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[bookmark: _Toc294757649]Abstract

[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Lactic acid is a natural organic acid, which is an industrially important product. It is used in pharmaceuticals, cosmetics, and chemical, textile and food industries. Novel applications in synthesis of biodegradable plastics have increased the demand for lactic acid. Microbial fermentations are preferred over chemical synthesis of lactic acid due to many factors. The whey is highly pollutant to environment and disposal of whey may causes number of problems. But whey is potential source of lactose and other beneficial minerals. This characteristic makes the whey to be a main substrate for production of lactic acid from whey and other biological products. In this project cheese whey was used as a raw material for microbial lactic acid production with Lactic Acid Bacteria (LAB). 

In the first part of this study LAB was isolated from dairy by- product whey. After that the growth rate of the isolated LAB was studied. Finally the effect of whey concentration on lactic acid production was investigated using batch fermentation which is carried out in 500 ml Erlenmeyer flask and the temperature was maintained at 37oC throughout the fermentation.

As a result of intensive experiments for LAB isolation, nearly pure LAB was obtained. While in the second part the growth rate constant was 0.64 h-1 and the generation time is about 1.09 h. In the third part of this study, first the whey was concentrated by vacuum evaporation to be used for lactic acid production. The total solid (TS) obtained after evaporation process was about 117 g/l.  Two different initial whey concentrations were used 10 g/l and 20 g/l. It was found that the lactic acid concentration is about 0.342 (w/w)% when initial whey concentration 10 g/l is used,  while about 0.401 (w/w)% of lactic acid was formed in case of 20 g/l after 5 hours of cultivation. 
 
The results obtained in this work confirmed that it is possible to increase the value of residues from the dairy industry for the production of value-added products such as lactic acid, which has important industrial applications. This could reduce the cost of the culture media used for lactic acid production when scaling up the process.
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[bookmark: _Toc294757653]CHAPTER ONE
[bookmark: _Toc294757654] INTRODUCTION

[bookmark: OLE_LINK49][bookmark: OLE_LINK50]The dairy industry represents a major and important part of the food industry and contributes significant liquid waste, whose disposal requires a large amount of capital investment. Whey, the greenish translucent liquid obtained from milk after precipitation of casein, has been viewed as one of the major disposal problems of the dairy industry, because of the high volumes produced and having a high biochemical oxygen demand(BOD) reach to 70g/l. As a general rule, about nine liters of whey is obtained for every kilogram of cheese produced. A dairy farm processing 100 ton of milk per day produces approximately the same amount of organic products in its effluent, as would a town with 55000 residents (Parmjit et al., 2010). 
 However, a major portion of the world’s whey production is not treated and is discarded as effluent. To overcome this problem, a better alternative is subjecting the whey to processes through which the value-added products can be manufactured, which may contribute wholly or partially to the costs (Zaied K.A et al, 2009).
Lactose in some organic compounds can be converted to lactic acid by some lactic acid bacteria. Whey is one of these organic compounds used in lactic acid production, which is a clean, abundant food-grade material and a potential environmental pollutant due to its high lactose content. One of the promising ways to use lactose in whey is to use it as a low cost carbon source for the production of organic acids by fermentation. Disposal of whey and doing it profitably continues to be a problem which confronts the entire dairy industry. Pollution of the environment and loss of valuable nutrients are considerations, which militate against traditional disposal methods. Use of a fermentation process to upgrade the nutritional quality of whey or to produce a product with improved palatability was taught as an alternative procedure. In short, the utilization of lactose in whey by fermentation overcomes the disposal problem of this pollutant while it produces value-added end products such as lactic acid (Duygu, 2004).
Lactic acid (LA) is a versatile chemical, used  as an acidulant, flavor and preservative in the food, pharmaceutical, leather and textile industries, for the production of base chemicals, and for polymerization to biodegradable poly lactic acid (PLA). LA exists as two optical isomers, D and L- LA. Both isomeric forms of LA can be polymerized and polymers with different properties can be produced depending on the composition (Karin Hofvendahl et al, 1999). Of the 400,000 tones of LA produced worldwide every year about 90% are made by LA bacterial fermentation and the rest is produced synthetically by the hydrolysis of lactonitrile (Yang, 2007). Fermentative production has the advantage that by choosing a strain of LA bacteria (LAB) producing only one of the isomers, an optically pure product can be obtained, whereas synthetic production always results in a racemic mixture of LA. It is also possible to use renewable resources as substrates, such as starch and cellulose in fermentative production (Karin Hofvendahl et al, 1999).
In Palestine, there are 13 dairy product plants. And if Asafa Plant for Dairy Products had taken as an example of whey production. This plant has a daily capacity of 20 ton. The daily production of whey is 9 ton, one third of this results from Labneh and the remains from cheese proceeding. This huge amount of whey is disposed to municipal sewer without any treatment processes it is needed more concern (data from personal communication with industry sources, 2011).   
In order to enhance the economics of the lactic acid fermentation process, it is necessary to increase the lactic acid concentration in the medium through optimization of fermentation conditions. The present work was, therefore, carried out to:
· LAB isolation from dairy by- product whey.
· Study  the growth rate of LAB .
· Study the effect of cheese whey concentration on lactic acid production using batch fermentation at 37oC.  

 
[bookmark: _Toc294757655]    CHAPTER Two
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: _Toc294757656]LITERATURE REVIEW
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]
[bookmark: _Toc294757657]2.1 WHEY CHARACTERISTICS  
[bookmark: _Toc294757658]2.1.1 Whey Definition
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Whey  defined broadly as the serum or watery part of milk remaining after separation of the curd, which results from the coagulation of milk proteins by acid or proteolytic enzymes. That means whey is the by-product of cheese and casein manufacture (Parmjit et al., 2007).  
[bookmark: _Toc294757659]2.1.2 Whey Compositions
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The composition of whey varies essentially with the type of cheese of which it is a by-product; sweet whey comes from the production of cooked or pressed cheese curd, while acid or sour whey, which is richer in lactic acid and minerals, is a by-product of fresh cheese. The composition also varies with the method of preservation and with the origin of the milk (Thivend, 2010).
Whey proteins (lactoalbumins and globulins) are of excellent quality; their essential amino acid content is superior to that of egg or casein proteins. They are quite rich in lysine and tryptophane and in the sulphur-containing amino acids (methionine and cystine). Whey is also relatively rich in calcium, phosphorus, sodium, potassium and chlorine. The concentration of these last three elements in whey is constant irrespective of the origin of the product, but the calcium and phosphorus concentrations are greater in sour than in sweet whey (Thivend, 2010). Table 2.1 gives the sweet and acid whey components in grams per liter of whey.




[bookmark: _Toc292993077][bookmark: _Toc294757057]Table 2.1: Typical composition of sweet and acid whey.
	Components
	Sweet whey (g/l)
	Acid whey (g/l)

	Total solids
	63–70
	63–70

	Lactose
	46–52
	44–46

	Protein
	6–10
	6–8

	Calcium
	0.4–0.6
	1.2–1.6

	Phosphate
	1–3
	2–4.5

	Lactate
	2
	6.4

	Chloride
	1.1
	1.1


      Source (Parmjit et al., 2007)
[bookmark: _Toc294757660]2.1.3 Whey Utilities
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Dairy industries all over the world generate ample amounts of whey per liter of milk processed, depending upon the processes employed, products manufactured. There are various methods of utilizing or disposing of whey. It can be dumped at the production site, provided that the land area is large enough and the soil permits the absorption of the mineral elements and the organic matter. About 50% of total world cheese–whey production is treated and transformed into various food products, of which about,
·  45% is used directly in liquid form, such as for animal feed.
· 30% in the form of powdered whey, such as  substrate for lactic acid fermentation and yeast.
· 15% as lactose and byproducts from its removal.
· 10% as whey–protein concentrates. 
Applications for whey are increasing constantly, in part because of improved separation techniques (ultracentrifugation, ultrafiltration, sterile filtration, reverse osmosis, electrophoresis, chromatography and others) and enzymatic hydrolysis. The industry has developed many uses for lactose as well as for whey itself. Currently, the major uses of whey and whey permeate are in manufacturing dried whey powder and refined lactose. These uses, however, are often aimed at keeping the surplus whey out of sewers rather than at producing a highly desirable product. For example, the manufactured lactose is mainly used in cattle feed. The ultimate goal for the dairy industry should be to turn whey lactose into a profit generating feedstock for high value-added products. Lactose purified from cheese whey or permeate is used as a supplement in infant formulas and as an excipient for pharmaceutical products (Yang, 2007). 

[bookmark: _Toc294757661]2.2 WHEY TREATMENT  
[bookmark: _Toc294757662]2.2.1 Whey and Environment
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Approximately 50 % of the 115 million tons of whey produced world–wide every year are disposed into rivers, lakes, or other water bodies, into wastewater treatment plants or loaded onto the land. This represents a significant loss of resources and causes serious pollution problems since whey is a heavy organic pollutant with high BOD and COD. More than 90 % of whey BOD is due to lactose (Canli, 2005). For this reason biological treatment of cheese whey by conventional activated sludge processes is very expensive (Mostafa Ghasemi et al., 2008). The main raw cheese whey effluent characteristics are classified in table 2.2.
[bookmark: _Toc292993078][bookmark: _Toc294757058]Table 2.2: Raw cheese whey effluents characteristics.
	Parameter
	Range (mg/l)

	Chemical oxygen demand (COD)
	50,000 – 80,000

	Biochemical oxygen demand (BOD )
	40,000 – 60,000 

	[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Suspended solid(SS)
	63,000 – 70,000

	Total nitrogen (TN)
	897–1 200

	Ammonium  (N–NH4 +)
	58–150

	Nitrogen Oxide (ON)
	7–10

	Total phosphorous (TP)
	336–434

	 pH
	4.5–5.0


                             Source (Canli, 2005), (Ghaly et al., 2003)
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]
[bookmark: OLE_LINK21][bookmark: OLE_LINK22] Most milk plants do not have proper treatment systems for the disposal of whey and the dumping of whey constitutes a significant loss of potential food and energy, as whey retains about 55% of total milk nutrients. Among the most abundant of these nutrients are lactose, soluble proteins, lipids and mineral salts. Although several possibilities of cheese whey utilization have been explored, a major portion of the world cheese whey production is discarded as effluent. Its disposal as waste poses serious pollution problems for the surrounding environment, since it affects the physical and chemical structure of soil, resulting in a decrease in crop yield and when released into water bodies, reduces aquatic life by depleting the dissolved oxygen. Thus, whey poses a major threat to environmental and human health, for which an effective and permanent solution is urgently needed (Parmjit et al., 2007). 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Most of the industrially developed countries have stringent legislation governing the disposal of effluents. Biological wastewater treatment technologies can assist in safer disposal of whey within environmental specifications, but these are expensive. To overcome this problem, a better alternative is subjecting whey to processes through which value added products can be manufactured, and which may contribute wholly or partially to the disposal costs. Availability of the lactose carbohydrate reservoir in whey and the presence of other essential nutrients for the growth of microorganisms makes whey a potent raw material for the production of different bio-products through biotechnological means (Parmjit et al., 2007).
[bookmark: _Toc294757663]2.2.2 Treatment Methods of Cheese Whey Effluent
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Growing environmentalist concern have  dumping expensive while the development of  technology has opened up new and cost effective ways of utilizing the whey constituents which has helped to find a wide range of new applications and the development of dairy industry. Treatment methods which are used in the treatment of cheese whey are chemical, biological and advanced treatment methods (Canli, 2005).
· Chemical Treatment Methods
Treatment of dairy wastewaters by chemical treatment(coagulation) is only removes albumins and other suspended solids, doesn’t remove dissolved organic compounds. Chemical treatment methods had 45–72 % COD removal efficiency as shown in table 2.3. Chemical treatment is not enough to meet discharge limitations into the sewerage or to the receiving water media as a full treatment method. It can be used as a pretreatment stage before biological or advanced treatment. Although chemical treatment needs less investment costs and less area, its operational costs and energy consumptions are very high (Canli, 2005).
[bookmark: _Toc292993079][bookmark: _Toc294757059]  Table 2.3: COD removal efficiencies of various chemical treatment studies carried out   with  dairy wastewater.
	Chemical type
	Optimum dosage (mg/l)
	Optimum pH
	COD removal efficiency %

