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Evaluation of ~ Sunchon Pt"-.armaceutical Plant 
Antibiotics Division and suggestions for improvement. 

In the course of initiating the ~ject work, diacussions were 
held with the Vice Director of the General Bureau of Pharmaceutical 
Indust17, llr. llm Kwang Hua. A detailed plan of work snedu1e was 
chalked out and accepted b7 both of us. The Pharmaceutical complex 
is 80 Iii north of P,yongyang. As the Hotel facilities were b•t~ver;y 
good in the local area, it was suggested by the officials, thnt we 
go to the plant eve'r7 day in the morning and return in the evrning. 
We were assisted in the discussions by Mr. Yun Ho, Manager from the 
Bureau, who acted as the interpreter and guid~.It was also agreed 
upon that all drawings, flow sheets and other essential details 
willbe made available for the wo~k and discussion. llr.Kim Kwang Hwa 

was with us during the entire period of the work, during the facto'r7 
visit. 

On reaching the factO'r7 we were received b~ Mr. Sing Yong Uk, 
Chief Btlgineer, as the llanaging Director Mr. Sin Sok Chan was abroad 
on official work. Mr.Chang Byong Hin, Pricipal Engineer for technical 
deYelo111ent assisted us from the facto'r7 during the visitaand 
discussions. 

I 

I II 
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Pharmaceutical complex - near entrance 

Entrilnr.e - Fermentation block 
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1. Gener1l 

The Antibiotic plant is part of the Pharmaceutical complex at 
Sunchon. The complex works under the Ministry 0£ Public Health. 
Sunchon is a small town about 80 Km north of Pyongyang. The roadf 
are aotorable, though many parts >:rhich are under wi.c!ening need 
repairs. The aproach road to th~ facto17 from one side cutting 
across railW&¥ lines is accessible mainly for trucks. During 
monsoon seascn it will be a sl•tsh. Prom the opposite side the 
rOacla are alright. The plant was commissioned in 1958, and reminds 

• 
us of its anc;ient past in IDBrlJ' ways. 

. . 2 
- tot~l area •• 220,))o M 

- Buil.ding area •• )2, 45~ a2 
- ~otal amployees •• 2100 

- Total teclmicians •• 400 

- Engineers •• 140 

Permentation area • • toes s H2 

- Personnel for Fermentation & Purification •• !66 
Others products inanufactured:-

Asprin 

Li'luid injectibles like Glucose, Gentamicin, llagnesiµm sulrhate, 
Vitamin C etc. 
Bottles aid ampules for the above. 
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z. Penicillin production • 
2.1. Culture !!!!!!.. laboratory work. 
2.1.1. The culture produces an average yield of 18, 00~ to 20, J.JO 

units/ml ( 10.8 to 12 gms/lt ). Tbe international level at 
present can be put in the range of 60,000- 65,000 u/ml ( )6 -39 em/lt) 
The culture is maintained on Korean millet, the gtains of which 
appearc to be quite smaller in size in comparison with millet 
found in other countries• 
2.1.2. The culture is grown in Roux bottle in the fol1owing medium. 

a) ltolasses •• 1.5~ w/v 
b) Peptone •• 0.6 ,, 
c) Glycerine •• 1.5 ,, 
d) Calcsum chloride •• 0.05 ,, 
a) Sodium chloride •• 0.5 ,, 
!) Magnesium sulphate •• 0.5 ,, 
g) Potassium di ~drogen phosphate •• O.OJ ,, 
h) Trace salts 
i) Ag-ar •• 2.0 ,, 

Though in a weeks time the culture spreads out in its typical 
fungal colony, there appears to be very little amount of spores 
produced in this p8riod • It is advisable to increase the time 

ot incubation for two weeka depending upon the dryness or a~ar in 
the bottle. 
2.1.J. In 250 ml fiask,K:orean laillet 10 gias and 8 ml til water 
are boiled and then sterilized at 12o·c for 30 minutes and used 
tor the cultivation of spores. 
2.1.4. The fungw. 'rown on the Roux bottle is scraped with 100 ml 
ot sterile water and, 2 Ill of this is distrib11ted to 50 flasks or 
m111et as explaiaed in 2.1.J.The flasks with'h~ fungal spores 
are incubated at 25·c for 7 days and used to inoculate the I stage 
Inoculator tank of 400 lt working volume. These spores on millet 
fl.asks are stored at room temperature for 6 months. 
2.1.5. The shake~ room is provided with one obsolete shnker, to 
hold 250 ml and 500 ml flasks. The temper~ture con*rol i3 through 
•open wire• heaters. This is very primitive and does not confirm 
to &11¥ •a!ety standards. The ambient tempor·1ture i~ the room v'lil~ 

.. 

