
P
oly-β-hydroxybutyrate (PHB), produced by several species of bacteria, has

attracted great attention as a biodegradable and biocompatible compound

with almost similar properties of polypropylene. Unfortunately, its use is

currently limited due to high production costs. One of the most common methods for

overcoming this constraint is the use of inexpensive substrates, like methanol.

Another strategy which involves the increase in carbon yield which can directly

affect the production costs. One method to increase carbon yield is the use of mixed

substrates. Therefore, for PHB production the effects of three sources of carbon,

ethanol, sodium acetate, and glucose were studied as substrates in different concen-

trations mixed with methanol. It was found that PHB concentration and PHB content

increased by addition of ethanol and acetate, but glucose addition did not have any

significant effect on PHB production. Calculation of carbon yield under the best con-

dition indicated that it increased about 3 times by addition of acetate.
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00/0

00/0

00/0

02/22

00/0

00/0

00/0

00/0

00/0

00/0

55/5

01/11

02/22

00/0

00/0

00/0

04/7

00/0

00/0

00/0

00/0

58/1

07/3

04/7

00/0

00/0

00/0

07/3

00/0

00/1

00/0

00/0

52/0

05/0

01/0

00/0

00/0

00/0

00/0

00/0

00/0

05/0

0/1

0/0

0/0

0/0

5/0

5/0

5/0

5/0

5/0

5/0

5/0

5/0

5/0

5/0

M

E

A

G

1E+M

2E+M

3E+M

1A+M

2A+M

3A+M

1G+M

2G+M

3G+M

A+E+M

1

2

3

4

5

6

7

8

9

01

11

21

31

41

ºßê 1 -ìÛ†ü·ú °º~ ì}ýéõ‹†Þ}±üõï …Þ·}±ôÞõˆņ̃0431 ZMSDô

{õèý~ BHP‹ú ô¶ýéú „ó ¬° ìñ†‹Ð Þ±‹ò ì©}éØ.
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…Ö³…ü¼ {õèý~ �éþ|øý~°ôÞ·þ|‹õ{ý±…–| …² ì}†ðõë ‹ú ô¶ýéú  ì}ýéõ‹†Þ}±üõï …Þ·}±ôÞõņ̃̂ô ... ²ø±… ‹ýãî ì©}†°ÿ ¤·ýñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 

Þú ¬° …üò ºßê ì»†ø~û ìþ|ºõ¬€ ‹†Þ}±ÿ ‹ú ¬èýê …üò Þú üà ì}ýéõ{±ôÙ

…̈}ý†°ÿ …¶•€ Ú†‹éý• …¶}×†¬û …² øíú …üò ìñ†‹Ð °… ¬…°¬. ‹ý»}±üò °º~ ¬°

ì}†ðõë€ ‹ý»}±üò ¬°¾~ {œíÐ ¬° …{†ðõë ô ‹ý»}±üò ÒéË• BHP| ¬°

âéõÞõ² ì»†ø~û ìþ|ºõ¬. ôüµâþ Ú†‹éý• …¶}×†¬û …² ìñ†‹Ð Þ±‹ò ì}×†ô–

üà ì³ü• ‹† …°²½ ‹±…ÿ Ö±…üñ~ø†üþ …¶• Þú …² …üò ‹†Þ}±ÿ …¶}×†¬û

ìþ|Þññ~. ²ü±…€ …â± º±…üÇþ �ý¼ „ü~ Þú ð}õ…ó ¶õ‹·}±…ÿ Ö±…üñ~ °… {†‡ìýò

Þ±¬€ ‹† …ð~á {Óýý±…– ìþ|{õ…ó …² ¶õ‹·}±…ÿ ›†ÿ|â³üò …¶}×†¬û Þ±¬.

‹†{õ›ú ‹ú …ìß†ó °º~ ‹†Þ}±ÿ ¬° ¶†ü± ìñ†‹Ð Þ±‹ñþ€  ¬° …üò ìÇ†èÏú ‹±…ÿ

…Ö³…ü¼ {õèý~ BHP|€ …² °…û|Þ†°  ‹ú Þ†°âý±ÿ ¶õ‹·}±…ÿ ì©éõÉ ‹† ì}†ðõë

…¶}×†¬û º~û …¶•.

