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ABSTRACT  
 

This study aimed to produce  lactic acid from supplemented whey permeate with yeast extract 
and casein hydrolysate (0.5%, 1% and 2% wv-1) in addition to corn and soy bean extracts (10% wv-1) 
were used separately as nutrient sources using Lactobacillus plantarum EMCC1039 in both free and 
immobilized cell states. The four media were studied for lactic acid production, lactose utilization and 
cell mass growth of the utilized strain. Fermentation experiments were carried out in static flasks in 
presence and absence of mineral salts; MgSO4.7H2O and 5 gl-1 of MnSO4.H2O at the ratio of 0.2% 
and 0.05% wv- 1 respectively. Data showed that free cell biomass and immobilized L. plantarum 
were 1.6x1010 CFUml-1 and 2.9x1011 CFU g-1 beads, respectively at 2% yeast extract.  Yeast extract 
showed high lactic acid production (15 gl-1) and high lactose consumption (84%) by the immobilized 
Lactobacillus plantarum .Our results revealed that the more suitable enriched and cheap fermentation 
medium for lactic acid production from whey permeate is soybean extract 10% and yeast extract 
0.25% and the suitable for such process is to utilize the strain in the immobilized state.  

 
Key words: Lactobacillus plantarum, Immobilization, Lactic acid production, Nutrient sources, whey  

permeate. 

 
Introduction 
 

Milk-whey proteins have come into wider use as food ingredients only in the last 40 years, 
taking their proper place at an emerging frontier, where nutrition and health interface. Largely 
regarded in the past as a waste byproduct, advanced processing technology has propelled whey 
proteins to the top of the list of important nutrients, and still newer technologies will help keep it there 
permanently (Prasad et al., 2014). Furthermore, whey is evolving into a sought-after product because 
of the lactose, minerals, and proteins it contains as well as the functional properties it imparts to food 
(Onwulata et al., 2004).  

Whey is a multi-component solution of various water soluble milk constituents. Due to its 
composition it can be considered a good source of energy what makes it a serious source of 
environmental pollution, since it has a high Chemical Oxygen Demand causing its disposal a great 
problem. Unfortunately, most milk plants do not have a fully-developed strategy to recycle whey, and 
around half the global production of whey is treated as a waste product particularly for medium size 
cheese factories, that have growing disposal problems and cannot afford high investment costs for 
whey valorization technologies, physico-chemical and/or biological treatment of this effluent is 
imperative (Saffari and Langrish, 2014). Many researchers utilized whey and whey permeate as a 
substrate for production of many valuable chemicals; such as lactic acid, bioethanol and others, but 
these studies met a lot of challenges among them are low productivity, end product inhibition that 
resulted in incomplete consumption of lactose which could be solved through the optimization of 
media composition and the environmental conditions. The whey came to be accessible for effective 
microbial fermentation yielding various valuable products, but the operational cost retarded the 
progress in this way at least in developing countries resulting in the continuous bad use of whey, 
therefore, there is a need to develop an industrially attractive fermentation process considering all 
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economic levels of nutrient supplementation (Carvalho et al., 2013).    Substrate for the lactic acid 
fermentation process can be chosen from a variety of carbon sources, such as  glucose, xylose, sucrose 
and lactose. The choice of substrate depends upon its availability, cost and pretreatment required for 
fermentation. The lactic acid bacteria requires substrates with high nitrogen content and it has a 
particular demand for vitamins B. The nitrogen sources required for the fermentation medium are 
supplied in the form of yeast extract, cotton oil, soy flour, tryptone and peptone. Lactose hydrolysate 
from cheese whey was used as substrate for growth of LAB. This substrate supplied sufficient 
nutrients for some organisms. There are several species of bacteria that are capable to produce lactic 
acid from lactose such as L. bulgaricus, L. plantarum and L. casei (Taleghani1 et al., 2016) . In 
industrial fermentation the use of various Lactobacillus spp. is preferred because of their higher 
conversion, yield and rate of metabolism. Their innate acid tolerances, ability to survive gastric 
passage, and safety record during human consumption are key features for their lactic acid production 
in the food industry (Mercier et al., 1992 and Klaenhammer et al., 2002). Lactobacillus plantarum 
was reported to produce Lactic acid with high yield from grain starch hydrolysate (Al-Asady, 2012). 

The aim of this study is to produce lactic acid from whey permeate supplemented with 
essential nutritional constituents included , yeast extract, casein hydrolysate, corn extract and soybean 
extract, using Lactobacillus plantarum  in two states; free cell and immobilized cell . 
 
Materials and Methods  
 
Microorganisms 
 

Lactobacillus plantarum EMCC1039 was provided by Cairo MIRCEN, Faculty of Agriculture, 
Ain Shams University, Egypt. 

Lactobacillus plantarum was grown and maintained on De Man, Rogosa and Sharpe (MRS) broth 
medium (De Man et al., 1960), which is recommended for the detection and enumeration of 
lactobacillus species. According to the manufacturer (SRL, Mumbai, India), 55.2g were suspended in 
1000 ml cold distilled water, heated to dissolve with agitation and sterilized by autoclaving at 121oC 
for 15 minutes. 