.. 

, 
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be uneven a~ there in uo air cir1.;ul:ttion.During :iu::uner coolin:~ i5 
done through J.{ethanol in coils. All the ecwiptleht are i.n a dil:J1Jit1l"·1 
state. Acurate temperature c:mtrdlcrs with fan coil uni t:J and 

better shakers are a n•us.t. 

2.,.6. Inoculation of flasks is lone in an inoculation foom. There 
is one UV light and the bench is cleaned with phenolic swab before 
microbiological wo~k.Provision of laminar flow hood with sterile 
air flow and one more UV light are a must.This will improve th~ 
methodology and GllP standard • . 
2.2. Inoculator tank. 
2.2.1: There are 3 stainless steel 1000 lt·inoculators (I seed tank }. 
Th~ q~it7 of the metal is very poor. :Ea.ch of these inoculators is 
provided with 2.8 l.W motor for agitation. The agitator shaft is 
driven b7 pulle7 block belt drive assembly. The·vessel is crude and 

! • 

rough:on the inside with coatiugs on the inside. There is an iron 
ladder to go in to the vessel. There are 3 baffle plates, 3 agitator 
blades with, curved 7anrs. There is an antifoam blade on top. There is 
25 aa single hble sparger f o~ aer~tion. The jacketed vessel is clad 
in glaaawool for pretection against ambient heat shock. 
2.2.2. The veaael design has the following dimensions. 

a) Vessel height •• 2200 mm 
b) Ve~sel diameter •• 800 mm 
c) Agitator blade diaiueter •• 300 nun 
d) Thickness of Ves3el •• 8 lllr.l 

c) Jacket thickness •• 50 mm 
r) Barne breadth •• 80 mm 
g) 14anhole with rubber gasket. 
h) Total volume •• 1106 lts. 
1) Working volWPe •• 400 lta. 

2.2.3. The air filter is made .. out of mild steel. It is filled with 
cotton on the top and botiom and activated carbon in the middle. 
The filter is sterilized with steam prior to media sterilization. 
Tijough there is a jacket there is no stf!am connection • 
2.2.4. Medium composition. 

' 

a) Soyahc'1n flour, •• 5~ w/v 
b) Cane sugar •• l~ 

' . ' 
c) Calciu1n carborriate • lo 0.3~' , , 

• 
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d) Potassium dihy1 ro~·!n rho:->1,·1~:tte ~· O. 2~ , , 
e) Sodiura thio snlphai~~ •• 0. 1~ , , 

f) Sodium sulphate •• tJ. 05~' , , 
g) Magnesium sulphate •• 0.025~ ,, 

h) Ammonium nitrate •• 0.125~ ,, 
i) Spyabean oil •• 0.1~ 

pH 6 .. 5 
2.2.5. Medium sterilization. 
The medium components arc broueht to the vessel, miJled and the 
volume is made up to 400lts.Then Rtewn is fed, lll the jacket of the 
vessel and ~ith continuous stirring it is heated to 1oo·c. Then 
direct steam is fed in to the vessel from air line and the seed 
transfer line aa:l the temperatll!'e is raised to 120•0.Thc oediu..• is 
steril12.ed for 30 ndnutes. It i• then cooled by feeding w~ter in the 
vessel jacket. The following analysis are made : 

a) pH 

b) sugar 

c) Ammonia nitrog~n 
d) Phosphorous 

2.2.6. Inoculation is done through a.metal screw.cap on the lid of 
the manhole. An ai.cohol flame is put around the cap. The;vessel is 
depressurized and the mjllet spores are inoculated. The sampling 
device through a pipe with steam connection is crude and needs 
modification. Semi stertle zone ·ni th steam and cap should be 
provided. 
2.2.1. The para.inet ers. 