	CMC +H2SO4 
	10
	4.0
	62

	CMC + lactic acid 
	10
	4.3
	60

	Chitosan 
	15
	5.0
	61

	CMC 
	10
	4.0
	50

	Ferric chloride 
	200
	4.5
	72

	Ferrous sulfate 
	200
	4.5
	59

	Alum 
	200
	6.0
	54

	H2SO4 
	-
	4.0
	45


              Source (Canli, 2005).	
· Biological Treatment Methods
[bookmark: _Toc292993080]Biological treatment methods are commonly used in the treatment of cheese whey. There are many kinds of applications of biological treatment and most of them were reduced COD effectively. COD removal efficiency of biological treatment was between 81–99 % in the treatment of cheese whey. Also, to get methane gas and use it as energy resource is an advantage of anaerobic biological treatment (Canli, 2005). Table 2.4 lists the main biological process that used for whey treatment.




[bookmark: _Toc294757060]Table 2.4: Comparison of COD removal efficiencies of various biological treatment techniques.
	Biological treatment method COD removal
	Efficiency (%)

	Protozoan ciliate at Lagoon process
	86

	Fed-batch cultures at Airlift bioreactor
	96

	Continuous stirred tank reactor (CSTR) & Upflow anaerobic filter (UFAF)
	90

	Downflow- upflow hybrid reactor (DUHR)
	98

	Anaerobic stirred sequencing batch reactor & Aerobic (ASBR) sequencing batch reactor (SBR)
	94

	Upflow anaerobic sludge blanket (UASB) Draw and fill digester
	81-99

	Upflow anaerobic sludge blanket (UASB)
	95–97


Source (Canli, 2005).
· Advanced Treatment Methods
   A few works dedicated to the treatment of dairy streams show that nanofiltration (NF) and reverse osmosis (RO) are convenient operations for treating effluents at source and achieving the set targets:
· To concentrate and to give value to the milk constituents in non food applications.
· To simultaneously produce treated water that can be reused in the dairy factory.
BOD removal efficiency using this technology is  99 %. Whey comprises 80-90 % of the total volume of milk entering the process and contains about 50 % of the nutrients in the original milk. Despite the chronic protein shortage in large parts of the world, a very considerable proportion of the total whey output is still wasted. Membrane technology can not only introduce an excellent environmental solution but also provides for human consumption one of the biggest reservoirs of food protein. Some examples of the utilization of Whey Protein Concentrates (WPC), whey powder and lactose are given in the production of refreshments, diet food, ice creams, baby food, bakery products, sausages, alcohol as well as pharmaceutical products (Canli, 2005).
Advanced treatment is a new method for the treatment of cheese whey. Although advanced treatment needs much investment expenditures, COD removal is more effective than chemical and biological treatment. COD removal efficiency of advanced treatment methods were about 92–99 % for cheese whey. This is really a good performance for COD reduction because initial COD concentration of cheese. Another advantage of advanced treatment is to provide reusable water and protein recovery. So, there is an important raw material and money benefit for dairy industry. Also, pollution loads to environment is reduced (Canli, 2005).













      
[bookmark: _Toc294757664]2.3 LACTIC ACID
[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: _Toc294757665]2.3.1 Lactic Acid Definition
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Lactic acid (2-hydroxy prop ionic acid) is the most widely occurring carboxylic acid in nature. It was first discovered in sour milk by the Swedish chemist Scheele in 1780, who initially considered it a milk component. In 1789, Lavoisier named this milk component »acide lactique«, which became the possible origin of the current terminology for lactic acid. In 1857, however, Pasteur discovered that it was not a milk component, but a fermentation metabolite generated by certain microorganisms (Young et al., 2006). But it was first produced commercially by Charles E. Avery at Littleton, Massachusetts, USA in 1881. Lactic acid can be manufactured by (a) Chemical synthesis or (b) Carbohydrate fermentation. In the early 1960s, a method to synthesize lactic acid chemically was developed due to the need for heat-stable lactic acid in the baking industry (Young et al., 2006). Main lactic acid physical properties listed in table 2.5.
[bookmark: _Toc292993081][bookmark: _Toc294757061]Table 2.5: Physical properties for lactic acid
	Chemical formula
	C3H6O3

	Chemical name
	(S)-2-hydroxy-propanoic acid

	Molecular Weight
	90.08 g/mole

	Physical appearance
	aqueous solution

	Taste
	mild acid taste

	Melting point
	53oC 

	Boiling point
	> 200oC 

	[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Solubility in water (g/100 g H2O)
	miscible

	Dissociation Constant, Ka
	1.38 x 10 -4

	pH (0.1% solution, 25oC)
	2.9





[bookmark: _Toc294757666]2.3.2 Lactic Acid Types
There are two optical isomers of lactic acid: L(+)-lactic acid and D(–)-lactic acid as figure 2.1 shown. Lactic acid is classified as GRAS (generally recognized as safe) for use as a food additive by the US FDA (Food and Drug Administration), but D(–)-lactic acid is at times harmful to human metabolism and can result in acidosis and decalcification. Although racemic DL-lactic acid is always produced by chemical synthesis from petrochemical resources, an optically pure L(+)- or D(–)-lactic acid can be obtained by microbial fermentation of renewable resources when the appropriate microorganism that can produce only one of the isomers is selected (Young et al., 2006). 
                                                    
	[image: http://www.ejbiotechnology.info/content/vol7/issue2/full/7/L_lacticacid.gif]       
	[image: http://www.ejbiotechnology.info/content/vol7/issue2/full/7/D_lacticacid.gif]


 
              L(+) - lactic acid                                                D(-) - lactic acid

[bookmark: _Toc294757112]Figure 2.1: Lactic acid isomers


[bookmark: _Toc294757667]2.3.3 Lactic Acid Uses
[bookmark: OLE_LINK75]Having two optically active forms, D(−) and L(+), lactic acid has long been used in the food, chemical, textile, pharmaceutical and other industries. The worldwide production is 400,000 metric tons per year and 90% of it is produced by lactic acid bacterial fermentation (Yang, 2007). There is increased interest in production of L(+) lactic acid, since it is a potential feedstock for poly-L(+) lactic acid, which degrades in the environment and in the human body to lactic acid (Harsa, 2004). 
The esters of lactic acid are used as emulsifying agents in baking foods (stearoyl-2-lactylate, glyceryl lactostearate, glyceryl lactopalmitate). The manufacture of these emulsifiers requires heat stable lactic acid, hence only the synthetic or the heat stable fermentation grades can be used for this application. Technical grade lactic acid is used as an acidulant in vegetable and leather tanning industries. Various textile finishing operant and acid dying of food require low cost technical grade lactic acid to compete with cheaper inorganic acid. Lactic acid is being used in many small scale applications like pH adjustment hardening baths for cellophanes used in food packaging, terminating agent for phenol formaldehyde resins, alkyd resin modifier, solder flux, lithographic and textile printing developers, adhesive formulations, electroplating and electropolishing baths, detergent builders.
Lactic acid has many pharmaceutical and cosmetic applications and formulations in topical ointments, lotions, anti acne solutions, humectants, parenteral solutions and dialysis applications, for anti carries agent. Calcium lactate can be used for calcium deficiency therapy and as anti caries agent. Its biodegradable polymer has medical applications as sutures, orthopaedic implants, controlled drug release etc. Polymers of lactic acids are biodegradable thermoplastics. These polymers are transparent and their degradation can be controlled by adjusting the composition, and the molecular weight. Their properties approach those of petroleum derived plastics. Lactic acid esters like ethyl/butyl lactate can be used as green solvents. They are high boiling, non-toxic and degradable components. Poly L-lactic acid with low degree of polymerization can help in controlled release or degradable mulch films for large-scale agricultural applications (Niju Narayanan et al., 2004).

[bookmark: _Toc294757668]2.4 LACTIC ACID PRODUCTION PROCESSES
Recently, lactic acid consumption has increased considerably because of its role as a monomer in the production of biodegradable PLA, which is well-known as a sustainable bioplastic material. (Young et al., 2006). It can be manufactured, either by chemical synthesis or by carbohydrate fermentation. The conventional process for fermentative production of lactic acid is a batch process with low productivity and high capital and operating costs. The highest cost of the traditional process for lactic acid production by lactose fermentation corresponds to the separation steps that are necessary to achieve the quality requirements for food grade lactic acid (Niju Narayanan et al., 2004).
[bookmark: _Toc294757669]2.4.1 Chemical Processes
The commercial process for chemical synthesis is based on lactonitrile. Hydrogen cyanide is added to acetaldehyde in the presence of a base to produce lactonitrile. This reaction occurs in liquid phase at high atmospheric pressures. The crude lactonitrile is recovered and purified by distillation. It is then hydrolyzed to lactic acid, either by concentrated HCl or by H2SO4 to produce the corresponding ammonium salt and lactic acid. Lactic acid is then esterified with methanol to produce methyl lactate, which is removed and purified by distillation and hydrolyzed by water under acid catalyst to produce lactic acid and the methanol, which is recycled. Though chemical synthesis produces a racemic mixture, stereo specific acid can be made by carbohydrate fermentation depending on the strain being used. This process is represented by the following reactions (Niju Narayanan et al., 2004). 

(a) Addition of Hydrogen Cyanide
	CH3CHO
acetaldehyde  
	+
	HCN 
hydrogen cyanide   
	 catalyst
 [image: http://www.ejbiotechnology.info/content/vol7/issue2/full/7/long_arrow.gif]  
	CH3CHOHCN
lactonitrile 



(b) Hydrolysis by H2SO4
	CH3CHOHCN
Lactonitrile
	+ 
	H2O
	 + 
	1/2H2SO4
sulphuric acid 
	[image: http://www.ejbiotechnology.info/content/vol7/issue2/full/7/long_arrow.gif]
	CH3CHOHCOOH
lactic acid   
	+
	1/2(NH4)2SO4
ammonium salt



(d) Esterification 
	CH3CHOHCOOH
lactic acid   
	+
	CH3OH
methanol 
	[image: http://www.ejbiotechnology.info/content/vol7/issue2/full/7/long_arrow.gif]
	CH3CHOHCOOCH3
methyl lactate   
	+
	H2O



(e) Hydrolysis by H2O
	CH3CHOHCOOCH3 
methyl lactate  
	+
	H2O 
	[image: http://www.ejbiotechnology.info/content/vol7/issue2/full/7/long_arrow.gif]
	CH3CHOHCOOH
lactic acid  
	+
	CH3OH
methanol  




The chemical synthesis method produces a racemic mixture of lactic acid. Two companies Musashino, Japan and Sterling Chemicals Inc., USA are using this technology. Other possible routes are base catalyzed degradation of sugars, oxidation of propylene glycol, reaction of acetaldehyde, carbon monoxide and water at elevated temperature and pressures, hydrolysis of chloropropionic acid, carbohydrate fermentation, nitric acid oxidation of propylene (Niju Narayanan et al., 2004).