 
Inoculum preparations  
 

Pure culture of both species were inoculated into MRS broth and incubated at 37oC for 24. 
Reculturing every 48 h, up to three generations, was done to remove the remains of fermented milk 
and obtain highly active cells to be immobilized and inoculated to fermentation medium (Panesar et 
al., 2010). An inoculum of 108 cell per ml were obtained by inoculation of the culture anaerobically in 
MRS broth (Panesar et al., 2007) and incubation at 37°C for 20 h without shaking (Benthin and 
Villadsen, 1995). 

 
Permeate collection and preparation 
  

Whey permeate (WP), a cheese making-waste containing approximately 5% (wv-1) lactose, was 
obtained after whey ultrafiltration  in ice form, from Animal Production Research Institute, 
Agricultural Research Centre, Giza, Egypt. Preparation of permeate for fermentation was performed 
as described in Mawgoud et al., (2016). Prior to fermentation, clarified WPM was supplemented with 
mineral salts (0.2 gl-1 MgSO4 and 0.05 gl-1 MnSO4)  and then sterilized at 121°C for 20 min (Panesar 
et al., 2010). 

  
Preparation of Yeast extract and Casein hydrolysate 
 

Yeast extract (Sigma-Aldrich Co, USA) and Casein hydrolysate (Fluka Bio-Chemika, USA). 
Three different concentrations (0.5%, 1% and 2% wv-1) were used as WPM dissolved-extracts 
separately. 
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Preparation of Soybean and Corn extracts 
 

Defatted soy bean powder with 48% protein and Corn, were obtained as described in Mawgoud et 
al., (2016). Ground soy bean and Corn were extracted in WPM by the modified Deak and Johnson 
method (Deak and Johnson, 2007).  
 
Preparation of mineral salts  
 

A stock solution (100X) of Magnesium sulfate heptahydrate and Manganese sulfate 
monohydrate (Sigma- Aldrich Co. LLC. USA) was prepared by dissolving 20 gl-1 of MgSO4.7H2O 
and 5 gl-1 of MnSO4.H2O in distilled water. Fermentation flasks (0.1 liter-volume) each containing 50 
ml medium, were supplemented with mineral solution (MS) by transferring 0.5 ml to each flask 
reaching the final concentration of 0.2 gl-1 and 0.05 gl-1 for Magnesium sulfate heptahydrate and 
Manganese sulfate monohydrate respectively (Saha , 2006).  
 
Preparation of immobilized microbial cells 
 

Calcium alginate was used to immobilize Lactobacillus plantarum through entrapment process 
(Garbayo et al., 2004). 

 
Experimental designs for fermentation 
  

All lactic acid fermentations were performed as batch cultures in 100 ml static conical flasks 
without shaking (Plessas et al., 2008). Each flask contained 50 ml fermentation medium while the 
control flask contained only WPM for growth control quantity. 

 
Different media for lactic acid production 
 

All experiments were conducted in static conical flasks for 72 h without pH adjustment and were 
inoculated with bacterial strains at 2% wv-1 (Probst et al., 2015) 

 
Yeast extract and casein hydrolysate with mineral salts 
 

According to Fitzpatrick method (Fitzpatrick et al., 2001), yeast extract and casein hydrolysate 
were, separately, dissolved in whey permeate medium (WPM) in three concentrations (0.5, 1 and 2% 
wv-1). 

 
Corn extract and soybean extract with mineral salts 
 

Working concentrations of corn and soybean extracts (10% wv-1) were prepared, separately, from 
the stock extracts solutions (20%) using sterilized WPM. A WPM flask without corn or soybean 
extracts was taken as a control. 

 
                      Corn or soybean and yeast extract mixtures as nutrient sources 
 

        To establish the utilization of corn and soybean as a main nitrogen source in addition to least 
amount of yeast extract, corn and soybean extracts (10%) were separately used with yeast extract 
(0.25%) as a mixture, to investigate the potential of corn and soybean extracts to reduce the 
requirement for addition of yeast extract. 
 
Analytical procedures 
 

Bacterial cell count, CFUml-1, either in free or immobilized form, were investigated together with 
concentration of the produced lactic acid, gl-1, and concentration of the residual lactose, gl-1, as 
indicators for the studied variables of the fermentation processes. 
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Enumeration of bacterial cells 
 

For immobilized cells enumeration, Beads (0.1 g) were liquefied in 100 ml of 1% sterilized 
sodium citrate solution (pH 6) and serially diluted with 0.1% peptone (Zhou et al., 1998). Serial 
dilutions of free and immobilized cells were made by transferring 1 ml of cell suspension to 9 ml 
saline, then 1 ml from each dilution was cultured on MRS agar plates and incubated at 37°C for 48 h 
under anaerobic condition (Chávarri et al., 2010).  

