation 

24 h of   

refrigeration 

48 h of   

refrigeration 

72 h of   

refrigeration 

96 h of   

refrigeration 

Aerobic 

probiotic 

Hummus 

 
4.70 ± 0.07 

 
4.40 ± 0.00 

 
4.40 ± 0.00 

 
4.40 ± 0.00 

 
4.40 ± 0.00  

 
4.40 ± 0.00 

Aerobic 

control  

Hummus 

 
4.70 ± 0.00 

 
4.70 ± 0.00 

 
4.70 ± 0.07 

 
4.70 ± 0.00 

 
4.70 ± 0.00 

 
4.70± 0.07 

Anaerobic 

probiotic 

Hummus 

 
4.70 ± 0.00 

 
4.30 ± 0.07 

 
4.30 ± 0.00 

 
4.30 ± 0.07 

 
4.30 ± 0.07 

 
4.30 ± 0.00 

Anaerobic 

control  

Hummus 

 
4.70 ± 0.07 

 
4.70 ± 0.00 

 
4.70 ± 0.00 

 
4.70 ± 0.00 

 
4.70 ± 0.07 

 
4.70 ± 0.00 

 
Each value is represented as mean of duplicate readings ± SD. 

 

 

a

b b b b b
a

a a a a a

0.0

2.0

4.0

6.0

8.0
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0 h 8 h 24 h 48 h 72 h 96 h

L
og

 1
0 

C
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U
/m

L

Aerobic
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Figure 2. Probiotic bacteria counts (log CFU/ g) in probiotic hummus incubated 

aerobically and anaerobically at 37°C for 8h and at 4°C for 24, 48, 72 and 96 h. 
Each value is represented as mean of duplicate readings. 

Means with different superscripts within the different shaped columns are significantly different (p<0.05). 

Incubation at 4°C Incubation at 37°C 
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Chemical analysis of hummus and probiotic hummus 
Table 6 shows the proximate composition of hummus and probiotic hummus. Moisture 

content was 65.96% and 64.00% for hummus and probiotic hummus, respectively. Crude fiber 
was 6.11% and 6.65% for hummus and probiotic hummus, respectively. 
Sensory evaluation of probiotic hummus  

Figure 3 shows results of sensory testing of probiotic hummus as well as conventional 
hummus (control).  In both, the appearance, smell, consistency, taste and overall acceptability 
were highly acceptable. No significant differences (P>0.05) were found between the two 
hummus batches in the sensory aspects tested. 
 

Table 6. Proximate analysis of hummus
 
and probiotic hummus

1
 

Components Hummus Probiotic hummus 

Ash 1.28 ± 0.03 1.22 ± 0.01 

Moisture 65.96 ± 0.19 64.00 ± 0.42 

Protein 6.24 ± 0.17 6.46 ± 0.07 

Fat 10.8 ± 0.14 11.2 ± 0.28 

CHO
2
 13.61 ± 0.06 14.47 ± 0.71 

Crude fiber 2.11 ± 0.07 2.65 ± 0.04 

Dry Matter
3
 34.04 ± 0.19 36.00 ± 0.42 

1. Values are in (g)/100g and represent the mean of duplicate ± SD. 
2. CHO: 100-ash-moisture-protein-fat-crude fiber 
3. Dry Matter: 100- moisture 

 

 
a  

b

 
c

 
d  

e

b
 
a

 
c

 
d  

e

0

2

4

6

8

10

Appearance Smell Consistency Taste Overall

acceptability

Sensory characteristic

S
ca

le

Control

hummus     

Probiotic

hummus  

 
 

Figure 3. Sensory evaluation of hummus and probiotic hummus directly after preparation. 
Each value is represented as mean of thirty four readings. 
Means with different superscripts within the different shaped columns are 
significantly different (p < 0.05). 
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DISCUSSION 
To the best of our knowledge, this is the first study in Jordan on the production of a probiotic 

product based on a traditional food (hummus). Additionally, Hummus broth was also 

developed to be used as culture media and vehicle for adding the probiotic bacteria. 

