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Table 1. Growth Medium for Alcaligenes eutrophus.

Component

Amount

Peptone (Merck, Germany)
Yeast extract (Merck, Germany)

NaCl (Merck, Germany)

Distilled water (Beta Shimi Pars)

0.10 g
05¢g
05¢g
100 ml
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Table 2. Composition of Seed Culture Medium

Component

Concentration (g/L)

NaHPO4-12H-0 (Biochem, France)

KH:PO4 (Merck, Germany)
(NH4)2SO4 (Merck, Germany)
MnSO4-5H-0 (Merck, Germany)
MgS04-7H-0 (Merck, Germany)
ZnS04-7TH20 (Merck, Germany)
K2SO4 (Merck, Germany)

H;BOs (Merck, Germany)
CuS0.-5H20 (Merck, Germany)

35
15
1.35
0.1
0.2
0.08
2.2
0.02
0.08
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Table 3. Experimental Design with Variables and Their Types

Experiment No.

Fatty Acid Process Type

18

AA B
AA F-B
AA B
AA F-B
AA B
AA F-B
AP B
AP F-B
AP B
AP F-B
AP B
AP F-B
AA-AP B
AA-AP F-B
AA-AP B
AA-AP F-B
AA-AP B
AA-AP F-B
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Table 4. Technical Specifications and Operational Conditions of the Gas Chromatography Instrument Used

Fbb Sllos byl
oliws Jow Varian CP 3800
Oy E¢ Capillary cp-sil 8 cp
g Job 30m
O SS10 a3 I
Jecen FID
Jol> 55 H:

B N T S 30 mL/min
eSS slos 180 °C
1955 5 slod 150 °C

Ogw adgl slod 80 °C

adgl o 1 min
Ramp 1 25 °C/min

W sl 150 °C

1 min
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Table 5. Production Values of Hydroxybutyrate-Hydroxyvalerate Copolymers with Respect to Variables and Their Types

Process Type Fatty Acid Experiment No. PHA (%) CDW (g/L) HV (%) HV(g/L) HB(g/L)
B AA 1 76 10.4 17 0.5166 2.6040
F-B AA 2 84 10.5 19 0.7940 3.4860
B AA 3 76 8.4 17 0.5145 2.5838
F-B AA 4 84 115 19 0.7922 3.4790
B AA 5 75 16.4 17 0.5150 2.5910
F-B AA 6 84 7.5 19 0.7891 3.4683
B AP 7 69 3.30 9 0.2234 2.0532
F-B AP 8 78 3.92 11 0.3234 2.7180
B AP 9 67 3.36 9 0.2135 2.0428
F-B AP 10 79 3.82 11 0.3198 2.7115
B AP 11 69 3.30 9 0.2121 2.0487
F-B AP 12 77 3.92 11 0.3201 2.7142
B AA-AP 13 77 3.50 15 0.3995 2.3040
F-B AA-AP 14 81 4.50 14 0.4961 3.1584
B AA-AP 15 76 3.53 15 0.3924 2.2995
F-B AA-AP 16 81 4.48 13 0.4890 3.1516
B AA-AP 17 77 3.47 14 0.3859 2.3006
F-B AA-AP 18 80 4.53 13 0.4846 3.1498
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Table 6. Calculated Pv Values for Hydroxybutyrate-Hydroxyvalerate Experimental Data Using Full Factorial Design

Variable Pv Hydroxyvalerate Pv Hydroxybutyrate
Carbon source 0.000 0.001
Fatty acid 0.000 0.018
Process type 0.000 0.000
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Figure 1. Overall Effect of Carbon Source, Fatty Acid, and Process Type on Hydroxybutyrate Production
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Polyhydroxyalkanoates (PHASs), as biodegradable polymers, are considered promising
alternatives for reducing the environmental impacts of waste. These compounds are
accumulated intracellularly by microorganisms under stress conditions caused by nutrient
limitation in the presence of excess carbon sources. Among them, hydroxybutyrate
copolymer is the most well-known member of this family. Their production is generally
based on the consumption of soluble organic substrates such as volatile fatty acids, which
lead not only to hydroxybutyrate formation but also to hydroxyvalerate production. This
study aimed to evaluate the effect of gradual fatty acid addition on improving production
yield and reducing carbon source consumption. The strain Alcaligenes eutrophus was
obtained from a microbial culture collection, and carbon sources included glucose and
fatty acids (acetic acid, propionic acid, and their equal-weight mixture). To assess the
impact of carbon sources, batch and fed-batch processes were compared. Experimental
design was conducted using Minitab software with a two-way ANOVA approach.
Cultures were grown in shake flasks containing 50 mL of medium, with 5 mL of inoculum
added. In the fed-batch process, fatty acids were added stepwise at 24, 45, and 50 hours to
prevent substrate inhibition. Incubation conditions were 32°C, 120 rpm, and 72 hours.
Results showed maximum hydroxybutyrate (3.486 g/L) and hydroxyvalerate (0.794 g/L)
production under acetic acid and fed-batch conditions. This approach increased

hydroxyvalerate production by approximately 17% and improved resource efficiency.
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