 
Estimation of lactose residual  
 

Estimation of lactose was performed by the modified colorimetric method of Dubois et al., (1956). 
A 2 ml aliquot of fermentation media solution (serially diluted to 10-3) was mixed with 1 ml of 5% 
aqueous solution of phenol in a test tube. Subsequently, 5 ml of concentrated sulfuric acid was added 
rapidly to the mixture. After allowing the test tubes to stand for 10 min, they were vortexed for 30 s 
and placed for 20 min in a water bath at room temperature for color development. Light absorption at 
490 nm was recorded by UV-VIS double beam spectrophotometer at 490nm. Blank tube was prepared 
but lactose replaced with distilled water for zero adjustment. For standard curve, serial dilutions of 
different concentrations of lactose were prepared in distilled water and treated in the same manner 
then readings on spectrophotometer were recorded to plot the standard curve. 

 
Colorimetric estimation of the produced lactic acid  
 

The produced lactic acid after fermentation was quantitatively assayed by Taylor method, (Taylor, 
1996). 

 
Statistical analysis 
 

The experiments were accomplished following a complete randomized design where the obtained 
data were subjected to analysis of variance (ANOVA) according to Snedcor and Cochran modified 
method using Mastate program (Snedcor and Cochran, 1980). The least significant differences were 
used to compare means of treatments at probability 5% following Walter and Duncan procedure 
(Walter and Duncan, 1969).  
 
Results and Discussion 

 
Effect of Yeast Extract Concentration 

For investigating fermentation media composition, yeast extract effect was studied for its 
suitable concentration.  At 2% yeast extract, lactic acid production was the highest as 15 g l-1 for 
immobilized cells of L. plantarum with maximum productivity of 0.208 g l-1 h-1. The fermentations 
results without nutrient addition (control experiments) showed maximally 7 g l-1 lactic acid with 
0.0972 g l-1 h-1. Also lactose utilization was enhanced linearly with yeast extract increasing to reach 
84% with lactic acid yield 0.357 g g-1 for immobilized cells (Tables 1& 2). Therefore, 2% yeast 
extract was considered as a proper concentration to be used in the following experiments. 

This ratio of yeast extract in the present study produced lactic acid higher than that reported by 
Bouguettoucha et al., (2011) who used 2% yeast extract with whey and obtained 8 g l-1 lactic acid at 
similar conditions of non-pH controlled batch process. However, this effective concentration of yeast 
extract (2%)  is more than that reported by Dumbrepatil et al., (2008) who obtained the maximum 
lactic acid from molasses using only 0.25% yeast extract, assigned that to the considerable amino acid 
and vitamin content of molasses itself. Also, Wee et al., (2005) reported that when yeast extract was 
added by 1.5%, maximum lactic acid (153.9 g l-1) was obtained after 66 h and the maximum 
volumetric productivity was increased with the increase in yeast extract to give 6.21 l-1 h-1 at yeast 
extract 2%. These enhanced results obtained by Wee et al., (2005) may be ascribed to the higher 
concentration (200 gl-1) of the simplest assimilable sugar (glucose).  
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Table 1: Effect of yeast extract concentration on free cells. 
  YE 

Conc. % 
(w/v) 

With MS Without MS 

24 h 48 h 72 h 24 h 48 h 72 h 

  
Lactic acid 

Concentration 
(g/l) 

0 3.8 D±0.15 6.65 D±0.15 7 D±0.15 3.8 C±0.1 6.658 C±0.99 7 B±0.6 
0.50% 7.6 C±0.33 8.5  C±0.15 10.7C±0.29 7.65 B±0.28 8.938 B±1.5 10.2 A±1 

1% 8.9 B±0.33 9.35 B±0.15 11.9B±0.35 8.1 B±0.54 9.38 B±1.1 11.06 A±0.5 
2% 10.3A±0.4 11.05 A±0.15 12.7A±0.1 10.2A±0.32 11.058 A±1.2 12.33 A±1 

  
Lactose 

Concentration 
(g/l) 

0 46.8 A±2.85 38.9 A±2.85 21.8A±1.85 49.8A±1.33 38.9 A±2 21.8 A±2 
0.50% 39 C±2.15 30 B±2.85 12 B±1.5 39 B±1.6 30 B±2 12 A±1 

1% 39 C±1.75 30 B±2.05 11.8B±1.5 39B±2 30 B±1.7 11.8 A±1 
2% 34 B±2.1 24 C±2.85 10.2C±0.65 34 C±2.66 24 C±1 10.2 C±1 

  
Log (CFU/ml) 

   
  

0 9.255 C±1.39 8.6 C±2.07 8.3 D±2.05 9.25 D±2.1 8.6 D±2.09 9.3 C±2.12 
0.50% 8.6 D±1.63 8 D±3.15 9.23 C±2.15 9.77 C±3.09 9.6 B±2.11 8.3 C±2.11 

1% 9.6 B±2.1 8.95 B±2.16 9.477 B±3.08 9.9 B±2.11 9.08 C±2.05 9.95 B±3.14 
2% 10 A±2.3 9.2 A±2.11 10.2 A±3.14 10.11 A±3.11 9.95 A±3.13 10.15 A±3.72 