Development of hummus broth as a culture medium for probiotic bacteria 

Hummus broth (HB) was developed as a culture medium for probiotic bacteria in order 

to simplify the process of preparation and to avoid as much as possible the use of artificial 

media. Chickpeas contain the nutrients needed for the growth of microorganism, particularly 

LAB and have a bifidogenic effect (Queiroz-Monici et al., 2005). In order to enhance the 

growth of probiotic bacteria in HB, glucose, yeast extract, L-cysteine and skim milk were 

added.  

Development of probiotic hummus 

Effect of heat treatment and incubation time on the development of probiotic hummus 

A preliminary study was conducted to develop probiotic hummus, in which HBSM 

containing probiotic isolates was added to conventional hummus. Counts of both isolates in 

probiotic hummus were found less than 10
7
 CFU/g. In order to solve the issue of these 

relatively low counts, probiotic bacteria were allowed to grow in hummus by incubating 

anaerobically at 37ºC for several hours to select the proper time of incubation that give better 

counts (>10
7
 CFU/g) with minimum change in the sensoric properties of probiotic hummus. 

Two types of probiotic hummus (heated and unheated) were prepared. 

After 8h of anaerobic incubation at 37ºC, the counts of both isolates in B. lactis, L. 

acidophilus and B. lactis + L. acidophilus heated hummus are >10
7
 CFU/g,  without change in 

odor and taste of this probiotic hummus and with acceptable pH values. While, in B. lactis, L. 

acidophilus and B. lactis + L. acidophilus unheated hummus the odor and taste of the three 

probiotic hummus became unacceptable. This difference in changes between heated and 

unheated hummus can be attributed to the initial count of the microflora of unheated hummus. 

It seems that the co-cultivation of L. acidophilus and B. lactis in hummus did not 

produce, in general, any antagonist effect that could influence their counts. For this reason, the 

B. lactis + L. acidophilus heated hummus was chosen to be used in this research. 

Microbiological analysis of hummus and heat treated hummus 

Heat treatment at 75ºC/5 min seems to be sufficient to get rid of all vegetative cells. 

The predominant microorganisms in conventional hummus are LAB and yeast (Table 3); these 

results are in agreement with (Yamani and Dababseh, 1994) and may be attributed to the pH 

and the availability of the oligosaccharides in hummus. 

Effect of refrigeration of probiotic hummus on the viability of probiotic bacteria 

Keeping the probiotic hummus at 4ºC for 24, 48, 72 and 96 h didn't decrease the count 

of probiotics <10
7
 CFU/g. Loss of viability of probiotics during the refrigerated storage is a 

major issue in the production of probiotic food and has been the subject of various studies 

(Mortazavian et al., 2007; Magarinos et al., 2008; Moayednia et al., 2009).  
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Effect of aerobic and anaerobic conditions on the development of probiotic hummus 

Our results showed that after 8h of aerobic and anaerobic incubation of probiotic 

huummus at 37ºC, the counts of B. lactis and L. acidophilus in anaerobic probiotic hummus 

were higher than that in aerobic probiotic hummus. These results may be due to the fact that B. 

lactis is anaerobic microorganism and that the presence of oxygen affects the viability of this 

microorganism (Dave and Shah, 1997). 

Sensory evaluation of probiotic hummus  

 The hedonic scores for appearance, smell and consistency of probiotic hummus are 

slightly higher than that for hummus, although no significant difference (P>0.05) was 

observed. The hedonic score for overall acceptability, which represents the degree to which 

the panelist is liking the food, was higher for probiotic hummus. 