[bookmark: _Toc294757670]2.4.2 Fermentation(Biological Processes)

Lactic acid can be produced using bacteria, yeast and fungi. Lactic acid producing bacteria (LAB) have received wide interest because of their high growth rate and product yield (Zhan Ying Zhang et al., 2007). As shown in table 2.6 each culture has its own pros and cons when used in the fermentation. The final selection thus will be based mainly on the economical factors, including raw material costs, productivity, yield, recovery costs, and waste disposal.
[bookmark: _Toc292993082]
[bookmark: _Toc294757062]Table 2.6: Comparison of lactic acid fermentations by bacterial, yeast, and filamentous fungal cultures
	
	Bacteria
	Yeast
	Filamentous fungi

	Species
	Lactobacillus spp.
	Kluyveromyces lactis
	Rhizopus oryzae

	Substrates
	Glucose, lactose,
sucrose; can't use starch
	Glucose, lactose;
can't use starch
	Glucose, starch, xylose

	Medium
	Require complex
growth nutrients
	Relative simple
industrial media
	Simple medium with
only trace minerals

	Growth conditions
	Anaerobic, pH >5
	Anaerobic, pH 4.5
	Aerobic, pH > 4

	Products
	Mixtures of L(+) and
D(-)-lactic acids
	Pure L(+)-lactic acid
	Pure L(+)-lactic acid

	Product yield
	0.85 ~ 0.95 g/g glucose
	~0.85 g/g glucose
	~0.85 g/g glucose

	Product concentration
	Up to 150 g/L
	60−109 g/L
	Up to 120 g/L

	Productivity
	as high as 60 g/L·h
	0.12–0.91 g/L·h
	Up to 6 g/L·h


(Yang, 2007)
	
	
	
	
	
	
	


[bookmark: OLE_LINK74][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Fungal Rhizopus species have attracted a great interest, and have been recognized as suitable candidates for lactic acid production. Unlike the LAB, lactic acid producing Rhizopus strains generate L- lactic acid as a sole isomer of lactic acid. The production of L- lactic acid using a surface culture of Rhizopus was reported in 1911. An efficient submerged fermentation using fungal species for the production of L-lactic acid was first reported in 1936. However, an increased research interest has been given to lactic acid fermentation by fungal species in recent decades. Rhizopus strains grow better under nitrogen limited environments than the lactic acid producing bacteria. Separation of the fungal biomass from fermentation broth is easy because of their filamentous or pellet forms, leading to a simple and cheap downstream process required (Zhan Ying Zhang et al., 2007). In fungal fermentation, the low production rate, below is probably due to the low reaction rate caused by mass transfer limitation. The lower product yield from fungal fermentation is attributed partially to the formation of by-products, such as fumaric acid and ethanol (Young et al., 2006). Also fungal growth requires aeration and its filamentous morphology can be difficult for scale up (Yang, 2007).
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Food and pharmaceutical grades of lactic acid are mainly produced by LAB, such as Lactobacillus spp. Because of the high productivity and yield (Yang, 2007). Lactic acid bacteria can be classified into two groups: homofermentative and heterofermentative. While the homofermentative LAB convert glucose almost exclusively into lactic acid, the heterofermentative LAB catabolize glucose into ethanol and CO2 as well as lactic acid. The homofermentative LAB usually metabolize glucose via the Embden-Meyerhof pathway (i.e. glycolysis). Since glycolysis results only in lactic acid as a major end-product of glucose metabolism, two lactic acid molecules are produced from each molecule of glucose with a yield of more than 0.90 g/g . Only the homofermentative LAB are available for the commercial production of lactic acid (Young et al., 2006).
Biotechnological processes for the production of lactic acid usually include lactic acid fermentation and product recovery and/or purification as figure 2.2 shown. There have been numerous investigations on the development of biotechnological processes for lactic acid production, with the ultimate objectives to enable the process to be more efficient and economical (Young et al., 2006).
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[bookmark: _Toc294757113]Figure 2.2: Lactic acid flow chart

Over the last few decades, extensive research has been focused on bioreactor engineering to improve mixing and heat and mass transfer inside large-scale reactor vessels. A variety of bioreactor types and configurations have thus been exploited and developed along with the advances in the understanding of biological systems. In addition, it is necessary to control the bioreactor’s operating parameters in order to favor the desired functions of the living cells or enzymes. Dissolved oxygen concentration, pH, temperature, mixing, and supplementation of nutrients all need to be controlled and optimized. Figure 2.3 demonstrates the most popular immobilized cell bioreactors employed for various applications include the stirred tank bioreactor, packed-bed bioreactor, fluidized-bed bioreactor, and air-lift bioreactor (Yang, 2007).
[image: ]
[bookmark: _Toc292993368][bookmark: _Toc294757114]Figure 2.3: Various types of immobilized cell bioreactors.

[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34]As shown lactic acid, can be produced by either biotechnological fermentation or chemical synthesis, but the former route has received considerable interest recently, due to environmental concerns and the limited nature of petrochemical feedstocks. There have been various attempts to produce lactic acid efficiently from inexpensive raw materials (Young et al., 2006). Renewable resources including sugars, starch and lignocellulose are abundant substrates for fermentative production. The chemical synthesis results in a racemic mixture of the two isomers, while the fermentation process can yield an optically pure form of lactic acid or racemate, depending on microorganisms, substrates and fermentation conditions employed in the production (Zhan Ying Zhang et al., 2007).
	
[bookmark: _Toc294757671]2.4.3 Lactic Acid Recovery

The highest cost in the processes of lactic acid production by carbohydrate fermentation lies in the separation steps that are needed to recover and purify the product from the fermentation broth (M.I. González et al, 2007). In order to reduce costs, numerous studies on lactic acid separation have been conducted using different separation techniques such as reactive extraction, membrane technology, ion exchange, electrodialysis and distillation (M. Isabel González et al, 2007). Table 2.7 demonstrates the main processes used for carboxylic acid such as lactic acid and acetic acid recovery from fermentation media.












[bookmark: _Toc294757063][bookmark: _Toc292993626]    Table 2.7: Separation methods for recovery of carboxylic acids from fermentation broth.
	Method
	Description
	Advantages
	Disadvantages

	Precipitation
	CaCO3 or CaO is added in the medium to neutralize acid. The calcium carboxylate solution is concentrated by evaporation, then crystallized and separated from the mother liquor
	low impurities in
product; low capital costs; high yield
	requires the use of H2SO4 to release carboxylic acid, which generates CaSO4, a solid waste requiring landfill disposal

	Distillation
	NH3 is used to neutralize acid Ammonia carboxylate then reacts with alcohol to form ester, which is separated by distillation
	high product purity; the byproduct (NH4)2SO4
can be used as a
fertilizer
	requires hydrolysis of ester and distillation to separate the alcohol from carboxylic acid. High capital and energy costs associated with distillation require economy of scale

	Extraction
	Use organic solvents to extract carboxylic acid from the broth.
	low costs, high yield, best for carboxylate salt production
	the solution needs to be acidified to allow efficient extraction of the free carboxylic acid. Extractant needs to be regenerated by distillation or back-extraction
(stripping).

	Adsorption
	Usually using ion exchange resins to adsorb carboxylate ions from the broth
	easy to operate
	low adsorption capacities, high resin costs, requires energyintensive resin regeneration, separation is not highly selective

	Electrodialysis
	electric current is applied to move negatively charged carboxylate ions through an anionexchange membrane towards the anode in the electrodialyzer
	Carboxylate concentrated in
aqueous solution, does not require acid addition adjust the solution pH
	product purity is low and may require further purification, high energy input; membrane fouling; difficult to scale up


(Yang, 2007)


[bookmark: _Toc294757672][bookmark: OLE_LINK37][bookmark: OLE_LINK38]2.5 LACTIC ACID BACTERIA(LAB)

[bookmark: _Toc294757673]2.5.1 Lactic Acid Bacteria Types

Lactic acid bacteria (LAB) are regarded as safe organisms for the production and preservation of fermented foods. They convert certain sugars into organic acids. The type of fermentation and the configuration of lactic acid produced depends on the genera of LAB as shown in table 2.8.

[bookmark: _Toc292993083][bookmark: _Toc294757064]Table 2.8: Lactic acid isomers produced by common dairy LAB.
	LAB genera
	D(-) Lactic
acid
	L(+) Lactic
acid
	DL (±)
Mixture

	L. acidophilus
	No
	No
	Yes

	L. delbrueckii subsp. lactis
	Yes
	No
	No

	L. delbrueckii subsp. bulgaricus
	Yes
	No
	No

	L. helveticus
	No
	No
	Yes

	L. casei
	No
	Yes
	No

	L. paracasei subsp.
Tolerans
	No
	Yes
	No

	L. paracasei subsp.
Paracasei
	No
	Yes
	No

	L. rhamnosus
	No
	
	No

	L. plantarum
	No
	No
	

	Lc. lactis
	No
	Yes
	No

	S. thermophilus
	No
	Yes
	No

	Leuconostoc sp.
	Yes
	No
	No


                      (Parmjit et al., 2007)

The choice of an organism primarily depends on the carbohydrate to be fermented. Lactobacillus delbreuckii subspecies are able to ferment sucrose. Lactobacillus bulgaricus is able to use lactose. Lactobacillus helveticus is able to use both lactose and galactose. Lactobacillus lactis can ferment glucose, sucrose and galactose. Lactobacillus pentosus have been used to ferment sulfite waste liquor (Niju Narayanan et al., 2004). Table 2.9 gives the productivity and yield of lactic acid for different LAB strains.
[bookmark: _Toc292993084][bookmark: _Toc294757065][bookmark: OLE_LINK84][bookmark: OLE_LINK85]Table 2.9: Lactobacillus strain that used for lactic acid production. 
	Productivity g/l.h
	Yield g/g
	lactic acid g/l
	LAB strain

	2.5
	0.84
	67.0
	Lactobacillus rhamnosus ATCC10863

	2.7
	0.66
	65.5
	Lactobacillus helevitcus ATCC 15009

	3.5
	0.90
	38.7
	Lactobacillus bolugricus NRRL B-548

	5.6
	0.91
	82.0
	Lactobacillus casie NRRL B-441

	1
	0.97
	41.0
	Lactobacillus Plantanum ATCC 21082

	0.8
	0.77
	21
	Lactobacillus pentosus ATCC 8041

	0.8
	0.70
	76.5
	Lactobacillus Omlophillus GV6

	3.8
	0.97
	90
	Lactobacillus delbrusckii NCIM 8130

	1.6
	0.76
	90
	Lactococous Lactis


          Source (Zhan Ying Zhang et al., 2007).
[bookmark: _Toc294757674]2.5.2 Lactic Acid Bacteria Nutrients
Industrial fermentation of lactic acid may be limited by the availability of micro and macronutrients, which are required by lactic acid producing microbes for cellular growth and maintenance. Micronutrients are predominantly metallic ions, which are required in trace quantities as cofactors in enzymatic reactions, whereas macronutrients include nitrogen, phosphorus, potassium, sodium and sulfur and are needed mainly for the synthesis of cellular material. Roy et al. (1987) and Aeschlimann and Von Stocker (1990) showed the need for a complex of nutrients for Lactobacillus helveticus for the growth and product formation and the need to supplemant cheese whey with some commercially available growth supplements. Several Studies showed that lactic acid productivity of most Lactobacilli is significantly improved by the addition of yeast extract, amino acids, protein concentrates, hydrolysates, vitamins and inorganic compounds such as (NH4)2SO4 and (NH4)2HPO4. Other studies showed the need to supplement cheese whey with some commercially available growth supplements such as corn steep liquor, yeast extract, casamino acids, peptone, neopeptones, cane molasses and trypticase. Casein  hydrolysate can improve the nutritional quality of the medium, because they contain growth promoting compounds, in addition to organic nitrogen, and carbonecious compounds. However, the use of these nutrient supplements in large quantities is very expensive and can reach as high as 32 % of the total lactic acid production cost. There is, therefore, a need to develop an industrially attractive process that considers productivity, residual lactose and economic levels of nutrient supplements (Ghaly et al., 2003). Table 2.10 shows the role of each nutrient in cell growth.
[bookmark: _Toc292993085][bookmark: _Toc294757066]    Table 2.10:  Macronutrients and Micronutrient available in acid cheese whey and their role in cell growth.
	Element
	Concentration                                                               (mg/l)
	Role

	                                                               MACROELEMENT

	Nitrogen( N)+
	1560
	Is an important ionic growth factor determining the rate of fermentation. It controls the synthesis of protein and  nucleic  acid.