Data expressed as means of 3 replicates± standard error. Means in the same column showing the same letters are not significantly different 
(P≤0.05).                   MS: mineral salts 

     

Table 2: Effect of yeast extract concentration on immobilized cells.  
  YE 

Conc. 
% (w/v) 

With MS With MS 

24 h 48 h 72 h 24 h 48 h 72 h 

  
Lactic acid 

Concentration 
(g/l) 

0 3.91 D±0.15 5.52D±0.15 6.68 D±0.15 3.91 D±0.15 5.52C±0.99 6.68 D±0.6 
0.50% 6C±0.33 8.5 C±0.15 10.8C±0.29 6C±0.33 7.08B±1.5 9.53 C±1 

1% 7.3 B±0.33 9.5B±0.15 13B±0.35 7.3 B±0.33 8B±1.1 11.99 B±0.5 
2% 9.5A±0.4 11.01A±0.15 15A±0.1 9.5A±0.4 10.8A±1.2 14 A±1 

  
Lactose 

Concentration 
(g/l) 

0 47 A±2.85 40 A±2.85 25 A±2.5 47 A±2.85 40 A±2 25 A±2 
0.50% 40.1 B±2.15 29 B±2.85 9.8 B±2 40.1 B±2.15 40 A±2 12.3 B±1 

1% 42 B±1.75 26 C±2.05 8.8 B±2 42 B±1.75 39.6 A±1.7 11.9 B±1 
2% 37 B±2.1 27 C±2.85 8 B±1.85 37 B±2.1 30 B±1 10 C±0.88 

  
Log (CFU/g) 

  
  

0 9.77  C±3.09 8.3 D±3.07 9.61 D±3.05 9.77  C±3.09 8.3  D±2.09 9.61  C±2.72 
0.50% 9  D±3.43 9.62 C±3.05 10.92 C±3.15 9  D±3.43 9.3  B±3.11 8.78  C±3.31 

1% 10.48  A±3.18 10.85 B±4.06 11.7 A±3.88 10.48  A±3.18 10.9  C±3.85 10.04  B±3.4 
2% 10.3  B±3.29 11.25 A±4.61 11.46 B±4.14 10.3  B±3.29 11.4  A±3.93 11.56  A±4.12 

YE: Yeast extract     

 
Also the maximum cell growth (2.9x1011 CFU g-1 for the immobilized cells) was obtained at 2%  

yeast extract. This result comes in agreement with Bury et al., (2001) who found that cell count of L. 
bulgaricus increased from 5x108 to 1x109 with increasing yeast extract supplementation from 0.2 to 
1%. Yeast extract is a combination of amino acids, vitamins and other growth stimulating compounds 
and has more advantages than the usage of individual amino acid (Hakobyan et al., 2012), especially 
L. plantarum that exceeded L. bulgaricus minimally at 0% yeast extract by about three times and 
maximally at 2% yeast extract by about four times (Mawgoud et al., 2016 and Taleghani1, et 
al.,2016) . In addition, Moretro et al., (1998) found that L. delbrueckii subsp. bulgaricus show wider 
requirements than L. plantarum. The different behaviors of the two strains may reflect the different 
proteolytic potentials, by which yeast extract peptides are being metabolized to free amino acids and 
other subsequent utilization compounds (Zhang et al., 2013). According to bacterial strain 
requirements, peptides can be either essential growth factors or stimulatory factors and for some 
strains they are considered unnecessary (Hayek and Ibrahim, 2013) and after growth had been ceased, 
the non-growth associated lactic acid was produced at lower rate. The observed reduction of growth 
after the first 24 hours in both strains while increasing after 48 h supposed the existence of the two 
mechanisms; associated and non-growth associated lactic acid production. Taleghani et al.,2016 
confirmed the  previous researches .They showed that lactic acid production increased with increasing 
the concentration of supplements, specially yeast extract .The highest production rate was found with 
addition of 1% of yeast extract. However, the addition of yeast extract during large scale fermentation 
is unlikely due to the extra cost imposed to the fermentation process. The use of yeast extract  not 
only increased the bacterial growth but also reduced the time required for the completion of 
fermentation. This could be due to the nutritional value of yeast extract which contains substances 
such as amino acid, peptides, vitamins, and several organic acids including pyruvic and glyseric acid 
which are needed for the L. bulgaricus growth. 
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Effect of casein hydrolysate concentration 

