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Abstract: In the present research, whey was used as useful substrate which retained from permeates of dairy
mdustry. The obtained whey was hydrolyzed to cleave its main carbon source, lactose to glucose and
galactose. The hydrolyzed products were chosen as carbon sources for the production of poly-3-hydroxybutyric
acid (PHB) by Azohydromonas lata DSMZ 1123 The biosynthesis of PHA copolyesters contaiming
3-hydroxybutyrate (3HB) and 3-hydroxyvalerate (3HY) units from hydrolyzed whey permeate and valerate were
investigated. The application of hydrolyzed whey permeate turmned out to be advantageous compared to
utilization of pure sugars. Therefore, fermentation under controlled conditions (agitation rate of 250 rpm, 18 h
incubated inoculum, 72 h fermentation time and temperature set at 30°C) was performed. As a result, maximum
amount biopolymer obtained wasl.66 g/l.. The biopolymer consisted 1.21 and 0.45 g/1. of P(3HB) and P(3HV),

respectively.
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INTRODUCTION

Polyhydroxyalkanoates  (PHAs)  are
polyesters that have received great interests in recent
PHAs have been considered to be good
substitutes

bacterial

years.
for petroleum-derived synthetic plastics
showing smmilar properties as synthetic polymers and
furthermore they degrade after disposal [1, 2]. PHAs are
synthesized by several bacterial species and accumulated
as energy and/or carbon storage materials, usually when
supplementary nutritional factors such as mnitrogen,
phosphorus, potassium, oxygen, sulfur or magnesium are
limited in the presence of an excess carbon source [3, 4].
PHAs are divided into three categories depending on the
number of carbon atoms in their monomer units; short
chain-length (SCT.), medium-chain-length (MCL,) and long
chain-length (I.CT.). The three categories, SCL., MCL and
LCL are composed of hydroxyl acids with 3-5, 6-14 and

more than 14 carbon atoms, respectively [2, 5]. The
flexibility of the enzymes which are responsible for PHA
production, to incorporate monomers of various length
lead to a family of biopolyesters with many structural
possibilities and a wide-range field of applications [6].
Whey 15 the major by-product of cheese production
processes, representing 80-90 % of the volume of milk
transformed [7, 8]. Only half of the whey produced 1s
employed for its transformation into useful products such
as food ingredients and human and amimal feed, whereas
the rest is encountered as a pollutant due to its high
biological oxygen demand Whey has been used for PHB
production using Azohydromonas lata DSMZ 1123,
either in batch cultures [9, 10] or in laboratory scale
fermenters [8, 10-13]. The possibility of direct conversion
of whey lactose to PHA, using the wild type stains of
Hydrogenophaga  pseudoflava  DSM 1034 and
Sinorhibium melitoti 41 have been investigated [14].
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Recently, the ability of the
Haloferax mediterranei Eubacterial,
Pseudomonas hydrogenovora and Hydrogenophaga
pseudoflava to utilize whey for PHA production was
studied [15, 16].

On the other hand, whey 1s an attractive and potential
raw material for PHA production but the mability of most
PHA bacteria to utilize lactose, has been restricted to its
use as a carbon source [17].

The purpose of this research work was to synthesis
PHAs by 4. lata DSMZ, 1123 with sufficient source of
carbohydrates, in a medium mainly consisted of whey
(lactose) as source of energy. PHAs

halophilic  archaeon,

as  well as

sole were
accumulated insides the cell bodies of 4. late under

optimal media and growth conditions.
MATERIALS AND METHODS

Maintenance of Stock Culture: The bacterial strain used
in the present study was Azohydromonas lata DSMZ,
1123, Tt was maintained on Luria Agar slants at 4°C
and sub cultured every 15 days to maintain its viability.

Media: Whey was obtained from Gela Industry (Amol,
Tan). Whole whey solution was uniformly acidified by acid
solution (HCL, 5 N) at acidic pH (less than 4) to remove
excessive proteins [17]. The solution was autoclaved at
15psig, 121°C for 15 min, then cooled down to room
temperature, centrifuged at 11,000 x g mn sterilized tubes
for 15 mn to remove aggregated solids. The supernatant
(whey supernatant), was refrigerated for 12 hours and
it was used after adjusting pH to 7 by the concentrated
NaOH solution (5M), as the major constituent of media
for the growth of 4. Iata in all experiments.

Optimization Tests: The seed culture of 4. lata was
incubated at 30°C for 24 h. The resultant cultures were
transferred to a 1000ml flask containing 200 ml seed
culture medium. The flasks were mcubated at 30°C and
agitated at 200 rpm for 10, 15, 20 and 30 h to investigate
the effect of the seed age. The inoculum size was set at
about 10 v%. In order to investigate the effect of
temperature and agitation rates on dry cell weight
(DCW) and PHB accumulation, sever sets of experiments
were conducted at following experimental conditions:
temperature (25, 27, 30 and 33°C), agitation rate (150, 200,
250 and 300 rpm).