‹±°¶þ …÷± …¶}×†¬û …² ¶õ‹·}±…ÿ ì©éõÉ

…{†ðõë ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ

ºßê 2 …÷± ÒéË• …{†ðõë °… ‹± ¬°¾~ {œíÐ€ ÒéË• BHP| ô °º~ ‹†Þ}±ÿ

ð»†ó ìþ|¬ø~. ¬° …üò ºßê ð}†ü� ¤†¾ê …² ¶ú ð·Œ• ¤œíþ 1 ‹ú 2 € 1

‹ú 1 ô 2 ‹ú1 …{†ðõë ‹ú ì}†ðõë )‹† ¬°¾~ ¤œíþ 5/0 ì}†ðõë ô ¬°¾~ø†ÿ

¤œíþ 52/0€ 5/0 ô 0/1 …{†ðõë ¬° ì¥ýÈ Þ»•( ‹† ¤†è• ‹~ôó ¶õ‹·}±…ÿ

ì©éõÉ ìÛ†ü·ú º~û …¶•.  ÆŒÜ ð}†ü� ¤†¾ê …Ö³ô¬ó …{†ðõë ¬°¾~

{œíÐ BHP| ô ÒéË• „ó °… ¬° øíú ð·Œ•|ø† …Ö³…ü¼ ìþ|¬ø~. …ì†€ ìÛ~…°

°º~ ‹†Þ}±ÿ {ñù† ¬° ¤†è}þ Þú ÒéË• …{†ðõë ð¿Ø ÒéË• ì}†ðõë …¶•€

‹ý»}± º~û ô ¬° ‹Ûýú ð·Œ•|ø† Þ†ø¼ ü†Ö}ú …¶•. …üò ð}ýœú …¤}í†æ_ ‹ú

¬èýê ¶íý• …{†ðõë …¶•€ üÏñþ …â± ÒéË• „ó ¬° ì¥ýÈ …² ¤~ÿ ‹ý»}±

ºõ¬€ °º~ ‹†Þ}±ÿ °… ìù†° ìþ|Þñ~. ‹ý»}±üò ìÛ~…° ÒéË• BHP| ¬°

ð·Œ• 1‹ú 2 …{†ðõë ‹ú ì}†ðõë ‹ú ¬¶• „ì~û …¶•. øí†ó|Æõ° Þú ¬° ºßê

ì»†ø~û ìþ|ºõ¬€ ‹ý»}±üò {œíÐ BHP| ¬° ð·Œ• 2 ‹ú 1 …{†ðõë ‹ú ì}†ðõë

…¶•. ¬° …üò º±…üÈ …{†ðõë ‹ú ¬èýê ¶íý• …² °º~ ‹†Þ}±ÿ ›éõâý±ÿ

ìþ|Þñ~. ‹† {õ›ú ‹ú …üò Þú BHP| ¬° º±…üÈ ð†ì·†Î~ °º~ ô ¬° º±…üÈ

ô›õ¬ Þ±‹ò …Â†Öþ {œíÐ ìþ|ü†‹~€ ‹ý»}±üò {œíÐ BHP| ¬° …üò ¤†è•

Ú†‹ê {õ›ýú …¶•.

¶~üî …¶}†– ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ  |

…÷± …Ö³ô¬ó ¶~üî|…¶}†– ‹† ¶ú ð·Œ• ìõèþ 1 ‹ú 4€ 1 ‹ú 2 ô 1 ‹ú 1 …¶}†– ‹ú

ì}†ðõë ¬° ìÛ†ü·ú ‹† ì}†ðõë ̈†èÀ ¬° ºßê 3 ð»†ó ¬…¬û º~û …¶•. ð}†ü�

ð»†ó ìþ|¬ø~€ °º~ ‹†Þ}±ÿ€ {œíÐ ô ÒéË• BHP| ¬° ¶~üî|…¶}†– ‹†

ÒéË• Þî )ð·Œ• ìõèþ 1 ‹ú 4 ¶~üî|…¶}†– ‹ú ì}†ðõë( ð·Œ• ‹ú ì}†ðõë

¨†èÀ Þ†ø¼ ìþ|ü†‹~. …ì†€ ‹† …Ö³…ü¼ ÒéË• ¶~üî|…¶}†– ¬° ¶õ‹·}±…ÿ

ì©éõÉ ìÛ~…° °º~€ {œíÐ ô ÒéË• BHP| …Ö³…ü¼ ð»†ó ìþ|¬ø~.