The second experiment was performed to study the effect of casein hydrolysate on lactic acid 
production (Tables 3&4). The highest lactic acid production by immobilized cells of L. plantarum was 
14.45 g l-1, while maximum productivity was 0.20 g l-1 h-1, indicating that the effective concentration 
of casein hydrolysate is 2%. The fermentations results without nutrient addition (control experiments) 
showed 7 g l-1 lactic acid with 0.0972 g l-1 h-1. These results are in agreement with Zhao et al., (2006) , 
in his study with acidification of media due to addition of casein hydrolysate at 2%. Although lactose 
utilization reached 78% with lactic acid yield 0.37 g g-1, for immobilized cells, there was no 
significant difference in lactic acid production and productivity in either free or immobilized cell 
states for L. plantarum. The residue amounts of non-utilized lactose might be due to slow 
consumption, and partially confirm what suggested by Prasad et al., (2014) that L. bulgaricus may not 
be the suitable for lactic acid production from supplemented whey permeate. However, they found 
that L. bulgaricus  consumed all nutrients leaving high amount of lactose with low lactic yield. Cell 
growth showed a positive response toward increasing in casein hydrolysate supplementation. 
However, at the first 48 h, the cell growth increased with time passing, but started to decrease 
afterward allowing non-growth associated mechanism of lactic acid production. This uncoupled lactic 
acid production by different strains was reported by Sharma and Mishra, (2014) who explained that as 
homo-fermentative lactic acid bacteria meet their energy requirements for growth and maintenance by 
producing lactic acid gaining the energy required for survival or for preservation of cell viability, 
which is not directly coupled with the synthesis of new cells. The enhancing effect of both casein 
hydrolysate and yeast extract in this study came in agreement with that reported by Ghaly et al., 
(2003) who found that increasing nutrient supplementation up to 1% increased lactose utilization rate    
extract.  
 
Table 3: Effect of casein hydrolysate concentration on free cells. 

  
CH Conc. 
% (w/v) 

With MS Without  MS 

24 h 48 h 72 h 24 h 48 h 72 h 

Lactic acid 
Concentration 

(g/l) 
  

0 4.76 C±0.1 5.25D±0.15 6.73 D±0.15 4.76  C±0.1 5.25 C±0.3 6.73  D±0.6 
0.50% 8.1B±0.3 9.35 C±0.15 10.88 C±0.2 7.65  B±0.28 8.93 B±0.5 9.78  C±1 

1% 8.4 B±0.23 11.48B±0.18 12.33 B±0.3 8.1  B±0.54 10.63 B±0.7 11.48  A±0.5 
2% 8.93A±0.3 12.75A±0.11 14 A±0.3 8.93 A±0.32 12.33 A±0.3 12.75  A±1 

Lactose 
Concentration 

(g/l) 
  

0 47 A±2 43.8  A±2.25 36.9 A±2 49 A±1.33 43.8  A±2 36.9  A±2 
0.50% 41 B±1.15 32.6  B±2.1 30 B±2 43.6  B±1.6 37  B±2 34  B±1 

1% 37.7 C±1.7 26  C±2.05 21.2 C±2 38.1 C±2 30.2  C±1.7 26  C±1 
2% 31.1 D±1.1 19  D±2.85 11 D±1.8 37  C±2.66 29.8  C±1 19  D±0.88 

Log (CFU/ml) 

0 8  C±2.09 9.24  B±2.1 8.6  B±2.05 8  D±2.1 9.2   A±3.49 8.6   C±2.2 
0.50% 8.7  D±2.03 8.77  D±3.041 8.3  C±2.25 8.6  C±2.09 8.85   B±3.11 8.8  C±3.31 

1% 7.9  A±2.18 9.25  B±3.09 9  A±3.08 9.3  A±2.11 8.9   B±3.05 8.9   B±3.4 
2% 9  B±3.09 9.47  A±3.14 9  A±0.4 9.1 B±3.11 9.08  A±3.43 8.64  C±3.12 

CH: Casein hydrolysates     
 
Table 4: Effect of casein hydrolysate concentration on immobilized cells. 

   
CH 

Conc. % 
(w/v) 

With MS Without  MS 

24 h 48 h 72 h 24 h 48 h 72 h 

Lactic acid 
Concentration 

(g/l) 
  

0 4.76 C±0.1 5.25D±0.15 6.73 D±0.15 4.76  C±0.1 5.25 C±0.3 6.73  D±0.6 
0.50% 8.1B±0.3 9.35 C±0.15 10.88 C±0.2 7.65  B±0.28 8.93 B±0.5 9.78  C±1 

1% 8.4 B±0.23 11.48B±0.18 12.33 B±0.3 8.1  B±0.54 10.63 B±0.7 11.48  A±0.5 
2% 8.93A±0.3 12.75A±0.11 14 A±0.3 8.93 A±0.32 12.33 A±0.3 12.75  A±1 

Lactose 
Concentration 

(g/l) 
  

0 47 A±2 43.8  A±2.25 36.9 A±2 49 A±1.33 43.8  A±2 36.9  A±2 
0.50% 41 B±1.15 32.6  B±2.1 30 B±2 43.6  B±1.6 37  B±2 34  B±1 

1% 37.7 C±1.7 26  C±2.05 21.2 C±2 38.1 C±2 30.2  C±1.7 26  C±1 
2% 31.1 D±1.1 19  D±2.85 11 D±1.8 37  C±2.66 29.8  C±1 19  D±0.88 

Log (CFU/g) 