a) Temperature •• 25·c 
b) Agitato~ rpm •• 220 
c) Aeration •• 600 lp1n 

d) Ovur pressure •• 0.2 kg/ cm 2 

e) pH be!ore seedine •• 6.8 
t') pH durine the r .u1 •• 6.5-6.8 
g) Age •• 48 Hrs 

2 .2.8. Thm controlline var:u:ic tP.rs ~re done rnanu:il ly • Even the 
I 

teJ11pcraturc cor1trol io ~.oneo rr. UlU>..llly. There is a hot flJ. tnr ta:1!c 

under pressure and this wat.er iR ;:ushed in ~o j~cket: to control 

the teuperature. There is only ta1aparaturc indica.tor 1 an11 110 t>t,her 

II 
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system. Ordinary water tempar:iture in wintr.r i3 4•c and during 

swnmcr is 14-16·c. 

2.3. Seed ~· 
2.3.1. There are 3,carbon steel tanks of )OOO~lt volume. The vessel 
is provided with 7 KW motor for the agitation. The: shaft is driven 

by pu1ley block belt driven assembly. The vessel ic provided with 
8111 JD.s. jacket and a ladder to reach t~1e bottom of the tank. lfhEre is 

an air inlet line with a aingle hole sparger as in the int:>culator 
tank. There is transfer cwa drain line and inoculum inlet line with 
ste&11 connection. There are two agitator blades with two stirring 
vanes. The tank iuside is very rough and coated with·media material. 
Due to the lack of bottom outlet 2 to 4 lts water always remain in 
the vessel. 
2.).2. Vessel dimensions. 

a) Vessel height •• 2210 mm 
b) Vessel diameter •• 1300 nun 

c) Jacket thickness •• 50 !DIC 

d) Agi~ator blade diameter •• 500 mm 
e) Baffle breadth •• 130 mm 
f) Total volume •• 2935 lts 
g) Wo~king voli.lme •• 1500 lts 
h) Liq~d height •• 1136 IDla 

The sparger should converted to ring sparger and aeitator blades are to 
l'e designed to rushton fla.tbladt; of 580 mm diaJOcter. The individual 
churning blade should be of length 145 mm and breadth 116 mm. The 

inside surface is bad and appear to be corroded in some places. At 
least 2 am thick stainless stea!. sheet clading is essential to avoid 
metalllc contamination and to avoid pockets on the surface which may 
lead to n~n sterility. 
2.3.3. The air·filter desigb is the same prillli.tive type in this case 
also. The jacketed air filter in packed with cotton on both top and 

bottom and with activated carbon in the middle. 
It is imperative that in order to avoid heavy pressure drop 

and ~et cotton filters, they should be chauge1 to glass wool filters 
or'a~solute cartridge filters. 

I I 

2.3.4. Media composition. 
I a) Soya bean..!lour •• 3~ .,,/v 

I 

, b) Cane sugar •• 1 
' ' , ' 
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c) Calcium carbonate •• o.6 '/. w/v 
' 

d) Potassium.di eydrogen phosphate •• 0.2 
e) Sodium thio su1phate • • o. 1~ , , , , 
t) Sodiµm su1phate •• 0.05 ,, ,, 
g) ~eaium su1phate •• 0.025 ,, ., . ' 
h) AlllacmiWD nitrate •• 0.125 ,, ,, 

I . . 

i) So7a bean oil •• 0.1 ,, ,, 
• • 

~) PJumfl ac~tic acid •• 0.1 ,, ,, 
• I 

pH 6~5 

• • • • 

2.3.5 • ..a!Ull sterilization. .... . 
!he" ~ one 3 -3 steel llixing tazuc !or mediUDL miring· for both seed 
tants an4 temaen.ters. All the ingredients ii the raediua are mixed 
togeth~." !he ~edients calculated to 9 • 3 .or 12. -3 are llixed here 
to mk•.l.•3,' which is ve17 low. !here are b(>ocl c~ces that the 
807& bean fl.our fora grits. It is appDppriate to sieve the so7a bean 
fl.our through a 500 r sieve. An on line sieve in the pipeline to the 
fe.anter will also remove big grits. OJlherwise a wet grinding ingester 
6a.to be introduced. •erU.um is pushed under pressure froJG.the mixing 
tank~ !here is a transfer line up to the fermenter.ba7. The end ot the 
line is . connected with a rubber hose pipe which i.s ·.to be taken to 
indiv.idual fermentera or seed tanks. The medium 1.25 K3 is heated 
through the jacket with continuous agitation up to 1oo•c • ~hen direct 
steam is ingested in to the medium through the transfer lines and 
air line. The temperature is then raised to t21•c and maintained for 