	Phosphorus( P)-
	480
	Is essential for the growth of the cell as well as enhancing the rate of fermentation. It plays an important part in carbohydrate metabolism.   

	Sulfur (S)- 
	150
	Used as constituent in proteins such as amino acids(cysteine and metheonine) and co-enzymes such as carboxylases.    

	Potassium (K)+
	1670
	Enhances tolerance to toxics. Involved in control of intracellular PH. Stabilizes the optimum pH for fermentation. K+ excretion is used to counter balance uptake of essential ions such as Zn+ and Co2+.    

	Magnesium (Mg)+
	90
	Buffers the cell against adverse environmental effects. Involved inactivating sugar uptake. levels of Mg2+ are regulated  by divalent cation transport system. 

	                                                MICROELEMENT

	Calcium(Ca2+)
	880
	Is essential for the growth of the cell and stimulates growth and fermentation. 

	Iron(Fe2+,3+)
	1
	In the active site of many cell proteins.

	Chlorine(Cl)-
	950
	passively diffuses into cells, stimulates the uptake of some sugars.

	Copper (Cu)
	-
	Extremely toxic to the cell. Used in the synthesis of enzymes and proteins. Used in the electron transport system. 

	Sodium (Na)+
	435
	Acts as a counter ion in the movement of some positive ions.


Source (Ghaly et al., 2003).
[bookmark: _Toc294757675]2.5.3 Lactic Acid Bacteria Condition

Most LAB are facultatively anaerobic, catalase negative and nonspore forming. They have high acid tolerance and survive pH 5 and lower. Their acid tolerance gives them a competitive advantage over other bacteria. The optimal temperature for growth varies between the genera from 20 to 45°C (Karin Hofvendahl and Ba¨rbel Hahn–Ha¨gerdal, 2000).
The production of lactic acid by fermentation using whey as a substrate can be batch or continuous processes.  Batch production of lactic acid by cheese whey fermentation has some disadvantages, such as a long lag period, unusually long fermentation times that require greater fermenter capacity and increased operational costs, and the requirement of ammonium or calcium ions to neutralize the lactic acid produced. In contrast, a continuous process has the advantages of high productivities and does not require high volume fermenters (Parmjit et al., 2007).












[bookmark: _Toc294757676]CHAPTER Three
[bookmark: _Toc294757677]LACTIC ACID BACTERIA ISOLATION

[bookmark: _Toc294757678]3.1 INTRODUCTION

Lactic acid bacteria (LAB) consist of a number of bacterial genera within the phylum Firmicutes. The genera Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Lactosphaera, Leuconostoc, Melissococcus, Oenococcus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus and Weissella are recognized as LAB (Beasley, 2004). Only six of them are dairy associated. These are Lactococcus, Enterococcus, Streptococcus, Leuconostoc, Pediococcus, and Lactobabillus (Bulut, 2003)

Generally, LAB can be defined as gram positive, non-spore forming, catalase negative, devoid of cytochromes, acid tolerant, and facultative anaerobe group that produce lactic acid as the major end-product during fermentation of carbohydrates. According to carbohydrate metabolism, they can be divided into two main groups. Homofermentative LAB (produce mainly lactic acid) (Bulut, 2003). Heterofermentative LAB produce about 50% lactic acid plus 25% acetic acid and ethyl alcohol and 25% carbon dioxide (FAO, 1988). 

LAB occur naturally in several raw materials like milk, meat and flour used to produce foods. LAB are used as natural or selected starters in food fermentations in which they perform acidification due to production of lactic and acetic acids flavor. Protection of food from spoilage and pathogenic microorganisms by LAB is through producing organic acids, hydrogen peroxide, diacetyl antifungal compounds such as fatty acids or phenullactic acid and/or bacteriocins . LAB play an important role in food fermentation as the products obtains with their aid are characterized by hygienic safety, storage stability and attractive sensory properties (Savadogo Aly, 2006). 



[bookmark: _Toc294757679]3.2 ISOLATION 

   Isolation and screening of microorganisms from naturally occurring processes have always been the most powerful means for obtaining useful cultures for scientific and commercial purposes. This certainly holds true for lactic acid bacteria (LAB), which are used throughout the world for manufacture of a wide variety of traditional fermented foods (Vjai Pal, 2005). Several different processes are used for this purpose, including the classic plate casting.
[bookmark: _Toc294757680]3.2.1 Materials

LAB isolated from different dairy products whey, whey (cheese), whey (labneh) and from yogurt. Sterilized nutrient agar at (121oC for 15 min)  used as a  growth medium for isolation. It contained in (g/L): Peptic digest of animal tissue 5; Beef extract 1.5;  Yeast extract 1.5; Sodium chloride 5 and Agar 15. While sterilized Nutrient Broth used for enrichment of LAB. It contained in (g/L): Animal tissue 5;  Beef extract 1.5 and Sodium chloride 5. 

[bookmark: _Toc294757681]3.2.2 Gram Stain Test
3.2.2.1 Background

Gram Stain test used to identify the LAB growth. The Gram stain is a very useful stain for identifying and classifying bacteria. Simple staining depends on the fact that bacteria differ chemically from their surroundings and thus can be stained to contrast with their environment. Bacteria also differ from one another chemically and physically and may react differently to a given staining procedure. This is the principle of differential staining. Differential staining can distinguish between types of bacteria. The Gram stain (named after Christian Gram, Danish scientist and physician, 1853–1938) is the most useful and widely employed differential stain in bacteriology. It divides bacteria into two groups: gram negative and gram positive. The first step in the procedure involves staining with the basic dye crystal violet. This is the primary stain. It is followed by treatment with an iodine solution, which functions as a mordant; that is, it increases the interaction between the bacterial cell and the dye so that the dye is more tightly bound or the cell is more strongly stained. The smear is then decolorized by washing with an agent such as 95% ethanol or isopropanol-acetone. Gram-positive bacteria retain the crystal violet-iodine complex when washed with the decolorizer, whereas gram negative bacteria lose their crystal violet-iodine complex and become colorless. Finally, the smear is counterstained with a basic dye, different in color than crystal violet. This counterstain is usually safranin. The safranin will stain the colorless, gram-negative bacteria pink but does not alter the dark purple color of the gram-positive bacteria. The end result is that gram-positive bacteria are deep purple in color and gram-negative bacteria are pinkish to red in color as shown in figure 3.1 (Prescott, 2002).

The Gram stain does not always yield clear results. Species will differ from one another in regard to the ease with which the crystal violet-iodine complex is removed by ethanol. Gram-positive cultures may often turn gram negative if they get too old. Thus, it is always best to Gram stain young, vigorous cultures rather than older ones (Prescott, 2002).

[image: ]
[bookmark: _Toc292993352][bookmark: _Toc293074744][bookmark: _Toc294757120]        Figure 3.1: Gram Staining Test.
3.2.2.2  Materials

Gram staining reagents: Crystal violet, Iodine, Ethyl alcohol and Safranin.


3.2.2.3  Gram Stain Method

(1)- Smear Preparation Protocol
A bacterial smear is a dried preparation of bacterial cells on a glass slide. In making a smear, bacteria from either a broth culture or an agar plate may be used for Gram Stain Test (Young et al., 2006). Figure 3.2 shows the steps that used in smear preparation. 

[image: ]
[bookmark: _Toc292993353][bookmark: _Toc293074745][bookmark: _Toc294757121]Figure 3.2: Smear preparation protocol.

(2)- Gram Stain Protocol:
The staining technique consists of the following steps, that shown in figure 3.3 :

[image: ]
                                (a) Crystal violet; 30 seconds.                (b) Rinse with water for 5 seconds.

[image: ]
                                    (c) Cover with Gram's iodine                     (d) Rinse with water for 5 seconds.
                                           for 1 minute.
 
[image: ]
                                     (e) Decolorize for 15–30                             (f) Rinse with water for 5 second.
                                     seconds.
[image: ]
                                      (g) Counterstain with safranin .                  (h) Rinse for 5 seconds.

[image: ]
(i) Blot dry with bibulous paper
[bookmark: _Toc292993354][bookmark: _Toc293074746][bookmark: _Toc294757122]Figure 3.3: Gram Stain protocol.
[bookmark: _Toc294757682]3.2.3 Isolation Method

 (1) Five volumes 50, 100, 200,400 and 500 µL  were taken from each sample to the nutrient agar plates. The spread – plate technique used to separate a mixture of two or more bacteria into well-isolated colonies, figure 3.4. 
   [image: ]   [image: ]                   [image: ]       [image: ]
       (a) Sample addition.           (b) Sterilize the inoculating                (c) Flame the inoculating                  (d) Spread plate.   
                                                           loop with ethanol .                              loop.                                          
 (
Incubation
)                                   [image: ]                             [image: ]
                                                 (e) spreading technique.                       (f) colonies growth         
[bookmark: _Toc292993355][bookmark: _Toc293074747][bookmark: _Toc294757123]Figure 3.4: Spread – Plate technique.
 
(2) Plates were incubated for 16 h at 37oC.
(3) Then Gram Stain Test used to indentify LAB. The gram- positive colony can be picked off the plate to the sterilized nutrient broth, figure 3.5. 
[image: ]      [image: ]       [image: ]       [image: ]
(a) Flame the inoculating            (b) Take a colony          (c) Tranfer to nutrient broth.      (d) Mix and transfer to incubater. 
       loop.                                      .                                                                                                    
[bookmark: _Toc292993356][bookmark: _Toc293074748][bookmark: _Toc294757124]Figure 3.5: Technique for Bacterial Removal and Subculturing.