Probiotic hummus as a functional food product 

As a traditional food, hummus is popular in the Arab countries and is gaining 

popularity in many countries (Fares and Takruri, 2002). It is a food that is rich in nutrients 

which are needed to support the growth of many microorganisms, especially LAB (Yamani 

and Dababseh, 1994). This could be supported by the successful development of HBSM in this 

study. This broth medium is simple; its production does not include complicated steps and 

having L-cys as a reducing agent. Moreover, hummus seems to be an optimum food vehicle 

for probiotic bacteria; it is popular, affordable, and simple to produce. In this study, the 

proximate analysis of hummus reveals that it’s a good source of protein, carbohydrates and 

fiber (Table 6). Besides promoting several beneficial physiological effects, this fiber can 

selectively stimulate the growth of Lactobacilli and Bifidobacteria present in the colon, 

thereby acting as prebiotics. 

It has been reported that the optimum probiotic growth temperature is between 35 and 

40ºC and the best pH is between 6.4 and 4.5, ceasing when a pH of 4.0–3.6 is reached (Rivera-

Espinoza and Gallardo-Navarro, 2010). In this study, the pH of hummus was 4.5-4.8 which is 

suitable for probiotic bacterial growth. 

Fermentation has been postulated to improve the protein quality and the availability of 

group B vitamins may be improved. Fermentation also provides optimum pH conditions for 

enzymatic degradation of phytate and release minerals such as manganese (which is an 

important growth factor of LAB), iron, zinc and calcium. Strains of Lactobacillus have been 

recognized as complex microorganisms that require fermentable carbohydrates, amino acids, 

B vitamins, nucleic acids and minerals to grow (Rivera-Espinoza and Gallardo-Navarro, 

2010), and therefore fermentation of hummus may represent a cheap way to obtain a rich 

substrate that sustains the growth of  probiotic bacteria.  

A product containing probiotic organisms should contain a number of viable cells 

which have been shown to be efficacious (which is generally 10
6
-10

8
 CFU/g, or 10

8
-10

10
 

CFU/day) (Champagne et al., 2011). Results of this study indicated that L. acidophilus and B. 

lactis could use chickpea oligosaccharides as carbon sources. Both probiotic bacteria remained 
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viable in concentration needed to exert the beneficial effect (>10
7
 CFU/g) and with acceptable 

sensory testing. So, these probiotic bacteria were revealed as a promising probiotic cultures in 

producing a probiotic hummus of good taste. 

 

CONCLUSIONS 
It could be concluded from the results of this study that: 

1. A newly culture medium for probiotic bacteria was developed which is hummus broth, 

containing 0.05% L-cys, 0.5% glucose 1.2% yeast extract and 3 % skim milk. 

2. Hummus has a prebiotic effect. After 8 h of anaerobic incubation, the counts of B. lactis 

and L. acidophilus in heat- treated (75ºC/ 5 min) hummus was more than 10
7
 CFU/g with 

acceptable sensory testing, and this probiotic hummus had probiotic counts above 10
6
 

CFU/g until 4 days under refrigeration. 
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 الحيوية المعاوناتب غني صحي حمص تطوير
 تكروري رباح حامد، يماني عصام محمد ،وادالع جمال نرمين

  األردن ،ية، عمانالجامعة األردن ، كلية الزراعة،قسم التغذية و التصنيع الغذائي 
 
 الحيوينة المعاوننات بكتيرينا منن مختارة سالالت إضافة بعد وذلك صحي حمص تطوير بهدف الدراسة هذه أجريت: صملخال

 الحيوية المعاونات من ٪01 إضافة بعد وذلك الحيوية المعاونات ببكتيريا الغني صالحم تطوير تم وقد. الحمص إلى مباشرة
 لمدة م57º حرارة درجة على حراريا   معاملته تمت حمص الى (HBSM) تطويره تم الذي الزرعي الوسط في مسبقا والمزروعة

 الحمنص فني الحيوينة المعاوننات دتعندا ظن . سناعات 8 لمندة م75º  حنرارة درجنة علنى الهوائيا   الحمص حضن وتم دقائق 7
 69 و 54 و 48 و 44 لمندة م4º حنرارة درجنة علنى حفظنه تنم عنندما غنم/للمستعمرات مكونة وحدة  501 من أكثر الصحي

 .العادي الحمص ونظيره الصحي لحمصبين ا  ولم يكن ثمة فرق في التقييم الحسي. ساعة

 


