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Abstract:  Different concentrations of propionic and valeric acids were tested for copolymer [P HB-CO-

HV)] production by R. eutropha ATCC 17697 and A. latus ATCC 29712 at different ratios of acid to

sugar using shake flasks as a batch culture. In this culture the highest copolymer production by A. latus

ATCC 29712 and R. eutropha ATCC 17697, after 96 and 40 h incubation period, were decreased with

increasing the ratios of P/S or V/S and P/G or V/G, respectively. The highest values of copolymer

concentration, content and productivity for both strains were noticed at different ratios of organic acid to

sugar which containing 2.5 gl  organic acid being 0.66 & 0.48 (mol mol ) for P/S and V/S in the case-1 -1

of first organism and being 0.35 & 0.25 (mol mol ) for P/G and V/G ratios in the case of second-1

organism. On contrast, increasing the ratio of organic acid to sugar led to increase the mole percentage

of HV fraction and decrease the concentration of HB fraction as well as melting temperature of copolymer

produced by both strains.  Copolymer production by both strains was carried out at the best ratio of P/S

or P/G (0.66&0.35 mol mol ) using bioreactor as a batch, two-stage and fed batch cultures. In batch-1  

culture, both strains grow exponentially during the first80 hof incubation period and gave the highest

Values of cell dry weight and consumed sugar at the end of fermentation period (100 h). A. latus ATCC

29712 gave copolymer content and productivity higher than R. eutropha ATCC 17697, which increased

about 1.86 % and 62.5 %, respectively, than that obtained after 96 h in shake flask experiments. Under

nitrogen limitation condition of two-stage batch culture, A. latus ATCC 29712 gave higher values of

copolymer content (52.41%), synthesis rate (0.021 gg h ) than that obtained under nitrogen sufficient after-1 -1

28 h incubation period. Also, the maximum value of copolymer concentration and content were obtained

by R. eutropha ATCC 17697 after 40 h under nitrogen limited conditions being 5.16 and 45.14 %,

respectively, which increased by 8.75 and 6.13 fold than that obtained in batch technique. Slight increase

in cell dry weight and gradual decreased in residual cell productivity were observed by both strains during

the period of applying nitrogen limitation, in pH-state Fed batch culture, with high cell density (70 gl ).-1

Whereas the highest copolymer content of 58.44 % & 33.34%,  copolymer concentration of 56.41 &35.45

gl , copolymer synthesis rate of 0.031 & 0.0067 gg h  and productivities of 1.24 &0.47 gl h  were-1 -1 -1 -1 -1

obtained by A. latus ATCC29712 and R. eutropha ATCC 17697 after 45 and 75 h incubation period. The

maximum values of HV fraction being 12.81 and 16.24 % were observed in copolymer produced by R.

eutropha ATCC 17697 and A. latus ATCC 29712 after 90 & 40 h incubation period, respectively.

Key words: Valeric and propionic acids, Polyhydroxybutarate (PHB). Poly hydroxybutrate-co-

hydroxyvalerate P (HB-co-HV), Alcaligenes latus , Ralstonia eutrophus, Batch culture, Two

stage batch and fed batch.

INTRODUCTION 

Most PHB- accumulating bacteria produce a

homopolyester of 3-hydroxybutrate (3HB) when grown

on sugars. When suitable organic acid precursors are

provided with the major carbon source, some of these

bacteria are also able to produce P (HB-co-HV). These

polymers are produced from fatty acids such as

propionic, valeric and pentanoic acids as carbon

sources. The copolymer, P (HB-co-HV), is more

valuable than the homopolymer, PHB, because P (HB-

co-HV) has more useful properties, particularly in terms

of crystal, more flexible, melting point and other

physical properties and biodegradability .[2,1,12,13]

A.eutrophus was used for the commercial production of

P (3HB) and P (3HB-co-3HV), which accumulates a

large amout of polymer (up to 80% of dry cell weight)

when nitrogen or phosphorus is completely

depleted . Also, Protomonas extroquens and[10,11]