0 8  C±2.09 9.3  B±3.1 4x108  B±0.05 8  D±2.1 9.21   A±3.49 8.64   C±2.2 
0.50% 8.7  D±3.03 8.75  D±2.04 2x108  C±0.25 8.59  C±3.09 8.87   B±3.11 8.78  C±2.31 

1% 7.48  A±2.18 9.29  B±3.09 9  A±0.08 9.33  A±3.11 8.89   B±3.05 8.9   B±2.4 
2% 9  B±2.09 9.49  A±3.84 9  A±0.4 9.15 B±3.11 9.1  A±3.43 8.7  C±2.12 

CH: Casein hydrolysates     

The role of casein hydrolysate in improving lactic acid production by L. bulgaricus than that of 
L. plantarum may be due to the higher tryptophan content of casein hydrolysate than yeast extract 
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which gives the former a higher potential (Mawgoud et al., 2016), in addition, NAD –dependent D-
lactate dehydrogenase structure of L. bulgaricus contains tryptophan (Kochhar et al., 1992). 
Furthermore, the different vitamin requirement by each strain makes them with different selectivity 
(Hammes and Hertel, 2009). The observed potential of L. plantarum in producing lactic acid in non-
supplemented WPM may be because of using the residual traces of whey protein as a source of 
nitrogen by the effective proteolytic activity of this strain (Basso et al., 2003) or the presence of 
mineral ions in permeate itself (Buyukkileci and Harsa, 2004). 

Generally, the significance of the two nutrients in improving lactic acid production is providing 
the fermentation media with growth factors, short peptides and carbonaceous compounds (Ghaly et 
al., 2003). However, in the present study after investigating both yeast extract and casein hydrolysate 
substrates, the maximum values of the produced lactic acid were 15 g l-1, and 16% of lactose was still 
unutilized.  

 
Effects of soybean and corn extracts 

Soybean and corn extracts represented attractive nutrients for lactic acid bacteria, especially 
Lactobacillus spp. due to their high content of protein (Chen et al., 2013 and Meeske et al., 2002). 
These two nutrients were studied for their ability to encourage the production of lactic acid and 
effective consumption of lactose.  

Corn extract was studied for enhancing lactic acid production (Tables 5 and 6). At 10% corn 
extract, the maximum lactic acid production was 9.74 g l-1 for immobilized L. plantarum. The 
maximum productivity was 0.135 g l-1 h-1 also for immobilized cells. These fermentations results 
emphasized that by addition of corn extract, lactic acid production reached two folds of the produced 
amount of the control. In addition, lactose utilization was enhanced with corn extract to 61.2% with 
lactic acid yield 0.318 g g-1 for the immobilized cells.  

Several studies utilized some corn products such as corn steep liquor as a source of growth 
factors. Coelho et al., (2011) reported that corn steep liquor as a critical factor or dominant nutrient 
control lactic acid fermentation process due to richness of carbon and nitrogen. Also, Li et al., (2006) 
found  that the final lactic acid concentration in corn steep liquor supplemented media and in yeast 
extract supplemented one were the same, but yeast extract had achieved the higher productivity, but 
that is in contrary to the results obtained in the present study. 
 
Table 5: Effect of corn extract concentration on free cells 

  
Corn Extract 

Conc. % 
(w/v) 

With MS Without  MS 

24 h 48 h 72 h 24 h 48 h 72 h 

Lactic acid 
Concentration (g/l) 

0 3.04 G±0.1 3.24 D±0.15 4.08 D±0.15 3.04 G±0.1 3.24 C±0.3 4.08  D±0.6 
10% 3.57 G±0.3 6.81  B±0.15 8.5 B±0.2 3.57 G±0.3 6.81 B±0.5 8.5  C±1 

Lactose 
Concentration (g/l) 

0 48.4  A±2 47.4  A±2.25 42.3 A±2 49.4 A±1.33 47.4  A±2 42.3  A±2 
10% 47  A±1.6 37.4  B±2.1 25  C±2 47  B±1.6 39  B±2 26  C±1 

Log (CFU/ml) 
0 8.6  B±2.09 8.15  B±2.1 7.9  C±2.05 8.65   C±2.1 8.11   D±2.49 7.9  C±2.2 

10% 8.9  A±2.73 9.18  A±2.74 8.59  A±2.25 8.9   A±3.09 8.45   C±2.11 9.15  A±3.31 

 
Table 6:  Effect of corn extract concentration on immobilized cells. 