‹ý»}±üò {œíÐ ô ÒéË• BHP| ¬° ð·Œ• ìõèþ 1 ‹ú 1 ì»†ø~û ìþ|ºõ¬ Þú

¶ú ‹±…‹± ¤†è• ì}†ðõë ̈†èÀ …¶•. …üò ð}ýœú …÷± ì˜Œ• ¶õ‹·}±…ÿ

ì©éõÉ ¶~üî|…¶}†– ô ì}†ðõë ‹± {õèý~ BHP| ¬° ÒéË• ²ü†¬

¶~üî|…¶}†– °… ð»†ó ìþ|¬ø~. Îé• …Ö³…ü¼ {õèý~ BHP| ¬° ¶~üî|…¶}†–

‹ú ¬èýê ìù†°º~ó Ÿ±̈ú ACT| ‹ú ô¶ýéú ¶~üî|…¶}†– …¶•. ‹† {õ›ú ‹ú

ì·ý± {õèý~ BHP| ¬° ‹†Þ}±ÿ|ø†€ ¬° …¶}×†¬û …² …¶}ýê Þõ „ )AoC-cA( ‹ýò

Ÿ±̈ú Þ±‹̧ ô Ÿ±̈ú BHP| °Ú†‹• ô›õ¬ ¬…°¬ ]12€02[€ øñã†ï ô›õ¬

¶~üî|…¶}†– …Â†Öþ ¬° ì¥ýÈ€ Ÿ±̈ú Þ±‹̧ ìù†° º~û  ô Ÿ±̈ú BHP|

ÖÏ†ë ìþ|ºõ¬. ‹ñ†‹±…üò€ ìÛ~…° {œíÐ ô {õèý~ BHP| …Ö³…ü¼ ìþ|ü†‹~.  |

âéõÞõ² ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ

…÷± …Ö³ô¬ó âéõÞõ² ¬° ¶ú ð·Œ• ìõèþ 1 ‹ú 4€ 1 ‹ú 2 ô 1 ‹ú 1 âéõÞõ² ‹ú

ì}†ðõë ¬° ìÛ†ü·ú ‹† ì}†ðõë ̈†èÀ ‹± °º~ ¶éõë€ {œíÐ ô ÒéË• BHP|

ºßê 2 -…÷± …Ö³ô¬ó …{†ðõë ‹ú ì¥ýÈ ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ ‹±

WDC|€ ÒéË• ô ì¥}õ…ÿ BHP.

ºßê 3 -…÷± …Ö³ô¬ó ¶~üî …¶}†– ‹ú ì¥ýÈ ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ

‹± WDC|€ ÒéË• ô ìÛ~…° BHP.



…Ö³…ü¼ {õèý~ �éþ|øý~°ôÞ·þ|‹õ{ý±…–| …² ì}†ðõë ‹ú ô¶ýéú  ì}ýéõ‹†Þ}±üõï …Þ·}±ôÞõņ̃̂ô ...²ø±… ‹ýãî ì©}†°ÿ ¤·ýñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 402