Pseudomnas oleovorans, produce  PHA  more
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efficiently when a nutrient is limited but not completely

depleted  stated that there was no change in the[18,15]

molecular weight of PHB synthesized by A.eutrophus

when the supply of carbon source, butyric acid, was

maintained constant. Propionic acid has been used as

a co-substrate for the production of copolymer P (3HB-

co-3HV). Since propionic acid is about twice as

expensive as glucose, the price of P (3HB-co-3HV) is

inevitably higher than that of P (3HB). Kim et al.[8]

cultivated A.eutrophus NCIMB 11599 to produce poly

(3-hydroxybutyric-co-3-hydroxyvaleric acid), P (3HB-

co-3HV), from glucose and propionic acid by a two-

stage, fed-batch culture technique. They found that

3HV fraction in the copolymer increased with

increasing the ratio of propionic acid to glucose (P/G

ratio), resulting in 14.3 mol % of 3HV at the P/G ratio

of 0.52 (mol mol ). Chua et al.  and Kelley and-1 [3]

Srienc  reported that, final copolymer composition, dry[7]

cell mass and productivity of PHA are dependent on

the ratio of propionate (or valerate) to the major carbon

source in the feed. The 3HV fraction in the copolymer

increases with the increasing ratio of propionate (or

valerate) to the major carbon source. However, the

optimal ratio should be determined, since elevated

levels of these acids inhibit cell growth and

consequently PHA productivity. In A.eutrophus P(3HB-

co-3HV) is synthesized if propionic acid is used alone

or in combination with another substrate. Slater et al.[19]

reported that, intracellular propionate is converted to

propionyl -CoA by propionyl-CoA synthetase, which is

usually converted to the Krebs-cycle intermediate

succinyl-CoA subsequent reactions catalyzed by

propionyl-CoA carboxylase, metylmalonyl-CoA

recemase and methylmalonyl-CoA mutase. The

biosynthetic B-Ketothiolase catalyzes the condensation

of propionyl-CoA with acetyl-CoA to 3-Ketovaleryl-

CoA, which is then reduced to D - (-) - 3-

hydroxyvaleryl - CoA by the acetoactyl - CoA

reductase. The hydroxyvalerylmoiety is then covalently

linked to the growing chain of polyester by the PHA

synthase.

In the present investigation A.latus ATCC 29712

and R.eutropha ATCC 17697 were cultivated to

produce poly (hydroxybutyrate-co-hydroxyvalerate), P

(HB-co-HV), on productive medium containing the best

carbon source and applying the suitable fermentation

strategies as recommended by El-Sayed et al.  for[5]

PHB production.

MATERIAL AND METHODS 

Bacteria Used: A lyophilized cultures of Ralstonia

eutrophus ATCC17697   (formerly Alcaligenes

eutrophus) and Alcaligenes  latus ATCC 29712 were

obtained from American Type Culture Collection,

University Boulevard, Manassas, Virginia U.S.A. Both

strains were subcultured on nutrient agar slants,

maintained at 5°C and transferred monthly on fresh

slants.

Media Used: - Med. 1: -Nutrient agar medium  was[4]

used for preservation of alcaligenes cultures.

- Med. 2: Kim et al.  was used for standard[9]

inoculums preparation of alcaligenes strains for

bioreactor experiments. It consists of (g1 ): glucose,-1

4 2 4 2 4 2 4 210;(NH ) SO 1.0;KH PO 1.5 ; Na HPO . 12H O,9.0; Mg

4 2SO .7H O,0.2 Trace element solution, 1 ml. The pH of

the medium was adjusted to 6.8 with NaOH.

- Med. 3: Kim et al.  was used for production of[8]

bioplastic by alcaligenes cultures. It consists of  (g1 ):-1

4 2 4 2 4g l u c o s e , 2 0 ;  ( N H ) S O  , 4 . 0 ;  K H P O ,

4 213.3;MgSO .7H O,1.2; citric acid, 1.7;Trace element

4 2solution, 10 ml. Glucose and MgSO -7H O were

autoclaved separately then added aseptically to the

medium. The pH of the medium was adjusted to 6.8

with NaOH. The trace element solution contained (g1-

4 2 4 2) :  F e S O . 7 H O , 1 0 g ;  Z n S O . 7 H O , 2 . 2 5 g ;1

4 2 4 2C u S O . 5 H O , 1 . 0 g ;  M n S O . 4 - 5 H O , 0 . 5 g ;

2 2 2 4 7 2C a C 1 . 2 H O , 2 . 0 g ;  N a B O . 1 0 H O , 0 . 2 3 ;

4 6 7 24(NH ) Mo O ,0.1g; 35% HCl, 10 ml.