  
Corn Extract 

Conc. % 
(w/v) 

With MS Without  MS 

24 h 48 h 72 h 24 h 48 h 72 h 

Lactic acid 
Concentration (g/l) 

0 3.14 G±0.1 3.26 D±0.15 4.29 D±0.15 3.14 G±0.1 3.26 C±0.3 4.29  D±0.6 
10% 5.1 D±0.3 7.14  B±0.15 9.74 B±0.2 5.1 C±0.3 9.89 B±0.5 9.59  C±1 

Lactose 
Concentration (g/l) 

0 48  A±2 47.2  A±2.25 41.3 A±2 49 A±1.33 47.2  A±2 41.3  A±2 
10% 43.7  B±1.6 35  B±2.1 19.4  C±2 44  B±1.6 37.8  B±2 20.7  C±1 

Log  (CFU/g) 
0 8.9  B±3.09 9.18  B±3.1 9.28  C±3.05 8.93   C±2.1 9.19   D±3.49 9.38  C±3.2 

10% 9.08  A±3.03 9.31  A±3.04 9.35  C±3.08 9.17   A±3.09 9.38   C±3.11 9.32  A±3.31 

 
For soybean extract (Tables 7 and 8), the maximum lactic acid production for immobilized cells 

was 12.75 g l-1with maximum productivity of 0.177 g l-1 h-1. These fermentations results for L. 
plantarum showed that by addition of soybean extract, lactic acid production reached four folds of 
that obtained with control. Also lactose utilization was enhanced with soybean extract to 56% with 
lactic acid yield 0.455 g g-1 for immobilized cells. This result with soybean extract was reported by 
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Nancib et al., (2005) who reported that most of lactic bacteria require different sources of vitamins 
and assimilable nitrogen. 

These experimental results suggested the possibility to substitute part of yeast extract with 
cheaper nitrogen sources; corn and soybean extracts. However, Ma et al., (2014) suggested that such 
replacement might reduce the total cost of fermentation process with 38% of its cost. Also, this 
assumption was reported by Kadam et al., (2006) whose results proved that Corn steep liquor was an 
alternative to yeast extract but in high amounts. In the present study, the obtained results suggested 
that each one gram of yeast extract would be replaced by the extract of 200 g corn, or the extract of 
120 g  soybean powder without any decrease in the lactic acid production rate 

The effectiveness of mineral salts on lactic acid production was in disagreement with Rhee and 
Pack work (1980) who reported that the lactate dehydrogenase (LDH) system of L. bulgaricus didn’t 
require Mn+2 for catalytic activity. However, Fitzpatrick et al. (2001) found that addition of MnSO4 
with yeast extract to a fermentation medium of Lactobacillus casei reduced the fermentation time, 
required for maximum lactic acid yield and sugar conversion, to 1/5 and reduced yeast extract 
requirement. Wegkamp et al., (2010) established that Mn+2 and Mg2+ were essential for the growth of 
L. plantarum for enhancing biomass formation and catalyze a vast number of enzymatic reactions. 
 
Table 7: Effect of soybean extract on free cells 

   
Soybean 

Extract Conc. 
% (w/v) 

With MS Without  MS 

24 h 48 h 72 h 24 h 48 h 72 h 

Lactic acid 0 2.04 G±0.1 2.87 D±0.15 3.25 D±0.15 2.04 G±0.1 2.87 C±0.3 3.25  D±0.6 
Concentration (g/l) 10% 7.65 D±0.3 11  B±0.15 12.75 B±0.2 7.23 C±0.3 11 B±0.5 12  C±1 

Lactose 0 48  A±2 46.3  A±2.25 45.9 A±2 48 A±1.13 46.3  A±2 45.94  A±2 
Concentration (g/l) 10% 41  B±1.6 29  B±2.1 22  C±2 45.8  A±1.6 31.4  B±2 24  C±1 

Log (CFU/ml) 
0 8.97  B±3.09 9.25  B±3.1 9.11  D±3.35 8.95   F±3.1 9.2   D±3.89 9.21  C±3.2 

10% 9.18  A±3.23 9.35  A±3.04 9.39  C±3 9.15   E±3.09 9.39   C±2.11 9.48  A±2.81 

 
Table 8: Effect of soybean extract on immobilized cells 

                        

Soybean 
Extract 

Conc. % 
(w/v) 

With MS Without  MS 

24 h 48 h 72 h 24 h 48 h 72 h 

Lactic acid 
Concentration (g/l) 

0 2.04 G±0.1 2.87 D±0.15 3.25 D±0.15 2.04 G±0.1 2.87 C±0.3 3.25  D±0.6 
10% 7.65 D±0.3 11  B±0.15 12.75 B±0.2 7.23 C±0.3 11 B±0.5 12  C±1 

Lactose 
Concentration (g/l) 

0 48  A±2 46.3  A±2.25 45.9 A±2 48 A±1.13 46.3  A±2 45.94  A±2 
10% 41  B±1.6 29  B±2.1 22  C±2 45.8  A±1.6 31.4  B±2 24  C±1 

Log (CFU/g) 
0 9  B±3.09 9.21  B±2.1 9.31  D±2.05 8.9   F±2.1 9.23   D±3.49 9.3  C±3.2 