¬° ºßê 4 ð»†ó ¬…¬û º~û …¶•. ÖÛÈ ¬° ð·Œ• ìõèþ 1 ‹ú 1€ ìÛ~…° °º~

‹†Þ}±ÿ€ {œíÐ ô ÒéË• BHP| ð·Œ• ‹ú ¤†è• ì}†ðõë ̈†èÀ Þíþ

…Ö³…ü¼ ü†Ö}ú …¶•. ¬° ¶ú ¤†è• ìõ°¬ ‹±°¶þ€ ìÛ~…° °º~ {Óýý±

ì¥·õ¶þ ð·Œ• ‹ú ¤†è• ì}†ðõë ̈†èÀ ð~…°¬. …ì†€ ìÛ~…° {œíÐ BHP

¬° ÒéË•|ø†ÿ Þí}± âéõÞõ² ð·Œ• ‹ú ¤†è• º†ø~ Þ†ø¼ ü†Ö}ú ô ¬°

ÒéË• ²ü†¬ âéõÞõ² …Ö³…ü¼ ìþ|ü†‹~. …üò …Ö³…ü¼ …¤}í†æ_ ‹ú ¬èýê ô›õ¬

Þ±‹ò …Â†Öþ ¬° ì¥ýÈ …¶• Þú ìñœ± ‹ú {õèý~ BHP| ìþ|ºõ¬. ‹† {õ›ú ‹ú

ð}†ü� ¤†¾ê …¶}×†¬û …² âéõÞõ² ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ …² ðË±

…Ú}¿†¬ÿ ìÛ±ôó ‹ú ¾±Öú ðý·•. ²ü±…€ ¬° …÷± …Ö³ô¬ó ìÛ~…° ²ü†¬ÿ

âéõÞõ² {õèý~ BHP| …ð~Þþ …Ö³…ü¼ ü†Ö}ú …¶•.

ìÛ†ü·ú Þê ¶õ‹·}±…ø†ÿ ì©éõÉ

ð}†ü� ‹ú ¬¶• „ì~û …² ‹±°¶þ …÷± ¶õ‹·}±…ÿ ì©éõÉ ¬° ›~ôë 3 ô ºßê

ºßê 4 -…÷± …Ö³ô¬ó âéõÞõ² ‹ú ì¥ýÈ ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ ‹±

WDC€ ÒéË• ô ìÛ~…° BHP.

›~ôë 3 -ìÛ†ü·ú …÷± ¶õ‹·}±…ø†ÿ ì©éõÉ ‹± ô²ó ̈»à ¶éõë )WDC(€ ÒéË• ô ìÛ~…° �éþ|øý~°ôÞ·þ|‹õ{ý±…– )BHP(.

*ð·Œ• 1 ‹ú 4 ¶~üî|…¶}†– ‹ú ì}†ðõë@ #€ ð·Œ• ¤œíþ 1 ‹ú 1 …{†ðõë ‹ú ì}†ðõë.