(4) The nutrient broth incubated overnight at 37oC to obtain LAB heavy growth.
(5) A loopful of the bacterial mixture was removed from nutrient broth to the nutrient agar plates. Streak-plate technique used obtains well-isolated, pure colonies. Figure 3.6 shows this technique. 
[image: ]         [image: ]                  [image: ]        [image: ]   

(a)  Flame the inoculating loop.      (b) remove a loopful of            (c) Streak the bacteria on plate.        (d) Straking motion.  
                                                              the bacterial mixuture                                                                            

[bookmark: _Toc292993357][bookmark: _Toc293074749][bookmark: _Toc294757125]Figure 3.6: Streak-Plate technique.
(6) The above subculturing, streaking and incubation steps repeated until nearly pure LAB isolated.                                 
(7)  Pure strains of LAB were maintained in nutrient broth containing 15% glycerol at -15oC ,figure 3.7. And subculturing into fresh broth media was done during experiment.
[image: ]             [image: ]                       [image: ]                      [image: ]      
 (a) Add nutrient broth               (b) Add one colony.                (c) Close tube.              (d) Mix by inversion. 
      and (15%) glycerol.
 
[bookmark: _Toc292993358][bookmark: _Toc293074750][bookmark: _Toc294757126]Figure 3.7: LAB deep freeze.





[bookmark: _Toc294757683]3.3 RESULTS and Discussion

LAB isolation experiments are carried out using different sources. And after many trails in order to isolate pure LAB, nearly pure isolated LAB colonies obtained as figure 3.8 shows that.
[image: ]
[bookmark: _Toc292993359][bookmark: _Toc293074751][bookmark: _Toc294757127]Figure 3.8: Isolated LAB colonies.
Table 3.1 shows the approximate percentage of colonies distribution on plates, when homemade diary-byproduct whey used. The results show clear isolated colonies obtained from yogurt sample. The low colonies number on other plates related to contamination especially to yeast growth. The opportunity of LAB presence in the original samples is the second reason for low colonies formation as whey(cheese) sample.    
[bookmark: _Toc294757077]Table 3.1: Colonies distribution percentage on plates 
	Source of isolated LAB
	Plate
Symbol
	Volume at plate
          (µL)
	Colony numbers
              %

	Yogurt
	A
	50
	20

	
	B
	100
	45

	
	C
	200
	50

	
	D
	400
	30

	
	E
	500
	60

	Whey (cheese)
	A
	50
	5

	
	B
	100
	10

	
	C
	200
	15

	
	D
	400
	20

	
	E
	500
	30

	Whey (Labanh)
	A
	50
	10

	
	B
	100
	15

	
	C
	200
	25

	
	D
	400
	30

	
	E
	500
	35


A heavy growth of B,C and E of yogurt samples used to streak plates. And the gram stain test used to indentify LAB. Table 3.2 shows the results of test. 
[bookmark: _Toc294757078]Table 3.2: Gram stain test results.
	Samples
	Gram stain

	A
	G(+),G(-)

	
	G(+),G(-)

	
	G(+),G(-)

	B
	G(+),G(-)

	
	G(-)

	
	G(+),G(-)

	C
	G(+)

	
	G(+)

	
	G(+)



Sample C gives a good existence of gram positive G(+) bacteria. The heavy growth of this sample used for further plate spreading. To improve LAB isolation triplicate experiments performed. And the gram stain test done on three different growth regions from each plate as shown in table 3.3. Further isolation experiment performed from the G(+) samples.
[bookmark: _Toc294757079]Table 3.3: Gram stain test results of sample C.
	
	Heavy growth (µL)
	Gram stain(1)
	Gram stain(2)
	Gram stain(3)

	C1
	100
	G(-)
	G(-)
	G(-)

	
	300
	G(+)
	G(-),G(+)
	G(-)

	
	800
	G(-),G(+)
	G(-),G(+)
	G(-),G(+)

	C2
	100
	G(-),G(+)
	G(-)
	G(+)

	
	300
	G(-),G(+)
	G(+)
	G(+)

	
	800
	G(-)
	G(-)
	G(-)

	C3
	100
	G(-)
	G(-)
	G(-)

	
	300
	G(-),G(+)
	G(-)
	G(-),G(+)

	
	800
	G(+)
	G(+)
	G(+)
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[bookmark: _Toc292993360][bookmark: _Toc293074752][bookmark: _Toc294757128]Figure 3.9:  LAB Cells with other cells.
Figure 3.9 shows that there were different types of bacteria with LAB. For example, Streptococci bacteria which appeared as of spherical Gram-positive bacteria and other types of Gram-negative bacteria.
[image: ]
[bookmark: _Toc292993361][bookmark: _Toc293074753][bookmark: _Toc294757129]Figure 3.10: Pure LAB.

Figure 3.10 shows the Gram positive rod LAB that appeared after several isolation processes. LAB had a good present in yogurt samples if it compared with two other sources.
LAB isolation is the project bottle neck. It took around 50 days. And several attempts were hold in order to obtain pure LAB. At the first, industrial whey (cheeses) samples used for isolation but with negative results. Because of using heat processes during the chesses industry which affect the LAB present. So the work trends to use different home dairy products whey, whey (cheese), whey (labneh) and yogurt. 

The main obstacle that faced the LAB isolation was the media. The specific LAB media MRS wasn’t available. Nutrient broth which considered as a general media for most microorganisms used instead of MRS. By this opportunity of other microorganisms growth increased. So successive streaking on agar media and characterization tests done. This  made the isolation operations more difficult and increased the required time. On other hand the type of media that used affected the purity of the isolated LAB. However, for the identification of isolated LAB did not done because of the absence of facilities. All this parameters will have clear effects on the results of subsequent experiments.   
















[bookmark: _Toc294757684]chapter  Four
[bookmark: _Toc294757685]  LAB Growth rate
[bookmark: _Toc294757686]4.1 INTRODUCTION
[bookmark: _Toc294757687]4.1.1 Bacterial Growth Curve
Growth is an orderly increase in the quantity of cellular constituents. It depends upon the ability of the cell to form new protoplasm from nutrients available in the environment. In most bacteria, growth involves increase in cell mass and number of ribosomes, duplication of the bacterial chromosome, synthesis of new cell wall and plasma membrane, partitioning of the two chromosomes, septum formation, and cell division. This asexual process of reproduction is called binary fission (Todar, 2011). Figure 4.1 shows the growth rate curve for bacteria. As shown the cells number varies with time in the following phases.
[image: ]
[bookmark: _Toc292993527][bookmark: _Toc294757147]Figure 4.1: Bacteria growth curve.

1. The Lag Phase, is an adaptation period of cells to a new environment, occurs immediately after inoculation. During this adaptation period, new enzymes are synthesized, and the synthesis of some other enzymes is suppressed. Cell mass may increase, while cell number density remains constant. The lag period is affected from the age and size of the inoculums culture and the nutrient medium. Usually, the lag period increases with the age of the inoculums. To minimize the duration of the lag phase, cells should be young and active, and the inoculums size should be large. The nutrient medium may need to be optimized and certain growth factors can be included in order to minimize the lag phase (Duygu, 2004).

2. Exponential or log phase of growth. This is the period in which the cells grow most rapidly, doubling at a fairly constant rate. The time it takes the culture to double is called the generation time. The generation time can be easily obtained from the exponential phase of a growth curve. The log of the cell number versus time will yield a straight line when the cells are in exponential growth. The generation time can be read directly from the graph using two points on the straight line that represent a two-fold increase in the cell number. The generation time depends on several factors: the organism itself, the growth medium, and the temperature are all important factors in determining the generation time. Under constant conditions, the generation time for any organism is quite reproducible, but differs greatly among different bacteria. The fastest growing bacteria have generation times of 15-20 min under optimum growth conditions. Many bacteria, however, have generation times of hours or even days (Thiel, 1999).

[bookmark: OLE_LINK98][bookmark: OLE_LINK99]3. The Stationary Phase, when the net growth rate is zero (no cell division) or when the growth rate is equal to the death rate. Even though the net growth rate is zero during the stationary phase, cells are still metabolically active and produce secondary metabolites. Primary metabolites are 15 growth-related products such as lactic acid, ethanol and secondary metabolites are nongrowth-related products such as antibiotics. During the stationary phase, the cell catabolizes cellular reserves for new building blocks and for energy-producing monomers. This is called endogenous metabolism. The cell must always spend energy to maintain an energised membrane and transport of nutrients and for essential metabolic functions such as motility and repair of damage to cellular structures. This energy expenditure is called maintenance energy (Duygu, 2004).

4. The final phase of the growth cycle is the death phase. In this phase the cells quickly lose the ability to divide even if they are placed in fresh medium. Like the phase of rapid growth, the death phase is also exponential; therefore, cells die quickly and within hours a culture may have no living cells. The death phase, and in fact all the phases, can be slowed by lowering the temperature. Hence, in order to maintain maximum cell viability it is best to grow bacterial cultures only to early stationary phase and then chill the culture. Leaving a culture at the optimum temperature for growth for a long period of time simply accelerates the death of the culture. Most dead bacterial cells look identical to live cells, so the normal appearance of a liquid culture or of colonies on a plate is no indication that the cells are alive (Thiel, 1999).

[bookmark: _Toc294757688]4.1.2 Factors Affecting The Bacterial Growth

The Patterns of microbial growth and product fermentation are influenced by environmental conditions such as temperature, pH, dissolved oxygen, salt concentration and nutrient concentration. 
Temperature is an important factor affecting the performance of cells. According to their temperature optima, organisms can be classified to following groups. Those bacteria that grow best at ambient temperatures are called mesophiles, while those that have an optimum temperature above about 45°C are called thermophiles. The bacteria that grow best from about at 0 -15°C are called psychrophiles (Karin Hofvendahl and Ba¨rbel Hahn–Ha¨gerdal, 2000). The growth rate approximately doubles for every 10°C increase in temperature. Above the optimal temperature range, the growth rate decreases and thermal death may occur (Michael L.Shuler and Fikret Kargi, 2002). 

Hydrogen-ion concentration (pH) of the environment affects bacterial growth. Most bacteria grow best in the pH range from about 6-8; however, there are many acid-tolerant bacteria as well as alkaline-tolerant strains. In general, bacteria survive alkaline pH better than acid pH, but a few strains actually grow better in an acidic environment. Some can even use sulfuric acid as an energy source. The pH of the cell contents of bacteria that grow in acidic or alkaline environments is neutral. These strains have transport mechanisms to keep a normal physiological H+ ion concentration inside the cell. Thus, pH control by means of buffer or an active pH control system is important. Control of pH is also a method of food preservation, used primarily in pickling. The acidic environment of the pickling solution prevents microbial growth (Karin Hofvendahl and Ba¨rbel Hahn–Ha¨gerdal, 2000). 

 One of the environmental factors to which bacteria and other microorganisms are quite sensitive is the presence of O2. For example, some microorganisms will grow only in the presence of O2 and are called obligate aerobes. Facultative anaerobes will grow either aerobically or in the absence of O2, but better in its presence. Strict obligate anaerobes will grow only in the absence of O2 and are actually harmed by its presence. Aerotolerant anaerobes are microorganisms that cannot use O2 but are not harmed by it either. Finally, microorganisms that require a small amount of O2 for normal growth but are inhibited by O2 at normal atmospheric tension are called microaerophiles. These variations in O2 requirements can be easily seen by inoculating a tube of molten agar with the bacterium, mixing the agar thoroughly without aerating it. The bacteria will grow in the part of the agar deep culture that contains the proper O2 concentration as shown in figure 4.2 (Prescott, 2002).
[image: ]
[bookmark: _Toc292993362][bookmark: _Toc294757148]Figure 4.2: Bacteria growth according to oxygen concentration.