- Med. 4: Nutrient-rich- medium . This medium[3]

was used for seed culture of tested strains in fed batch

experiments and its propagation during first stage of

two-stage batch culture for 24h. It consists of (g1  tap-1

water): yeast extract, 10; polypeptone, 10; meat extract,

5.0; and ammonium sulfate, 5.0. The pH medium was

adjusted to 7.0.

Standard Iinoculums: Standard inoculum was prepared

by inoculation of 250 ml volume flasks each containing

100 ml of Med.2 or Med. 4 with a loop of tested

culture. The inoculated flasks were incubated on rotary

shaker (150 rpm) for 24-48 hours at 30ºC. The content

of these flasks were used for preparation of standard

inoculums (1ml contained 3.5: 6 X 10 viable cells). for5 

shake flasks and fermentor experiments as a batch

culture.

Fermentation: 

Shake Flasks Experiments: This experiment was

designed to detect the optimum concentration of

propionic or valeric acid to be added to major sugar

for high production P (HB- co-HV) by Ralstonia

eutropha ATCC 17697 and Alcaligenes latus

ATCC29712. Therefore, trials were done to replace the

major carbon source by mixture of sugar and propionic

or valeric acid. The amounts of acid increased with

decreasing of sugar concentration to give 20 gl , the-1

final concentration of carbon source mixture. The

amount of organic acid in the mixture ranged from 2.5
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to 17.5 gl  which corresponded to P/G (propionic acid-1

/ glucose), V/G (valeric acid / glucose), P/S (propionic

acid / sucrose) and V/S (valeric acid   / sucrose) ratios

ranged from 0.35-17.02, 0.25-12.35, 0.66-32.34 and

0.48-23.46 (mol acid  mol  sugar), respectively. The-1

propagation was carried out using shake flasks as batch

culture and two-stage batch culture (the first step was

done in med.4) for Alcaligenes latus ATCC 29712 and

Ralstonia eutropha ATCC 17697, respectively as

designed by El-Sayed et al. . Cell and polymer dry[5]

weight, HB mol %, HV mol % and melting

temperature(Tm) were measured. Copolymer content

(%) and productivity were calculated.

Bioreactor Experiments: In the present work 3L

dished bottom bioreactor Z6110 / Coob ( Cole-Parmer

Instrument )  was used, which consists of 3 liter vessel

equipped with lipseal stirrer assembly, automatic pH

2 2controller, automatic dissolved O  controller, CO

controller, automatic temperature controller, foam

controller and multi- channel peristlaic pump (for

feeding). The PHAs producing bacteria were grown in

the bioreactor as batch, two-stage batch and fed-batch

cultivation.The productive medium was contained the

best ratio of organic acid to sugar as a carbon source.

Bioreactor as a Batch Culture (One-stage) In this

experiment the fermentation vessel containing 1980 ml

productive medium was autoclaved at 121°C for 20

min. The bioreactor was inoculated with 1% standard

inoculum of tested strains. The final working volume

was 2 liter. Initial pH was adjusted to 7± 0.1 which

was not controlled during the fermentation period.

2Temperature, dissolved O  and speed of agitation were

kept at 30°C, 20 % of saturation and 750 rpm

respectively during batch cultivation.

During fermentation, pH was automatically

recorded and samples (10-20ml) were withdrawn from

the culture (fermentation vessel) every 20 hours. The

samples were centrifuged at 15000 xg for 4 min at

4°C. The sediment (biomass) was washed twice with

distilled water and then dried at 70°C to constant

weight. Polymer in samples was precipitated and

determined. Residual sugar, organic carbon and

ammonia were determined in supernatant. Growth and

copolymer parameters were calculated.

Bioreactor as Two-stage Culture: The production of

copolymer was carried out by two-stage cultivation. In

the first stage, sterile conical flasks (250 ml in volume)

containing 100 ml nutrient-rich medium (Med.4) were

inoculated with 1 ml standard inoculum of tested

strains, then incubated  at 30°C for 24 h on rotary

shaker (150 rpm) in order to get a luxurious growth.