Dry Cell Weight: The cell concentration of the cultured
media was determined by the cell optical density at 620
with the aid of a spectrophotometer (UNICO2100, USA)
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after suitable dilution with distilled water. The cell dry
weight was also measured based on standard calibration
curve of absorbance as a function of cell dry weight for
the pure culture of 4. lata.

Biopolymer Extraction: Extraction of biopolymer was
conducted according to the method developed by
Braunegg [7]. For polyester quantification, a 5 ml of
culture broth was centrifuged at 3600 rpm for 20 min.
A solution of 2 mL of chloroform and 2 mL of acidified
methanol (3% sulfuric acid) were added to the cell pellet
in vial with Teflon screw cap and heated at 100°C for 3.5h.

Determination of Total Carbohydrate Concentration:
Supernatant was used for residual nutrient analysis
including total sugar. The method 1s based on total
reducing sugar by reagent of dinitrosalicilic acid (DNS)
method [18]. Standard method was developed using the
reagent for colorimetric methed to detect orange color
using spectrophotometer at wavelength of 580 nm.

Biopolymer Analysis: Gas chromatography (GC) was
performed by using a gas chromatograph (Philips P174400,
18), equipped with flame ionization detector (FID) and
data acquisition system with computer software (Clarity
4.2, Data Apex, Czech Republic), used for the methyl-3-
hyroxybutyrate (3HB) analysis. The GC colummn, capillary
column (BP20 SGE, Australia) with 0.33 mm internal
diameter, 25 m length was used. The column temperature
was 1nitially mamtained at 80 °C for 4 mm, followed by a
temperature program at a rate of 8 °C/muin till 1t reached
160°C, maintained for 3 min and then at a rate of
30°C/min increased to 200 °C. The detector and injector
temperatures were 280 and 250 °C, respectively. The gases
used were helium as a carrier gas with a flow rate of
1.5 mL/min, hydrogen 30 mL/min and air 300 mL/min. The
injection volume size was 1 L. of the prepared samples.

RESULTS AND DISCUSSION

Batch experiments were conducted usmg whey as
major source of maintaming energy for cell metabolisms.
More lactose consumptions may result in ugh PHBs
production. Since the synthesis of PHAs was intracellular
product, high cell concentration may lead to more
biopolymer. Based on literature review, optimal media
composition with suitable carbon source should be in
favor of PHAs production with maximum cell growth of
A. lata. A few process were investigated
for maximum productivity of PHAs. The media
composition was mvestigated i previous experiment [19].

variables
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Fig. 1. Effect of seed age on cell growth and PHAs production (operating conditions:
T = 30°C, agitation rate = 250 rpm).
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Fig. 2. Effect of seed agitation rate on cell growth and PHAs production (operating conditions:
T =30°C, seed age = 18 h).
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Fig. 3:  Effect of temperature on cell growth and PHB production (operating conditions
seed age = 18k, agitation rate = 250 rpm).
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Concentration profile for cell growth, substrate utilization and biopolymers (PHB and PHV) production at

(operating condition: T = 30°C, agitation rate = 250rpm, seed age = 18 h).

The lactose as carbon source was supplied by the
treated whey as low costs and abundant source for
ensuring sufficient cell of 4. lata grow m the selected
media. The effect of seed age on cell growth and
PHAs production 1s illustrated m Figure 1. It was
observed that the cell growth and PHAs accumulation
are gradually mcreased as the seed age reached to 18 h
and then there was slightly decrease. Since seed age of
A. lata was at the mid-exponential phase at 15 h, that
inoculums contained alive and active bacteria. Under
this condition, DCW was 9.2 and 1.66 g/L. of CDW and
biopolymers were obtained.

The effect of agitation rate on growth and PHB
production was investigated. Figure 2 shows at agitation
rate of 250 rpm maximum cell growth and PHB production
were achieved. Agitation rate of higher than 250 rpm cell
lysis oceurred and productivity of PHB was declined.

Figure 3 depicts the effect of media temperature on
cell growth and PHB production. Media temperature effect
on cell growth and PHB production was monitored while
keeping other parameters such seed age at 18 h and
agitation rate of 250 rpm. The results indicated that at
30°C, maximum DCW and biopolymer (PHB and PHV)
were obtained. The concentration of DCW and
biopolymer were 9.35 and 1.7g/L, respectively.

The concentration profile for cell growth, substrate
utilization and biopolymers (PHB and PHV) production at
defined operating conditions: (T = 30 °C, agitation rate =
250 rpm, seed age = 18 h) are shown i Figure 4. The data
shows that about 70% of lactose was converted to
biopolymers and biomass.

CONCLUSION

It was concluded that the pretreated whey was a
suitable substrate for the production of biopolymers
(PHBs and PHVs). The process variables were analyzed
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for maximum productivity of the biopolymers. The optimal
conditions for PHBs and PHVs productions were at 30°C,
agitation rate of 250 rpm and the seed age of 18 h.
Maximum production of biopolymer and CDW were
1.66 and 9.3 g/L, respectively.
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