I 
JO minutes:. The medium is then cooled by passing water in ths jacket 

I 

to the required temperature. <ne 6 point recorder is equiped to 
chec~ and record the sterilization temperature or inoculators and 

•••d tanks. 
2·.3.6. Seeding is done through the seed tran&f'er line. 250 lts tre 

tranafe~ed to 1.25 K3, to make 1.5 13 aeeded volume. (2~). 
Samp~ is don• through same trana!er line with steam ~onnection. 
This looks very out. dated.A separate sample line with steam connection. 

I 

1• to be peovided ar the existing line is to be modif'ied as wider. 
The Jain• is to be cut ort '1n the top portion and a reducer with 8 mm 

I 

· •• pipe can be welded to ·this p~pe. An alcoholic swab !lame ehoul• be 
provided during th• sarople collection in order to ensur~ sterile 
sample tor proper analpsift. 
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The f oll<>"ing analysis ~re done for the-broth S'\Dlple • 
a) .... 

D) sugar 

c) uaonia nitrogen 
d) phosphorous 

2.3.7. !he parametera. 
a) Teaparature •• 25•c 
b) Aeration •• 1050 lpa. 
c) .Agiktion •• 220 ·rpm. 

d) ciYer pressure •• 0.2- 0.4 ~ ea2• 
•) pH during .the c7cle •• 6.5-6.8. 
f) Running tiae ot seed •• 18 Bra. 

SterilitJ' check is done both in solid agar mediua and in broth medium. 
As it is illposaible to have a elear picture before overnight incubation, 
the s~d is transfered on visual. observation to the fermfll'lter. 
2.J.8. !he con~rolling pnrameters are •iniilal as in the inoculum tank. 
hen temparature control is donB: mrmually. Air flow recorder units 
were found disconnected in some vessels. It is not clear, due to l~ck 
ot eq~pment whether 8IJ.1 accurate air flow is maintained at all. 

' - . . -. 
a) Temparature recorder controller with an accuracy of !. o.2•c 

is very essential. 
b) pfi 'tndicator·~ with probe mounte~ on the vessel 13 essential. 
c) Diaaolved o2 monitoring oystem with probe on vessel is essential. 

2.4. Fermenter. 
There are 6, carbon steel :f'ensenters or 15 143 P.ach R.nd 2, ot 20 i43. 

The agitator motor is AC, ot 40 K.1f capacity, with pulley block belt 
drive assembly. !here are 4 sets or cooling coils 6 m2 each inside 

the vesoel. There is a single hole srarger o! 10 lllr.l tube nt the b~ttom 
ot the stirrer. There is one seed line, one harvest ~ine. Though there 

is a sight glass assembl7, this has. beeb rcmo•r••d and ,a blind has been 
provided. There aro crude welding joints on all over ',the top ot th~ 
!ermonter. The awnhole is provided with an ordin:iry rubber g-isket~• and 
ia replaced every two montlis after 10 cycles. The au~fnce irmide the 
vessel, is very rough. The shatt seal is rMde of er~plti tr.cl ~::bezto~ 

I 

and in some caaes .the~- do le:?.k. Under this is th'! be~rint: n.suembly. 
Inside the termenter the shatt is enclosed in woodfm 'slcov,, with ~asine~ 

I 

cormected to tierod ends ;i.t tho sides ot thtt fC?nnl!nt-:!r. At h'! b:>r:" 
I 

thore is a ma.t~llic sleevo' ' ' copper alwninium !tllo,y' 'which i.n su; porVd 
1 I I 

11 I I I 
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from the bottom of the fermenter. 
2.5. Desio1 of vessels. 