The  cells  were   harvested by centrifugation at15000

X g for 4 min and washed twice with sterile distilled

water to remove any residual nitrogenous matter. About

6 or 7 g of harvested washed cells was resuspended in

sterile med.4 and used to inoculate the fermentation

vessel   to give final working volume of 2 L sterile

med.3 at the optimum ratios of P/G and P/S under

nitrogen-sufficient or nitrogen-limited conditions during

second stage of cultivation. The propagation,

microbiological and chemical analyses were done as

mentioned before.

Bioreactor as Fed-batch Culture: A 3 L capacity

bioreactor was used throughout this investigation as

described before. The initial volume was 1200 ml

medium 3 (free carbon & weight of Alcaligenes  latus

ATCC 29712 or Ralstonia eutropha ATCC 17697,

respectively, which were prepared as mentioned before.

Temperature was kept at 30°C ± 1°C during

cultivation. Initial pH was adjusted to 7± 0.1 and

controlled during fermentation period. Speed of

agitation was 750 rpm. Dissolved oxygen concentration

was measured with a dissolved oxygen concentration

meter and maintained at above 20 % of air saturation.

In this experiment, R. eutropha ATCC 17697 and

A. latus ATCC 29712 were cultivated on med.3 to

produce P(HB-co-HV) by pH-stat fed-batch culture and

feeding with solution containing propionic acid plus

glucose or sucrose at P/G or P/S ratios of 0.35 or 0.66

(mol mol ), respectively. Nitrogen limitation was-1

applied when cell concentration of A. latus 

ATCC29712 and R.eutropha ATCC17697 reached

about 70 gl  after 23.5 and 37 fermentation period,-1

respectively, as recommended by El-Sayed et al  for[5]

PHB production.

Chemical Determination:

Analysis of Copolymer by Gas Chromatography:

The composition of copolyester was determined with

gas chromatography, Laboratory Center, Faculty of

Agriculture, Ain Shams University, Shaubra El-Khiema,

Cairo, Egypt, as following, culture broth (10 ml) was

sampled and centrifuged at 15000 X g for 4 min. The

settled cells were washed with distillated water and

centrifuged again. The settled cells were then

resuspended in a mixture containing 2 ml of methanol

with 3% of concentrated sulfuric acid and 2 ml of

chloroform with 2 mg/ml of benzoic acid as internal

standard. The sample was placed in a closed test tube

and heated at 100°C for 3 h to convert the HB and

HV constituents into their methylesters. The

composition of these extracts was then analyzed by gas

chromatographic techniques. The analytical procedure

was according to that described by Chua et al. .[3]
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Melting temperature was performed by using an

Electrothermal (Heraeus 250°C) apparatus . Total[23]

organic carbon in fermented liquor was determined

using another one method according to Trevelyan and

Harrison . Total sugars were determined in the[20]

fermented liquor according to the method of Flood and

Preistly .[6]

Calculations: Specific production rate of copolymer

( p) was calculated according to Painter and Marr .µ [14]

Copolymer content (percentage of copolymer dry

weight per cell dry weight), Productivity (P) and PHB

synthesis rate were calculated according to Wang and

Lee . Sugar utilization efficiency (%) and[21,22]

conversion coefficient (%) were calculated according to

Ramadan et al. . Residual cell concentration was[17]

calculated according to Lee .[11]

RESULTS AND DISCUSSION

Effect of Different Ratios of Organic Acid to Sugar

on Copolymer Production:

Shake Flasks Techniques: This experiment was

performed to find out the suitable ratio of propionic or

valeric acid to major carbon source (sucrose or

glucose) of med.4 for copolymer, P(HB-co-HV),

production by A. latus ATCC 29712 and R. eutropha

ATCC 17697 using shake flasks as a batch and two-

stage batch culture techniques, respectively. The results

of copolymer production illustrated by Figs. (1&2)

show that  the homopolymer of PHB (0 % HV) was

produced from glucose and sucrose as a sole carbon

sources, respectively, where the highest PHB

concentration and  PHB content were obtained by R.