10% 9.2  A±3.13 9.35  A±3.04 9.34  C±3.08 9.14   E±3.09 9.39   C±3.11 9.6  A±3.31 

 
                      Qualification of corn extract (CE) or soybean extract (SE) and yeast extract (YE) mixtures as 

nutrient sources 
To establish the utilization of corn and soybean as a main nitrogen source in addition to least 

amount of yeast extract, corn and soybean extracts (10%) were separately used with yeast extract 
(0.25%) as a mixture, to investigate the potential of corn and soybean extracts to reduce the 
requirement for addition of yeast extract. In corn/yeast extracts experiment (Fig. 1), the maximum 
lactic acid production was 14.6 g l-1 for the immobilized cells, and the maximum productivity was 
0.207 g l-1 h-1. These results showed that by addition of corn/yeast extracts mixture; lactic acid 
production reached only four folds than without. Lactose utilization was enhanced with corn extract to 
76 % with lactic acid yield 0.50 g g-1 for immobilized cells. This combination of the two nutrients 
offered a combination of growth factor and essential constituents which have the ability to fill the 
nutritional requirements of these strains and that was reflected in excellent contribution to lactic acid 
production and lactose utilization exceeding results obtained by the addition of 2% yeast extract alone 
by 28% or addition of casein hydrolysate by 14% with considerable productivities. 

In case of soybean/yeast extracts (Fig. 1), lactic acid production was 15 g l-1 for immobilized 
cells of L. plantarum. The maximum productivity was 0.208 g l-1 h-1. These fermentations results 
showed that by addition of   yeast extracts mixture, lactic acid production by the producing strains 
reached 3.5 folds of that without. Lactose utilization was enhanced with corn extract to 86% with 
lactic acid yield 0.348 g g-1 for immobilized cells. 
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Fig. 1.  Lactic acid production using nutrient combinations in free cells and   immobilized cells state in the 

presence of mineral salts 

Conclusion 
The obtained results showed that lactic acid production increased with increasing the 

concentration of supplements, specially yeast extract. Cell growth was preserved more efficiently in 
beads showing direct proportion to nutrient concentration than free cells what means that the growth 
associated lactic acid production was encouraged by immobilization of producing strains. Yeast 
extract showed high lactic acid production and high lactose consumption by the immobilized 
Lactobacillus plantarum. Also, the more suitable enriched and cheap fermentation medium for 
production of lactic acid production from whey permeate is soybean extract 10% and yeast extract 
0.25% and the suitable for such process is to utilize the strain in the immobilized state. 
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	Milk-whey proteins have come into wider use as food ingredients only in the last 40 years, taking their proper place at an emerging frontier, where nutrition and health interface. Largely regarded in the past as a waste byproduct, advanced processing technology has propelled whey proteins to the top of the list of important nutrients, and still newer technologies will help keep it there permanently (Prasad et al., 2014). Furthermore, whey is evolving into a sought-after product because of the lactose, minerals, and proteins it contains as well as the functional properties it imparts to food (Onwulata et al., 2004). 
	Whey is a multi-component solution of various water soluble milk constituents. Due to its composition it can be considered a good source of energy what makes it a serious source of environmental pollution, since it has a high Chemical Oxygen Demand causing its disposal a great problem. Unfortunately, most milk plants do not have a fully-developed strategy to recycle whey, and around half the global production of whey is treated as a waste product particularly for medium size cheese factories, that have growing disposal problems and cannot afford high investment costs for whey valorization technologies, physico-chemical and/or biological treatment of this effluent is imperative (Saffari and Langrish, 2014). Many researchers utilized whey and whey permeate as a substrate for production of many valuable chemicals; such as lactic acid, bioethanol and others, but these studies met a lot of challenges among them are low productivity, end product inhibition that resulted in incomplete consumption of lactose which could be solved through the optimization of media composition and the environmental conditions. The whey came to be accessible for effective microbial fermentation yielding various valuable products, but the operational cost retarded the progress in this way at least in developing countries resulting in the continuous bad use of whey, therefore, there is a need to develop an industrially attractive fermentation process considering all economic levels of nutrient supplementation (Carvalho et al., 2013).    Substrate for the lactic acid fermentation process can be chosen from a variety of carbon sources, such as  glucose, xylose, sucrose and lactose. The choice of substrate depends upon its availability, cost and pretreatment required for fermentation. The lactic acid bacteria requires substrates with high nitrogen content and it has a particular demand for vitamins B. The nitrogen sources required for the fermentation medium are supplied in the form of yeast extract, cotton oil, soy flour, tryptone and peptone. Lactose hydrolysate from cheese whey was used as substrate for growth of LAB. This substrate supplied sufficient nutrients for some organisms. There are several species of bacteria that are capable to produce lactic acid from lactose such as L. bulgaricus, L. plantarum and L. casei (Taleghani1 et al., 2016) . In industrial fermentation the use of various Lactobacillus spp. is preferred because of their higher conversion, yield and rate of metabolism. Their innate acid tolerances, ability to survive gastric passage, and safety record during human consumption are key features for their lactic acid production in the food industry (Mercier et al., 1992 and Klaenhammer et al., 2002). Lactobacillus plantarum was reported to produce Lactic acid with high yield from grain starch hydrolysate (Al-Asady, 2012).
	The aim of this study is to produce lactic acid from whey permeate supplemented with essential nutritional constituents included , yeast extract, casein hydrolysate, corn extract and soybean extract, using Lactobacillus plantarum  in two states; free cell and immobilized cell .
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