ÒéË•  BHP )L/g( ìÛ~…°  BHP)%( )L/g( WDC ìñŒÐ Þ±‹ò ìõ›õ¬ ¬° ì¥ýÈ Þ»• Þ~

81/0±09/0

70/0±26/0

10/0±81/0

60/0±61/1

02/0±25/2

21/0±89/0

60/0±90/1

30/0±14/0

10/0±61/2

82/0±05/2

10/0±96/0

11/0±46/0

61/0±03/1

60/0±35/0

76/0±93/71

80/3±06/92

67/1±29/7

14/1±66/42

26/1±10/93

21/4±76/33

45/2±97/44

31/2±91/01

12/1±30/44

56/3±65/84

92/0±44/31

88/1±01/21

18/1±67/22

33/3±83/52

|48/0±41/5

10/0±01/2

93/0±53/2

20/0±17/4

42/0±64/6

10/0±29/2

10/0±44/2

85/0±80/4

51/0±09/4

02/0±51/5

40/0±61/5

21/0±93/5

72/0±86/5

50/0±90/2

ì}†ðõë

…{†ðõë

¶~üî|…¶}†–|

âéõÞõ²

…{†ðõë: ì}†ðõë v/v1:2

…{†ðõë:ì}†ðõë v/v1:1

…{†ðõë:ì}†ðõë v/v2:1

¶~üî|…¶}†–:ì}†ðõë lom/lom1:4

¶~üî|…¶}†–:ì}†ðõë lom/lom1:2

¶~üî|…¶}†–:ì}†ðõë lom/lom1:1

âéõÞõ²:ì}†ðõë lom/lom1:4

âéõÞõ²:ì}†ðõë lom/lom1:2

âéõÞõ²:ì}†ðõë lom/lom1:1

ì}†ðõë + ¶~üî|…¶}†–*|+…{†ðõë#

M

E

A

G

1E+M

2E+M

3E+M

1A+M

2A+M

3A+M

1G+M

2G+M

3G+M

A+E+M

ºßê 5 -ìÛ†ü·ú …÷± ¶õ‹·}±…ø†ÿ ì©éõÉ ‹± WDC€ ÒéË• ô ìÛ~…° BHP.
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…Ö³…ü¼ {õèý~ �éþ|øý~°ôÞ·þ|‹õ{ý±…–| …² ì}†ðõë ‹ú ô¶ýéú  ì}ýéõ‹†Þ}±üõï …Þ·}±ôÞõņ̃̂ô ... ²ø±… ‹ýãî ì©}†°ÿ ¤·ýñþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 5€ „®° -¬ÿ  9831 

5 ð»†ó ¬…¬û º~û …¶•. ‹† {õ›ú ‹ú ºßê 5 ‹ù}±üò ð}†ü� ¶õ‹·}±…ÿ

ì©éõÉ ì±‹õÉ ‹ú ð·Œ• ìõèþ 1 ‹ú 1 ¶~üî|…¶}†– ‹ú ì}†ðõë ô ð·Œ•

¤œíþ 1 ‹ú 2 …{†ðõë ‹ú ì}†ðõë …¶•.

ì¥†¶Œú ‹†²¬û Þ±‹ñþ

øí†ó|Æõ° Þú ¬° ›~ôë 3 ì»†ø~û ìþ|ºõ¬€ üßþ …² ‹ù}±üò {±Þý�|ø†ÿ

¶õ‹·}±…ÿ ì©éõÉ€ {±Þý� ð·Œ• ìõèþ 1 ‹ú 1 ¶~üî|…¶}†– ‹ú ì}†ðõë

)3A+M( …¶•. Æþ Ö±…üñ~ÿ Þú ¬° ì~– h021 …ðœ†ï º~€ ‹ú ¬èýê

¶íý• ì}†ðõë€ ìñ†‹Ð Þ±‹ò ¬° Öõ…¾ê ²ì†ðþ h84 üà ì±{Œú ‹ú ì¥ýÈ

Þ»• …Â†Öú º~ð~. ‹†²¬û {õèý~ {õ¬û ²ü·}þ ô BHP| ¬° ¬ô ¤†è• ð·Œ•

ìõèþ 1 ‹ú 1 ¶~üî|…¶}†– ‹ú ì}†ðõë ô ì}†ðõë ̈†èÀ ¬° ›~ôë 4 ìÛ†ü·ú

º~û …¶•. ìÇ†‹Ü ð}†ü�€ ‹†²¬û Þ±‹ñþ {õèý~ BHP€ üÏñþ {Ï~…¬ ìõë|ø†ÿ

Þ±‹ò Þú ¾±Ù {õèý~ BHP| º~û ‹ú ìõë|ø†ÿ Þ±‹ò ìõ›õ¬ ¬°

¶õ‹·}±…ÿ ì¿±Ù º~û€ ¬° ¤†è• ì©éõÉ ¶~üî|…¶}†– ô ì}†ðõë ¶ú

‹±…‹± ¤†è• ì}†ðõë ̈†èÀ …¶•. lebaB]31[ …¶}×†¬û …² ì©éõÉ

¶õ‹·}±…ø† °… …üò Æõ° {õ›ýú ìþ|Þñ~: ‹† {õ›ú ‹ú ìñŒÐ Þ±‹ò ô …ð±ÿ́ ô

ì·ý±ø†ÿ ¶ṏ• ô ¶†²€ {õèý~ BHP| ‹† ì¿±Ù …ð±ÿ́€ )ü†( {õ…ó Þ†ø»þ

ü† ‹† {õèý~ „ðù† øí±…û …¶•. ¬° ìõ°¬ …ôë )‹ú ìñËõ° {õèý~ …ð±ÿ́ ì¿±Öþ

ü† {õ…ó Þ†ø»þ ìõ°¬ ðý†² {õèý~ BHP(|€ ‹†ü~ ¶õ‹·}±…ÿ …Â†Öþ …Þ·ý~

ºõ¬. ‹ñ†‹±…üò€ °¶ý~ó ‹ú ‹†²¬û ðË±ÿ ¶ṏ• ô ¶†² Þ±‹ò ìíßò ðý·•.