eutropha ATCC 17697 and A. latus ATCC 29712 after

40 and 96 h incubation being 7.34 gl , 55.99 % and-1

4.01 gl , 50.44 %, respectively. In contrast, a-1

copolymer was produced when propionic acid (P) or

valeric acid (V) was added to the glucose (G) or

sucrose (S) with different concentrations. Both cell dry

weight and copolymer concentration decreased in the

presence of organic acid to record the lowest values in

media containing 2% propionic or valeric acid as a sole

carbon source. This may be due to the toxicity of

organic acid in culture medium as previously described

by Yu et al.  and Shimizu et al. . The highest[23] [18]

values of copolymer concentration, content and

productivity were obtained by A. latus ATCC 29712 in

media containing P/S ratio of 0.66 and V/S ratio of

0.48 being 2.31 gl , 37.20 % & 0.024 gl h  and 1.86-1 -1 -1

gl , 30.44 % & 0.019 gl h , respectively. Increasing-1 -1 -1

the ratios of P/S and V/S from  led to decrease

copolymer concentration by A. latus ATCC 29712 after

96 h to reach the lowest value at the 32.94  ratio of

32.34 and 23,46 (mol moL ), respectively-1

The highest values of copolymer concentration of

4.03 & 4.16 gl , copolymer content of 39.78 & 41.64-1

% and productivities of 0.063 & 0.065 gl h  were-1 -1

obtained by R. eutropha ATCC 17697, after 40 h

fermentation period, when P/G and V/G ratios were

0.35 and 0.25 (mol  mol ), respectively, showing-1

reduced production with increasing these ratios. 

It is also could be noticed that the composition of

copolymer was influenced by the concentration of

organic acid as well as the ratio of organic acid to

sugar in culture, where, The hydroxybutyrate (HB)

fraction in copolymer, produced by both strains,

decreased with increasing the ratio of organic acid to

sugar, whereas hydroxyvalerate (HV) fraction increased

and recorded the maximum value when organic acid

was used as a sole carbon source. At P/S ratio of 0.66,

the mole concentration of HB and HV fractions of

copolymer produced by A. latus ATCC 29712 were

87.44 % and 12.56 %, while they were 86.89 % and

13.11 at V/S ratio of 0.48, respectively.The

corroponding figures of HB –HV fractions in R.

eutropha ATCC 17697 copolymer were 87.79%

&12.21% at P/G ratio of 0.35 & 86.88 % & 13.12 %

at V/G ratio of 0.25.

With respect to melting temperature (Tm) of

copolymer produced by both strains, data also revealed

that it was decreased with increasing the mol

concentration of HV fraction in copolymer. The highest

values of Tm were recorded for PHB produced when

sugars such as glucose or sucrose were provided as a

sole carbon source. Tm of PHB was 175°C and that of

copolymer with highest HV mol fraction ranged from

50.61 to 61.24 which was produced by both strains in

the presence of 20 gl  propionic or valeric acid, was-1

decreased and ranged from 115 to 95°C.

These results are in the line with that observed by

Chua et al.  who stated that the changes of 3HB and[3]

3HV mol fraction in the accumulated copolyesters were

attributed to the beta-oxidation metabolic pathway for

5 fatty acids. When C (valeric acid) was used as the sole

carbon source, acetyl-CoA and propionyl-CoA were

produced from 3-Keto-valeryl-CoA and both 3HB and

53HV monomeric units were produced. Also C

concentration in the medium could be an effective

means to control the 3HV mol fraction and mechanical

properties of the copolyesters because high value of

Tm meaning high crystallinity resulting in high

stiffness and brittleness. 

From the previous results, it could be noticed that

the different ratios of organic acid to sugar which

containing 2.5 gl organic acid, recorded the highest-1 

production of copolymer by both strains. Using 2.5 gl-1

valeric acid led to produce copolymer containing higher

concentration of HV fraction (13.0 %) than that

produced in the presence of propionic acid (12 %). But
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Fig.1: Effect of different ratios of Propionic or valeric acid to sucrose  (mol mol ) on the growth of A .latus-1

ATCC 29712 and copolymer  concentration during 120 h as well as  copolymer content and productivity

after 96 hours incubation at 30 C using shake flasks as a batch culture (S= Sucrose, P= Propionic acid,o

V= Valeric acid). 
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Fig. 2: Effect of different ratios of propionic acid or valeric acid to glucose (mol mol ) on the growth of-1

R.eutropha ATCC  17697,copolymer concentration, during 44 his as well as copolymer content and

productivity after 44 hours incubation at 30 C using shake flasks as a two stage batch culture (G=o

Glucose, P= Propionic acid, V= Valeric acid). 
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the latter will be used in the further experiments in

order to obtain high copolymer productivity with low

cost by R. eutropha ATCC 17697 and A. latus ATCC

29712.