Dissolved oxygen (DO) is an important substrate in aerobic fermentation and may be a limiting substrate, since oxygen gas is sparingly soluble in water. At high cell concentrations, the rate of oxygen consumption may exceed the rate of supply, leading to oxygen limitation. When oxygen is the rate limiting factor, specific growth rate varies with dissolved-oxygen concentration according to saturation kinetics. Oxygen is usually introduced to fermentation broth by sparging air through the broth (Michael L.Shuler and Fikret Kargi, 2002).

Nutritional medium is also a factor that affects bacteria growth. Bacteria grow best when optimal amounts of nutrients are provided; however, the nutritional needs of bacteria vary tremendously. Some strains require a nutritionally rich medium full of amino acids, peptides, vitamins and sugar. The salt concentration in an environment is the major contributor to the osmotic effect of ions on growth. Bacteria require ions that are provided by salts and typically tolerate moderate salt concentrations. High salt or high sugar in the environment leads to loss of water from cells and, ultimately, to death. Bacteria thrive in high salt environments. These halophilic (salt-loving) bacteria are called halophiles. Many halophiles belong to the bacterial kingdom called the Archae. Halophiles have mechanisms to actively pump out salt, keeping the inside of the cell at a normal salt concentration (Karin Hofvendahl and Ba¨rbel Hahn–Ha¨gerdal, 2000).

[bookmark: _Toc294757689]4.1.3 Bacterial Growth Measurement
For unicellular organisms such as the bacteria, growth can be measured in terms of two different parameters, changes in cell mass and changes in cell numbers. There are different methods for measurement of the cell mass involve (Todar, 2011):
1.  Direct physical measurement of dry weight, wet weight, or volume of cells after centrifugation.
2. Direct chemical measurement of some chemical component of the cells such as total N, total      protein, or total DNA content. 
3. Indirect measurement of chemical activity such as rate of O2 production or consumption, CO2 production or consumption, etc. 
 4. Turbidity measurements.  
· Determining Cell number density 
     A Petroff-Hausser slide or a Homocytometer is often used for direct cell counting. In this method, a calibrated grid is placed over the culture chamber, and the number of cells per grid square is counted using a microscope, figure 4.3. To be statistically reliable, at least 20 grids squares must be counted and averaged. The culture medium should be clear and free of particles that could hide cells  or method be confused with cells. Stains can be used  to distinguish between dead and live cells (Michael L.Shuler and Fikret Kargi, 2002). 
[image: ]
[bookmark: _Toc292993363][bookmark: _Toc294757149]Figure 4.3: Direct cells counting by Petroff-Hausser.

Plates counting appropriate growth medium gelled with agar(Petri dishes) are used for counting viable cells. Culture samples are diluted and  spread on the agar surface and the plates are  incubated. Colonies are counted on the agar surface following the incubation period. The results are expressed in terms of colony- forming unit (CFU) (Michael L.Shuler and Fikret Kargi, 2002). 
· Determining cell mass concentration.
Techniques for measuring changes in cell mass also can be used to follow growth. The most direct approach is the determination of microbial dry weight. Cells growing in liquid medium are collected
by centrifugation, washed, dried in an oven, and weighed. This is an especially useful technique for measuring the growth of filamentous fungi. It is time-consuming, however, and not very sensitive. Because bacteria weigh so little, it may be necessary to centrifuge several hundred milliliters of culture to collect a sufficient quantity (Todar, 2011). 
Another rapid method is based on the amount of light scattered by a suspension of cells.  Particulate objects such as bacteria scatter light in proportion to their numbers. The turbidity or optical density of a suspension of cells is directly related to cell mass or cell number, after construction and calibration of a standard curve. The method is simple and nondestructive (Todar, 2011).
[bookmark: _Toc294757690]4.2 MATERIALS AND METHOD

- Lactic Acid Bacteria(LAB).
- Sterilized nutrient broth.
Two methods are used for determining LAB growth curve, which are:
[bookmark: _Toc294757691]4.2.1 Plate Counting Method
A standard plate count method was used to determine the number of viable bacterial cells per unit volume of a sample using agar plate media, following these steps:
1.  A heavy growth of LAB was serially diluted in broth media tubes to 1/1010 as shown in figure 4.4.
2. Then 0.5ml of the each diluted broth plated at agar Petri dishes. 
3. Plates were incubated at 37oC for overnight.
4. Colony counter was used for counting the isolated formed colonies, figure 4.5.
5. Number of cells were calculated as CFU(colony forming by units) per millimeter of the original sample, (CFU = Plate count X dilution factor). 
6. Optical Density (OD) of the isolated LAB is determined experimentally, by taking the OD for heavy growth at different values of spectrophotometer wave length (540 to 620nm). 
[image: ]
[bookmark: _Toc292993364][bookmark: _Toc294757150]Figure 4.4: Serial dilution technique for cell number determining.

[image: http://t3.gstatic.com/images?q=tbn:ANd9GcSzv5ZQJLTLX1bwU465B4q0h23nLFqzTcY275ksX1J0lFBUbtBc]
[bookmark: _Toc292993365][bookmark: _Toc294757151]Figure 4.5: Cell counter.
7. The OD was taken for  the each diluted broth tube at 600 nm.
8.  A standard curve  can be drawn using the OD values for each diluted broth, and the number of cells to use it as a calibration growth curve during studding LAB growth.   
9. LAB was incubated in 250 ml nutrient broth flask at 37oC in a water bath shaker.
10. Every one hour the OD is taken for the incubation media in order to draw the LAB growth curve, the cell number variation with respect to time. 
[bookmark: _Toc294757692]4.2.2 Optical Density.

  This method based on the increase in incubation media turbidity (OD) as the LAB growth increases with time. This done by:
1.  LAB was incubated in 250 ml nutrient broth flask at 37oC in a water bath shaker.
2.  Every one hour the OD is taken for the incubation. 
OD in this method was used directly to draw LAB growth curve.

[bookmark: _Toc294757693]4.3 RESULTS

[bookmark: _Toc294757694]4.3.1 LAB Growth Rate Curve
 
- The plate  counting method failed. The causes of failure will be discussed later.
- Table 4.1 shows the OD variation with time as a result of using OD method. 
[bookmark: _Toc294757095]Table 4.1: OD variation with time
	Time(h)
	OD

	0
	0.015

	0.5
	0.017

	1
	0.018

	2
	0.02

	5
	0.04

	6
	0.1

	9
	0.311

	13
	0.386

	14
	0.41







Figure 4.6 shows LAB growth curve which results from plotting OD values versus time. 

[bookmark: _Toc292993366][bookmark: _Toc294757152]Figure 4.6: Schematic of the growth of LAB.

[bookmark: _Toc294757695]     4.3.2 Generation Time

Bacteria reproduce themselves by cell division, a process called binary fission. Under a given set of conditions, the rate for this division process is characteristic for each organism and is called generation time. The time to double the number of cells in the original population. 

· Graphical Generation Time Determination
The graphical determination of generation time is made by extrapolation from the log phase, as illustrated in figure 4.7. Two points selected (0.1 and 0.2) on the absorbance (A) scale that represent a doubling of turbidity. By drawing a line between each absorbance on the ordinate, and the plotted log or exponential phase of the growth curve. From these two points, draw perpendicular lines to the time intervals on the abscissa. From these data, the generation time(G) can be calculated as follows. 


[bookmark: _Toc292993367][bookmark: _Toc294757153]      Figure 4.7: Generation time determination.

 Generation time = t (A of 0.2) – t (A of 0.1)
Generation time = 7.1 h – 6.0 h
                           = 1.1 h.

· Theoretical Generation Time Determination

The rate of growth of the bacterial population is directly proportional to the number of bacteria present and the growth rate constant (Kiely, 2000):

                               eq 4. 1
where:

             = rate of growth
  = number of bacteria at time t
   = first – order growth rate constant

Integration yields

                                                                          eq 4. 2
where  
= initial population concentration
If  is the generation (doubling) time, then . Eq.2 can be written as

                                                  
                                                                   eq 4.3
By substituting the value of   into eq 4.2, the bacterial population  as a function of time  is expressed as 

                                                                                eq 4.4
Taking the logarithmic of eq 4.4 and rearranging



                     eq 4.5

where  
            = bacterial population at point c. or any other point at the beginning of the log phase.
            = bacterial population at point C or any other point at or near the end of the log phase.
              = time in minutes between C and c, figure 4.7. 

Taking 1 OD unit equal to 3.46 x 108 cell/ ml as a rule of thumb.


                                          = 1.08 h




Table 4.2 summarizes the obtained results.


[bookmark: _Toc294757096]Table 4.2: Growth rate study results.
	Graphical G (h)
	1.1

	Calculated G(h)
	1.08

	Theoretical G (h)
	0.42 ~1.4

	 (h-1)
	0.64


 

[bookmark: _Toc294757696]4.4  DISCUSSION

At the first, counting methods (plate counts) were preferred viable because they count only those cells that are able to reproduce when cultured, (viable cells). Two commonly used procedures are the pour-plate and spread-plate techniques. In both of these methods, a diluted sample of microorganisms is dispersed over or within agar. If each cell is far enough away from other cells, then each cell will develop into a distinct colony. The original number of viable microorganisms in the sample can be calculated from the number of colonies formed and the sample dilution. But as the specific media MRS for LAB was not available, made the applying of this method to study the growth rate a difficult task. And to overcome this problem, set of experiments done to draw a standard curve. This curve shows how the OD changes with the cell number. That means to follow the counting method just for one time. While during the studying the LAB growth rate OD was taken every hour. And from the standard curve the number of cell can be determined at each value of OD. By this, the cell number change with respect to time can be expressed as LAB growth curve.

In order to obtain the standard curve several experiments were done. And more than a way was followed to achieve that. But unfortunately, these experiments ended in failure. The failure could be referred to more than one reason. In the first set of experiments saline used as a base for serial solutions, the results showed contaminated plates. The opportunity of contamination increases to nutrient broth unspecific media for LAB. Also, the purity of isolated LAB affected on the results.
The second set of experiments, broth used as a base for a serial solution instead of saline. Because broth used later as media for growth rate study. This experiment also gave negative results due to contamination problems. Another set of experiments were repeated but to no avail. The same problem appeared a gain.   
As a result of previous experiments and time constrains, it decided to use OD as a direct method for LAB growth study as shown in figure 4.6. Spectrophotometer depends on the fact that microbial cells scatter light that strikes them. But using this method gives a rough result and has many defects, which are:
1- As the isolated LAB wasn’t indentified, the exact absorbance wave length was determined experimentally. Depend on the literature review LAB strains has a range of (540 -620 nm).
2- The restrictions on the operating hours in the university. The growth rate study  must be done continuously, but this experiment was taken three days with intervals of  inhibition. As there is no overnight work, sample was transferred to refrigerator at the end of the day to next day. This affected the LAB growth because bacteria need around (2) hours to adapt next day in the incubator after the inhibition night in the refrigerator. So some of OD values emitted because it's unreasonable.  
3- The death phase is not appearing in figure 4.6, because of turbidity method OD couldn't distinguish between the  living and death cells. So the OD never decreases. 
As figure 4.6 shown the lag phase took around 6 hours. This phase can be decreased using suspension of LAB culture instead of using directly LAB colonies. The unavailable specific media also affect the lag phase period. The obtained LAB growth curve, the generation time and growth rate constant cannot be compared with literature review research. That because of, every strain of LAB has its generation time, and as the LAB that isolated  hasn’t been indentified the generation time couldn't  be compared. But in general LAB has a generation time  25 min ~1.4 h (Yang, 2007). Also, these parameters depend strongly on the fermentation condition especially media type.
  