ìç̃_ ‹±…ÿ {õèý~ BHP| …² ì}†ðõë ìÏ†¬èú )1( ‹±Ú±…° …¶• ]31[:

¬° ¤†è}þ Þú …² ì©éõÉ …¶}ýà …¶ý~ )…¶}†–( ô ì}†ðõë …¶}×†¬û ìþ|ºõ¬€

üßþ …² „ðù† …¶ßé• Þ±‹ñþ °…  ìþ|¶†²¬ ô ¬üã±ÿ …ð±ÿ́ ü† {õ…ó Þ†ø»þ

ìõ°¬ ðý†² …ôèþ °… Ö±…øî ìþ|Þñ~:

…â± HDAN| ô H)P(DANìÏ†¬ë ¬° ðË±  â±Ö}ú ºõ¬ )…² ðË± …ð±ÿ́ ô ‹ú

Îñõ…ó ¶õ‹·}±…üþ ‹±…ÿ ô…Þñ¼|ø†ÿ …¤ý†üþ€ ìễ AoC-cAcA|

°¬ôÞ}†²(€ ¤~ô¬ 08% ìñŒÐ Þ±‹ò ›×• ¶õ‹·}±…ÿ …¶}ýà …¶ý~ -ì}†ðõë€

ìþ|{õ…ð~ ‹ú BHP| {Œ~üê ºõ¬ ]31[. …èŒ}ú øí†ó|Æõ° Þú ð}†ü� …üò �µôø¼

ð»†ó ìþ|¬ø~€ ‹ú Æõ° Îíéþ …üò ôÂÏý• °« ðíþ|¬ø~€ ôèþ ‹† ‹ùŒõ¬

¶õüú|ø†ÿ °ü³¶†²ô…°û€ ‹ùýñú|¶†²ÿ ì¥ýÈ Þ»• ô º±…üÈ ì¥ýÇþ

ìþ|{õ…ó ‹ú …üò ôÂÏý• ¬¶• ü†Ö•.

||

ð}ýœú|âý±ÿ

‹† {õ›ú ‹ú ôüµâþ ì}ýéõ{±ôÙ …̈}ý†°ÿ ‹õ¬ó ‹†Þ}±ÿ ì}ýéõ‹†Þ}±üõï

…Þ·}±ôÞõˆņ̃0431 ZMSD€ …üò ‹†Þ}±ÿ Ú†‹éý• °º~ ô {õèý~ BHP|

¬° ìñ†‹Ð Þ±‹ò …{†ðõë€ ¶~üî|…¶}†– ô âéõÞõ² °… ¬…°¬. …¶}×†¬û …² ìñ†‹Ð

Þ±‹ò ì©}éØ ‹† ÒéË•|ø†ÿ ì}×†ô– ‹ú Îñõ…ó ¶õ‹·}±…ÿ ì©éõÉ ‹†

ì}†ðõë ð»†ó ìþ|¬ø~€ …¶}×†¬û …² ¶õ‹·}±…ÿ ì©éõÉ ‹† ÒéË• ìñ†¶�

ìÛ~…° {õèý~ BHP| °… …Ö³…ü¼ ìþ|¬ø~. ‹ú ¬èýê ìù†° º~ó Ÿ±̈ú Þ±‹̧ ‹ú

ô¶ýéú ¶~üî|…¶}†– ô ‹ú øí±…û „ó ÖÏ†ë º~ó Ÿ±̈ú {õèý~ BHP€ üßþ …²

‹ù}±üò ¶õ‹·}±…ø† ¶~üî|…¶}†– …¶• Þú ¬° ð·Œ• ìõèþ 1 ‹ú 1 ‹† ì}†ðõë€

‹†²¬û Þ±‹ñþ {õèý~ BHP°… ‹ý¼ …² ¶ú ‹±…‹± …Ö³…ü¼ ìþ|¬ø~.

264
SER
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