Bioreactor as a Batch Culture: The production of

copolymer, P(HB-co-HV), was studied by cultivating R.

eutropha ATCC 17697 and A. latus ATCC 29712 on

med.3 at P/G and P/S ratios of 0.35 and 0.66 (mol

mol ), respectively, in bioreactor as a batch culture.-1

Data illustrated by Fig (3) show that both strains grow

exponentially during the first 80 h of incubation period

and gave the highest value of cell dry weight during

80-100 h period ranging from 7.91 to 8.02 gl for A.-1 

latus ATCC 29712 and from 8.02-8.11 for R. eutropha

ATCC 17697. The calculated culture characteristic

during exponential phase recorded that the specific

growth rate, doubling time, number of generation were

0.063 h , 11.0 h & 7.27, respectively for first strain,-1

whereas they were 0.070 h , 9.9 h and 8.08,-1

respectively, for second strain. During fermentation

period, the pH values were decreased from 7.0 to 5.8

by both strains. Also, total organic carbon in culture

broth decreased gradually to reach the lowest value as

well as recording the highest value of consumed carbon

and carbon utilization efficiency after 100 h incubation

period.

Data also revealed that the production of

copolymer by A. latus ATCC 29712 was increased

gradually during fermentation period whereas it was

delayed to start after 40 h incubation period by R.

eutropha ATCC 17697 after nitrogen exhaustion. So,

the former organism gave copolymer content,

productivity, conversion coefficient and yield of

copolymer higher than the latter. The highest

copolymer concentration of 3.09 & 0.59 gl , copolymer-1

content of 39.06  & 7.36 % of cell dry weight,

productivity of 0.039 & 0.007 gl h , conversion-1 -1

coefficient of 32.80 & 5.86 % and copolymer yield of

18.92 and 3.60 % were obtained by A. latus ATCC

29712 and R. eutropha ATCC 17697, respectively,

after 80 h incubation period.

Comparing the previous results with those obtained

in shake flasks experiments, it could be noticed that

using batch bioreactor technique reduced the production

period from 96 to 80 hours and increased the

copolymer concentration (gl ), content (%) and-1

productivity (gl h ) about 33.77 %, 1.86 % and 62.5-1 -1

%, respectively by A. latus ATCC 29712 in med.4 at

P/S ratio of 0.66 (mol mol ) than batch flasks-1

technique. On contrast, this technique gave lower

copolymer production by R. eutropha ATCC 17697

than two-stage batch flasks technique under nitrogen

limitation condition. So, two-stage batch bioreactor

technique will be carried out to secure high copolymer

production by both strains.

Bioreactor as a Two-stage Batch Culture: Comparing

the copolymer production by A. latus ATCC 29712

cultivated in bioreactor as a two-stage culture on med.4

at P/S ratio of 0.66 (mol mol ) under nitrogen-1

sufficient with that on nitrogen limited condition, it

could be noticed that the latter conditions recoded the

higher values of  copolymer  content (52.41 %),

synthesis  rate (0.021 gg h ) and conversion coefficient-1 -1

(52.31 %) than the former condition, after 28 h

incubation period. While vice versa was true for cell

dry weight, residual cell and consumed carbon, as

shown in Fig (4). Also, a high mole concentration of

HV fraction was observed in copolymer produced

under nitrogen limited condition being 12.51 %.

Regarding the accumulation of copolymer in R.

eutropha  ATCC  17697  cells,  data illustrated by Fig.

(5) show that the total cell dry weight and copolymer

concentration increased gradually and reached

maximum values of 11.43 and 5.16 gl  at 40 h with-1

0.08 gl h  productivity and decreased towards the end-1 -1

of cultivation. However, the residual cell concentration

did not increase under nitrogen-limited conditions

suggesting no further cell growth. Copolymer content

increased sharply during the first 24 h incubation and

then gradually increased to reach the maximum value

after 40 h being 45.14 %. The HV mol % increased

gradually to reach the maximum values being 16.28

mol % at 24 h and then decreased gradually to the end

of fermentation period. These results are in agreement

with Slater et al. , who reported that the HV content[19]

of the copolymer would quickly reach a maximum

(because of high propionate and high glucose) but

would thereafter slowly deceases as the propionate and

glucose levels decreased.