[bookmark: _Toc294757697]Chapter Five
[bookmark: _Toc294757698]LACTIC ACID PRODUCTION
   
[bookmark: _Toc294757699]5.1 INTRODUCTION

Lactic acid is an important specialty chemical widely used in industry. In the last ten years, fermentative production of lactic acid has gained large interest because of the increased industrial interest in biodegradable polylactic acid (Yang, 2007). Table 5.1 lists some of the current industrial fermentation products including lactic acid and their estimated global annual production in 2006. 
[bookmark: _Toc292993625]
[bookmark: _Toc294757101]Table 5.1: Some major industrial fermentation products
	
	Global Annual Production
(metric tons)
	Microorganism
	Applications

	Citric acid
	1,200,000
	A. niger
	Food

	Ethanol
	26,000,000
	S. cerevisiae
	Fuel

	Glutamate (MSG)
	1,000,000
	C. glutamicum
	Flavoring

	Lactic acid
	400,000
	Lactobacillus sp.
	Food, Plastics

	Lysine
	800,000
	C. glutamicum
	Feed

	Penicillin
	60,000
	P. chrysogenum
	Drug

	Xanthan gum
	100,000
	X. campestris
	Food, Oil drilling


                (Yang, 2007)

Many carbohydrate materials have been used, tested or proposed for the manufacture of lactic acid by fermentation. It is useful to compare these raw materials based on the following desirable qualities:
· low cost.
· low levels of contaminants.
· fast fermentation rate.
· high lactic acid yields.
· little or no by-product formation.
· ability to be fermented with little or no pretreatment.
· year-round availability.
Among many carbohydrate materials used for the production of lactic acid, cheese whey lactose deserves special consideration. Cheese whey is a clean, wholesome, abundant food-grade material and a potential environmental pollutant. It is the product separated from milk during cheese making and consists of water, lactose, proteins, vitamins, and mineral salts. Lactic acid can be obtained from whey by batch fermentation (Duygu, 2004). 

In batch fermentation system, the reactor is filled with a sterile nutrient substrate and inoculated with microorganism. The culture is allowed to grow until no more of the product is produced after which the reactor is ‘harvested’ and cleaned out for another run. In batch culture, the culture environment changes continually. The culture goes through lag phase, exponential phase, stationary phase, and death phase. Depending on what the product is, the ‘useful’ part of the growth cycle can be any one of these four stages, although it is usually the exponential or stationary phase as lactic acid production. The choice of bioreactors for immobilized cells is dependent on the immobilization technique, cell metabolism, the shear rate and the mass transfer requirement (Duygu, 2004).

[bookmark: _Toc294757700]5.2 MATERIALS

Cheese whey was obtained from Safa Dairy Plant in Nablus-Palestine, and store at -4oC to minimize microbial and enzymatic degradation. Whey liquid was supplemented with (g/l) yeast extract (10), KH2PO4 (0.5), MgSO4.7H2O (0.2) and MnSO4.4H2O (0.05). Litmus used for pH measurement. Sodium hydroxide (0.1N) is used for lactic acid determination. LAB which is isolated in the previous part(heavy growth). 

[bookmark: _Toc294757701]5.3 METHOD
[bookmark: _Toc294757702]5.3.1 Whey Pre-treatment 
 
Whey samples were concentrated by Rotary Evaporator (RE300) to nearly half of its initial volumes. Whey clarification was carried through protein precipitation induced by centrifugation at 3,000 rpm for 20 min. Total Solid (TS), which is all of the residue remaining after evaporation at 105oC was measured. 5g of whey transferred to cleaned pre-weighted porcelain crucible. Then samples at 105oC, then transferred to desiccators. After that, sample weighted and the weight difference used to measure total solid.  
[bookmark: _Toc294757703]5.3.2 Experimental Method

In the carbon source study, whey was replaced by glucose or lactose. This experiments aim to study the effect of whey concentration on lactic acid production. Batch fermentations were carried out in 500 ml Erlenmeyer flask with the 250 ml working volume 250 ml. The culture was incubated under rotational agitation at 120 rpm using water bath shaker. The temperature was maintained at 37oC throughout the fermentation. Whey, yeast extract and salts solution were sterilized separately at 121oC. 10 ml of heavy growth of the isolated LAB was added. Every one hour samples were taken from the fermentation media in order to measure the lactic acid concentration, pH and OD at 600 nm. The lactic acid was measured by titrating 5 ml sample against 0.1N sodium hydroxide to a final pH of 8. The (w/w)% of lactic acid was calculated by multiplying the alkali volume (ml) by the factor 0.09 (Milton Luiz, 2005). Two different experiments for lactic acid production were performed using different whey concentration. In the first experiment, 10 g/l whey was used as carbon source and in the second experiment; 20 g/l whey was used as carbon source. All these experiments were carried out in batch mode under sterile. Figure 5.1 shows the experiment flow chart.


[bookmark: _Toc293646308][bookmark: _Toc294757154]Figure 5.1: Experiments fermentation flow chart.
[bookmark: _Toc294757704]5.4 RESULTS AND DISCUSSION

The total solid test gives that original samples of whey (before treatment) have about 62 g/L. This value nearly matches with the theoretical value (63-73 g/l) (Parmjit et al., 2007). For the treated whey (after concentration and protein removal) TS was increased to 117 g/L. This value is reasonable as whey was concentrated by vacuum evaporator to half of its initial volume. 

Experiments were carried out batch fermentation. The fermentation media consists of nutrients which are whey, yeast extract and salts. Each of these components has a specific rule in the fermentation process. This nutrient can be classified into two classes according to its concentration. Macronutrients are needed in concentration larger than10-4 M; these nutrients include carbon, nitrogen, oxygen, hydrogen, sulfur, phosphorus, magnesium, and potassium. Which considered as a cell wall constituent, energy source and it is important for product formation. Micronutrient, these Trace elements are metal ions required by certain cells in such small amounts that it is needed in concentration smaller than10-4 M, and it is not necessary to add them to culture media as main nutrients. The trace elements such as Mn, Co, Zn, Cu, and Mo usually act as cofactors for essential enzymatic reactions in the cell. Most of these nutrients presents naturally in whey. But to enhance the LAB growth and lactic acid yield it is important to increase its concentration.   

In these experiments, whey is used as carbon source; carbon is a constituent of organic cellular material, and used as energy source. Yeast extract was used as nitrogen source, which is important for synthesizing protein, nucleic acid, and act as coenzymes. Magnesium sulphate MgSO4.7H2O is considered as a cofactor for some enzymes, and present in bacterial cell walls and membranes. Potassium dihydrogen phosphate KH2PO4 used as a source of potassium and phosphate. Micronutrient which was used is Mn in the form of MnSO4.4H2O is trace element which used to increase specific growth rate and lactic acid yield. 

Experiments were carried out to study the effect of whey concentration on the lactic acid production. Lactic concentration detected by alkali titration, which measure the total acidity (TA). Which expressed by weight percent of lactic acid formation per weight of lactose in the fermentation sample (w/w)%. In the first experiment whey concentration was taken 10 g/l. Table 5.2 shows the average production of lactic acid for 10 g/l whey concentration. Also figure 5.2 demonstrates how lactic acid formation increases with time. pH which was 5 at the beginning of all experiments decreases with the progress of fermentation process, which considered as an indication for lactic acid formation. From the results as the pH decreases the volume of NaOH required for titration increases for the first 6 hours fermentation. After 6 hours the volume of NaOH ​​fluctuated around the stable production of lactic acid. This is an indication that the fermentation process is in the stationary phase, and no further lactic acid production is formed which is may be due to nutrient depletion or toxic component formation. After 6 hours pH values fluctuated around stability (pH 3.2) as shown in figure 5.2, this nearly matches lactic acid pH (pH 3). This fluctuation related to personnel errors during pH recording using litmus papers. OD increases until it reaches a stable value (0.383) after 6 h of incubation.    
[bookmark: _Toc294757102]Table 5.2: Lactic acid concentration produced when 10 g/l of whey is added.
	Time
(h)
	OD 
600nm
	pH
	Volume of 0.1N NaOH
(ml)
	Lactic Acid
(w/w)%

	0
	0.022
	5.0
	0
	0

	1
	0.025
	4.5
	1.45
	0.131

	2
	0.035
	4.4
	1.95
	0.176

	3
	0.111
	4.3
	2.45
	0.221

	4
	0.187
	3.8
	3.35
	0.302

	5
	0.306
	3.5
	3.7
	0.333

	6
	0.381
	3.4
	3.8
	0.342

	7
	0.382
	3.4
	3.6
	0.324

	8
	0.382
	3.3
	3.5
	0.315

	9
	0.383
	3.2
	3.4
	0.306



 
[bookmark: _Toc293646309][bookmark: _Toc294757155]Figure 5.2: Lactic acid production when 10 g/l of whey is added.

Table 5.3 shows the average production of lactic acid 20 g/l whey is used. The maximum lactic acid production was after 8 hours (0.401 w/w)% as figure 5.3 shown. The lactic acid production ​​significantly increases in the first 4 hours. Then it is fluctuated about (0.38 w/w)%. Figure 5.3 shows pH decreases until it reaches stable value about 3 as in the first experiments (10 g/l whey). OD increases until it reaches a stable value (0.152) after 7 h of incubation.    

[bookmark: _Toc294757103]Table 5.3: Lactic acid production when 20 g/l of whey is added.
	Time
(h)
	OD 
600 nm
	PH
	Volume of 0.1N NaOH
(ml)
	Lactic Acid
(w/w)%

	0
	0.059
	5.0
	0
	0

	1
	0.065
	4.6
	2.45
	0.221

	2
	0.081
	4.4
	3.8
	0.342

	3
	0.101
	4.2
	4.2
	0.378

	4
	0.088
	4.0
	4.25
	0.383

	5
	0.097
	3.6
	4.3
	0.387

	6
	0.141
	3.4
	4.4
	0.396

	7
	0.151
	3.3
	4.25
	0.383

	8
	0.152
	3.2
	4.45
	0.401

	9
	0.154
	3.1
	4.25
	0.383
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[bookmark: _Toc294757156]Figure 5.3: Lactic acid production when 20 g/l whey is added.

OD increases along the two experiments due to LAB cell growth and lactic acid formation before it reachs stable value.  From the experiments result 20 g/l whey concentration gives the maximum lactic acid production (0.401 w/w)% after 8 hours.Where it was (0.342 w/w)% after 6 hours for 10 g/l whey concentration as figure 5.4 shown. For case 20 g/l the concentration of lactic acid was (0.378 w/w)% after 3 hours which is greater than the maximum concentration which was obtained from 10 g/l case after 6 hours. So 20 g/l whey concentration considrerd better than 10 g/l case. To determine the optimum whey concentration  further expiriments must be done with more diffrernt concentrations. Unfortinatily those expirements did not performed related to time constrains. For these reasons maximum yeild which was obtained cant be compared with theoretical yeild. 