- - 3 
2.5.1. r.eight •• 5144 .. - 15 • 

3 2.5.2. •• •• 6228 .. - 20. 
2.5o3._Vessal diameter•• 2000 m - for both 
2.5,4. Agitator blade diameter •• 700 nn 
2.5.5. Agitator abaft.diameter •• 84 mm 
2.5.6. Cooling coils froa the bottom of the vessel •• 840 .. 
2.5.7. Height of the cooling coils •• 3200 11111 

2.5~8. !otal volwne 15,714 (15 a3)) 
2.5.9. •• ,. 19,573·(20 •3> 
2.5.10.!hiclm.ess of vessel plate •• 12 mm 
2.5.11.Agitator blades ). size 115 - lengith, 1-40 11111 breadth 
2.5.12.1st blade from the bottom of the vesfJel •• 618 nr.1 

2.5.13.Liquid height at 10.5 • 3 •• 3344 11111 
3 2.5.14. ,, ,, at 14 • •• 4600 mm 

2.5~15.Air is filtered in the same way a.s in the ease of inoculu.tor 

and sed tanks. 
2.6. Ked!11a for !!!!_ process ~ paraJ;1etero. 

2 6~1. Composition. 
a) Soya bean fiour •• 37' w/v 
b) calcium carbonate •• 0.4 ,, ,, 
c) Potassium di hy«rogen phosphate •• 0.2 ,, ,, 
d) Sodium thio sulphate •• 0.5 ,, ,, 
e) Sodiwn sulphate •• 0.05 •• ,, 
f) llagnesiwn sulphate •• 0.025 ,, ,, 
g) .Ammoniwa nitrate •• 0.2 ,, ,, 
h) Ammonium sulphate •• 0.2 ,, ,, 
. i) Zinc sulphate •• 0.002 ,, ,, 

~) Ure&•• 0.05 ,, ,, 
.k) Oil • • to lts. 

pH 6.5 
2. 6.2. The entire com1>onenta: without any Cf'rbohydrate source ill dur1ped 
in the mixing tank. Attar mixing *II.th ordirwr-1 wat<>r it iff pushed to 
the fermenter wider preesure. Water is addecl in the fen!umter to 
makeup: the volume to 7 113. The mediwn is hf!1• tP.., throueh the coil 
with ateam. When the temparHture coJR-:is to 10·)·c, then di.rnct ate~ 

iB fed in to the !er1nenter thl'OU~h the air Ji 11P. r :Jeed tl'$\11Sf er ] ine 

• 
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and ·harvest line. The temparature is tained to 12o•c and 1n:-int".!iuc•l 
for )0 llinut~d. Then the aodium is cooled by 'lr.!lter su1,ply to the cool i !t~ 

coils. 
2.6.). '!he fermenter is seeded with 1.5 M3 seed, seeded volume bein0 
9 •3• The components initially are also calculated to 9 M3, wbich is 
ve'r7 low. Analysis of.pH, sugar, ammonia nitrogen, phosphoroa are don~. 
2.6.4. Parameters. 

a) ~•parature ia maintained at 25•c. Th'! control is with 3. 

pie~tic valve and the water supply is thro~gh cooling coils. As the:? 
ambient '••perature is low,oa\trring and the reaction in the v~ssP.l 
does not warrant too much Df the coolant. T~ere is no he!lting rrovision. 
S7ste11 ia obsolete and require electronic control s7stcm. 

b) Agitation is ke11t at 120 rpm. 
c.) pH is only monitored without any control system. 
4) Th• air supply is at. the rate or 1:O.7, which see;ns very low. 

There are no control for measuring dissolvP.d o2 by n.o2 control system. 
•) All assays are conducted only once in 8 Hrs in shifts. 

2.6.5. Additions.to the fermentation. 
There ia no initial carbohydrate source in the medium, except for the 
meagre source given by the deratted soya bean flour 

a.) There are 2 additional tanks • One of 1.8 M3 and another or o. 8 r-t 
tor sugar and phenyl acetic acid(IAA) shots. 

b) There .ar~ two oil tanks ot· 1.5 Ml each. Soya bean oil, w~~le oil, 
or sunflower oil what ever is available is utilized. 
Sixt1 ~ aµgar solution is sterilized and kept along with 6.25~ PAA. 
Shots amgiven ~ourly,at the rate of 8-10 lts till 108 Hrs and 4-6 lts 
upto the age or 168 Hrs. Sugar added works uptp 0.05~. Shots a?P.not 
added. on the basis of al11' analysis. No graphs are m3de for an1 t'w1ning 
bu.tchea. 
2.7. Harvest. 
The harvest line is steSJ11ed along with thP. steel receiving tank. TtiR 
tis ot 20 •) capacity. The broth is aent to the tnnk under pre11a1J1e. 