It can be generally concluded from the previous

results that   the highest   production   of copolymer

was  obtained  by.  R.  eutropha  ATCC  17697  and

A. latus ATCC 29712 on med. 4 at P/G ratio of 0.35

and P/S ratio of 0.66 (mol mol ) under nitrogen-1

limitation conditions using bioreactor as a two-stage

culture. Although, the copolymer content and

concentration of R. eutropha ATCC 17697 were lower

than of A. latus ATCC 29712, they increased by 8.75

and 6.13 fold than that obtained in batch bioreactor

technique by the same strain. Thus, the following

experiments were run to study employing a new

feeding strategy, pH-stat fed-batch culture under

nitrogen limitation condition, for high production of

copolymer with high productivity.
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Fig. 3: The growth and copolymer [P(HB-co-HV)] production by A. latus ATCC 27912 and R. eutropha ATCC

17697 on   med.4 containing P/S= 0.66 and P/G= 0.35, respectively, during 100 hours incubation period

at 30 ºC using bioreactor as a batch culture.

Bioreactor as a Fed-batch Culture: Data illustrated

by Figs. (6 & 7) show that gradual increase in cell dry

weight and gradual decrease in residual cell

productivity were observed by both strains, during the

period of applying nitrogen limitation, whereas residual

cell concentration did not increase. The production of

copolymer was increased sharply by R. eutropha ATCC

17697 after the first 40 h under nitrogen limitation and

recorded the highest values of specific production rate

(0.21 &0.13 h ). The highest copolymer concentration-1

and content being 35.44 gl  and 33.34 %  were-1

obtained by this strain after 75 h incubation period.

The corresponding figures for copolymer synthesis rate

and productivity were 0.0067 gg h  and 0.47 gl h ,-1 -1 -1 -1

respectively. These parameters were lower than those

recorded by A. latus ATCC 29712 after 45 h

incubation period being 56.41 gl , 58.44 %, 0.031 gg-1 -

h  and 1.24 gl  h for copolymer concentration,1 -1 -1 -1 

content, synthesis rate and productivity, respectively.

With respect to the values of mole fraction of HB

and HV units, results also showed that the initial value

of mole fraction of HV units was zero because

propionic  acid  was  absent  and  no  HV  units

were produced in the pre-culture of A. latus ATCC

29712. After 40 and 25 h of nitrogen limitation time,

6.34 mol % and 11.53 mol % of HV units were

obtained by R. eutropha ATCC 17697 and A. latus

ATCC 29712, respectively, then increased gradually

and reached to maximum values being 12.81 and 16.24

% after 90 and 40 h incubation period. On contrast,

maximum value of HB mole fraction was observed in

the pre-culture of A. latus ATCC 29712 being 100 %,

whereas it was produced after 40 h of nitrogen

limitation period by R. eutropha ATCC 17697 by 93.66

%. After applying nitrogen limitation conditions, it

decreased gradually and reached a value of 85.19 and

87.19 % after 70 and 90 h fermentation period,

respectively.
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Fig. 4: Growth of A.latus ATCC  29712 and copolymer [P(HB-co-HV)] production on med.4 at P/S = 0.66 under

nitrogen-sufficient and nitrogen limitation condition during 30 hours incubation at 30ºC using bioreactor

as a two-stage batch culture.

Fig. 5: Growth of R.eutropha ATCC 17697 and copolymer [P(HB-co-HV)]  production on med.4 at P/G = 0.35

under nitrogen-limitation condition during 44 hours  incubation at 30ºC using bioreactor as a two- stage

batch culture.
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Fig. 6: Growth of R. eutropha ATCC 17697 and copolymer  production during 90 h incubation at 30°C on

glucose and propionic acid under nitrogen limitation condition   (ammonia feeding was stopped at 37 h)

pusing bioreactor   as a  pH-stat fed-batch culture (µ = specific production rate).

Fig. 7: Growth of A. latus ATCC 29712 and copolymer   production during 70 h incubation at 30°C on sucrose
and propionic acid under nitrogen limitation condition (ammonia feeding was stopped at 23.5 h) using

pbioreactor as a pH-stat fed-batch culture (µ = specific production rate).
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