[bookmark: _Toc294757157]Figure 5.4: Lactic acid production with different whey concentrations. 
There were many sourece of errors which are, the fermintation time must exceede 48 h, which is LAB life cycle. Unfortunately, the university system, working hours are not allowed to work night. So the fermintation media kept in the refrigenrater to the next day. On other hand alkali titration measuered the total acidity. This means the real amount of formed lactic acid is lower than the measured value acording to other acids that may be formed. So other effictive methods may be used such as HPLC.
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[bookmark: _Toc294757707]6.1 CONCLUSION
 
1. Lactic acid is a commonly occurring organic acid, which is valuable due to its wide use in food and food-related industries, and its potential for the production of biodegradable polylactate polymers.

2. Production of valuable chemical such as lactic acid from whey has been considered as an attractive option because of the rich nutrient contents.

3. Different strains of Lactic acid bacteria (LAB) can be used for lactic acid production from whey fermentation.

4. LAB can be isolated from dairy product.

5. LAB has a long generation time depends on its strain if it compared with other types of bacteria. 

6. There are many parameters affecting the fermentative lactic acid (LA) production are summarized: microorganism, type of carbon source, its concentration (whey) and pH.

7. As a result of whey concentration effect upon the lactic acid production it found that fermentation medium with 20 g/l whey concentration has more lactic acid yield if it compared with 10 g/l medium. 


[bookmark: _Toc294757708]6.2 RECOMMENDATION

1. MRS the specific media should be used for isolation and further purification of LAB.

2. By the specific media MRS more technical methods can be used to study the growth rate, such as counting method, OD and cell dry weight.

3. Lactic acid fermentation needs a long and continuous time; therefore the overnight work is necessary.   

4. The isolated LAB should be indentified to improve its growth rate study.

5. For more accurate results HPLC should be used to determine the lactic acid and lactose concentration during fermentation. 

6. Recommend to use purified strain of LAB and determine the optimum fermentation factors, such as whey concentration, nutrient concentration and pH control. If this succeeds in lab-scale further studies may be done on the lactic acid recovery and purification.  And this leads to apply this on large scale.

7. Further experiments must be done to study the effect of whey concentration on lactic acid productivity and fermentation condition. 

8. Recommended to perform further experiments to study other parameters affecting lactic acid production such as whey source, or us powder whey. 

9. Every step in this field needs an intensive corporation between the Biotechnology Department and the Chemical Engineering Department and the Scientific Centers in the university in order to achieve these objectives.  
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Table A.1: Lactic acid concentration produced when 10 g/l of whey is added.
	
	10 g/l Whey 
	10* g/l whey
	Average Results

	Time    (h)
	OD
600nm
	pH
	Volume of 0.1 NaOH
	OD
600nm
	pH
	Volume of 0.1 NaOH
	OD
600nm
	pH
	Volume of 0.1 NaOH
	Lactic Acid (w/w)%

	0
	0.023
	5
	0
	0.021
	5
	0
	0.022
	5
	0
	0

	1
	0.025
	4.5
	1.6
	0.024
	4.5
	1.3
	0.0245
	4.5
	1.45
	0.1305

	2
	0.038
	4.4
	1.9
	0.031
	4.3
	2
	0.0345
	4.35
	1.95
	0.1755

	3
	0.114
	4.3
	2.5
	0.108
	4.2
	2.4
	0.111
	4.25
	2.45
	0.2205

	4
	0.19
	3.9
	3.2
	0.184
	3.8
	3.5
	0.187
	3.85
	3.35
	0.3015

	5
	0.331
	3.5
	3.6
	0.281
	3.5
	3.8
	0.306
	3.5
	3.7
	0.333

	6
	0.4
	3.4
	3.8
	0.362
	3.4
	3.8
	0.381
	3.4
	3.8
	0.342

	7
	0.381
	3.4
	3.7
	0.383
	3.3
	3.5
	0.382
	3.35
	3.6
	0.324

	8
	0.382
	3.3
	3.4
	0.382
	3.2
	3.6
	0.382
	3.25
	3.5
	0.315

	9
	0.384
	3.2
	3.2
	0.382
	3.1
	3.6
	0.383
	3.15
	3.4
	0.306



Table A.2: Lactic acid concentration produced when 20 g/l of whey is added.
	
	20 g/l Whey 
	20* g/l whey
	Average Results

	Time    (h)
	OD
600nm
	pH
	Volume of 0.1 NaOH
	OD
600nm
	pH
	Volume of 0.1 NaOH
	OD
600nm
	pH
	Volume of 0.1 NaOH
	Lactic Acid (w/w)%

	0
	0.07
	5
	0
	0.048
	5
	0
	0.059
	5
	0
	0

	1
	0.08
	4.5
	2.3
	0.05
	4.6
	2.6
	0.065
	4.55
	2.45
	0.221

	2
	0.087
	4.3
	3.7
	0.074
	4.4
	3.9
	0.0805
	4.35
	3.8
	0.342

	3
	0.115
	4.2
	4.2
	0.104
	4.2
	4.2
	0.1095
	4.2
	4.2
	0.378

	4
	0.092
	3.9
	4.2
	0.084
	4.1
	4.3
	0.088
	4
	4.25
	0.383

	5
	0.105
	3.6
	4.3
	0.088
	3.5
	4.3
	0.0965
	3.55
	4.3
	0.387

	6
	0.153
	3.4
	4.4
	0.146
	3.4
	4.4
	0.1495
	3.4
	4.4
	0.396

	7
	0.15
	3.3
	4.3
	0.151
	3.3
	4.2
	0.1505
	3.3
	4.25
	0.383

	8
	0.151
	3.1
	4.5
	0.153
	3.2
	4.4
	0.152
	3.15
	4.45
	0.401

	9
	0.153
	3
	4.2
	0.155
	3.2
	4.3
	0.154
	3.1
	4.25
	0.383



[bookmark: _Toc294757712]B- LACTIC ACID MATERIAL SAFETY DATA SHEET (MSDS)

Section 1: Chemical Product

Product Name: Lactic Acid 
Synonym Name: 1-Hydroxyethanecarboxylic acid; Milk acid; DL-Lactic acid; 2-Hydroxypropanoic acid; 2-Hydroxypropionic acid; 2-Hydroxy-2-methylacetic acid. Racemic lactic acid; alpha-Hydroxypropionic acid;
Chemical Formula:C3H6O3

Section 2: Hazards Identification

Appearance: colorless to slight yellow liquid.
Danger! Causes eye and skin burns. Causes digestive and respiratory tract burns.
Target Organs: Eyes, skin, mucous membranes.
Potential Health Effects
Eye: Causes eye burns. Causes redness and pain. May cause chemical conjunctivitis and corneal damage.
Skin: Causes skin burns. Causes redness and pain.
Ingestion: Causes gastrointestinal tract burns.
Inhalation: Causes chemical burns to the respiratory tract. May cause systemic effects.
Chronic: Chronic exposure may cause effects similar to those of acute exposure.

Section 3: First Aid Measures

Eyes: Get medical aid immediately. Do NOT allow victim to rub eyes or keep eyes closed. Extensive irrigation with water is required (at least 30 minutes).
Skin: Get medical aid immediately. Immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing and shoes. Wash clothing before reuse.
Ingestion: Get medical aid immediately. Do NOT induce vomiting. If conscious and alert, rinse mouth and drink 2-4 cupfuls of milk or water.
Inhalation: Get medical aid immediately. Remove from exposure and move to fresh air immediately. If breathing is difficult, give oxygen. Do NOT use mouth-to-mouth resuscitation. If breathing has ceased apply artificial respiration using oxygen and a suitable mechanical device such as a bag and a mask.
Notes to Physician: Treat symptomatically and supportively.
Section 4: Fire and Explosion Data

General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand,  MSHA/NIOSH (approved or equivalent), and full protective gear. During a fire, irritating and highly toxic gases may be generated by thermal decomposition or combustion. Use water spray to keep fire exposed containers cool. Containers may explode when heated.
Extinguishing Media: Cool containers with flooding quantities of water until well after fire is out. Use water spray, dry chemical, carbon dioxide, or appropriate foam.
Flash Point: > 112 deg C (> 233.60 deg F)
Autoignition Temperature: Not available.
Explosion Limits, Lower: Not available.
Upper: Not available.
NFPA Rating: (estimated) Health: 3; Flammability: 1; Instability: 1
Section 5: Accidental Release Measures

General Information: Use proper personal protective equipment as indicated in Section 7.
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place in suitable container. Avoid runoff into storm sewers and ditches which lead to waterways. Clean up spills immediately, observing precautions in the Protective Equipment section. Provide ventilation.
Section 6: Handling and Storage

Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Use with adequate ventilation. Do not breathe dust, vapor, mist, or gas. Do not get in eyes, on skin, or on clothing. Keep container tightly closed. Do not ingest or inhale. Discard contaminated shoes.
Storage: Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible substances. Corrosives area. Store protected from moisture.
Section 7: Exposure Controls/Personal Protection
Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a safety shower. Use adequate ventilation to keep airborne concentrations low.
OSHA Vacated PELs: Lactic acid: No OSHA Vacated PELs are listed for this chemical. Lactic anhydride: No OSHA Vacated PELs are listed for this chemical.
Personal Protective Equipment
Eyes: Wear chemical splash goggles.
Skin: Wear appropriate protective gloves to prevent skin exposure.
Clothing: Wear appropriate protective clothing to minimize contact with skin.
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever workplace conditions warrant respirator use.
Section 8: Physical and Chemical Properties

Physical State: Liquid
Appearance: colorless to slight yellow
Odor: odorless
pH: <1
Vapor Pressure: 0.0813 mm Hg @ 25 deg C
Vapor Density: Not available.
Evaporation Rate: Not available.
Viscosity: Not available.
Boiling Point: 122 deg C @ 15 mm Hg
Freezing/Melting Point:17-33 deg C
Decomposition Temperature: Not available.
Solubility: Soluble.
Specific Gravity/Density:1.2
Molecular Formula:C3H6O3
Molecular Weight:90.08
Section 9: Stability and Reactivity Data

Chemical Stability: Stable at room temperature in closed containers under normal storage and handling conditions. Hygroscopic: absorbs moisture or water from the air.
Conditions to Avoid: Excess heat, exposure to moist air or water.
Incompatibilities with Other Materials: Metals, strong oxidizing agents, strong reducing agents, strong bases, nitric acid, iodides.
Hazardous Decomposition Products: Carbon monoxide, carbon dioxide.
Hazardous Polymerization: Will not occur.
Section 10: Toxicological Information
RTECS#:
CAS# 50-21-5: OD2800000
LD50/LC50:
CAS# 50-21-5:
Draize test, rabbit, eye: 750 ug Severe;
Draize test, rabbit, skin: 5 mg/24H Severe;
Draize test, rabbit, skin: 100 mg/24H Moderate;
Oral, mouse: LD50 = 4875 mg/kg;
Oral, rat: LD50 = 3543 mg/kg;
Skin, rabbit: LD50 = >2 gm/kg;
Carcinogenicity:
CAS# 50-21-5: Not listed by ACGIH, IARC, NTP, or CA Prop 65.
Epidemiology: No information found
Teratogenicity: No information found
Reproductive Effects: No information found
Mutagenicity: Mutation in bacteria.
Neurotoxicity: No information found
Section 11: Ecological Information

Ecotoxicity: Fish: Pseudomonas putida

Lactic acid


Treated whey
(Concentrated, protein removal)


LAB culture 


Media
KH2PO4  (0.5 g/l)
MnSO4.4H2O  (0.05 g/l)
MgSO4.7H2O  (0.2 g/l)
yeast extract  (10 g/l)
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