I 

Air 1• aparged end a pwnp is pperated to circulate the broth in,the 
tank.' fifteen lta of formalin are added to 1,he broth b'efore 11; in 

I I 

filtered, through filter press. 
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Harvest tank Cverflow receiving tank 

Overflow r<'c<'iving tank 1 
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2.8. Sugeestions. 

2.8.1~r st.~tem. 

- 21 -

Air sterilization, as already indicated newl drastic :~'otl if'ica.t ion • 
Sterilizable cartridee filters {P::i.11 ot Ultipore) are the best ~nd 
are available all over the worl:l. In case if it is not possible for 
the Company to purchase them, the best oth•~r alternative is to Get 
glasawool( emulsified staple fibre). The filters are to b~ r~ckcd 
with this gla.sawool. The perseht method of packing with cotton on 
top and bottom with activated carbon in betNeen is out dated. This 
packing will lead to enormous amount of pressure drop ~cross th~ 
line. After sterilization~~ there is no str.:im suppl] to the jacket 
of the air ~ilter and the cotton and activated carbon caru1ot be 
dried for a long time. There are chances of clun.nelization to occur 
leading to bacterial contaJ!ination. 
2.8.2. Air s~arGer in all the ca.3es is to be modified to ring sp~rte~. 
A design for the same has been given to the !actory p~rsonnel. 
2.8.). Agitator blades are to be modified to rushton fl~t blade tu~bine, 
or other model. A basic desigh ha~ been &].ven. '.rhe dis:tauce be-t;veen 
the blades should be adjusted talcing the volilme in to con3ider1tion. 
2.8.4. The support at the bottom or the !er.nenter !or the shaft sleev~, 
needs modi!i~ation as. it c:an generate a lot or heat, due to friction. 
Tenon 111ecve with outer ma.tallic covering is very sui t:.ible fer this 
opera.ti on. 
2.8.5. As the harvest. line in.side the vessel canr1ot go right upto th'? 
bot.tom, there is alwa;rs a chance for soI!le water to rem.'1in art~r vr-~sl:ine 
the fermenter. In case the fermenter is not u~ilized irnmedintely thin 
mar harbour enormous a.mowit or bacteria. ~.ch alld 9VAry time when t~e 

vvesse1 bas to be dr~ined, it is essential to close and oren the manh~le. 
This i• very time consumin5 3lld aleo cu;nbersome operation. A bottom 
va1ve and bottom drain "'.1.lve with steam ond condensate line connection 
should be provided. 
2.8.6. Tho vent line is open wi thc,ut any scrubbing or steam cormecti"n. 

I 

The7 allopen in to a tanl. The over!low or tho broth myueliW!I is 
collected ;1.nd sent a:J cattle t'i:.ad to !ar:ncr3. 11.iter .1crutbin3 is 

I II 

nece3saey to cl~an up the vent line. A stc~rn CO!UlPction 1i11J ah~o 11 to bog 
provided. Thi3 will lte:p the line under ote:!~l l\uring the :time v;h~n th~ 
ve~aol hos to be kept Wlder pres9ure. 

I 
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2.B. 1. :redi:t r:!ix:ini: i~> impro!'er. Tl1~ 3oy-: h·::!:'.n !"lour in the ·11 1L1m·! 

it is mixr,1 is li:c•;ly to forn erits ;;1i1J •.-ill be d1ff!.!'Zult to ::~··ril i.--:. 

It is advicabla to use 50C \t. sieve to e/~t rid of the _;rits. C'!' ·:;-~~ 

&rintling tllrou~h :'l.n i:1~l!Et r1ur.ip i::; to be c:trri ed out. 

2.8.8. There is no te:.!1peJ.·a..ture in dic·1tor oa th~ ·1·~ss1·l. Onl=: 6 poi~ t 

recorders ~re supposed : · in comuissi on. Ilan:r of t?l!H1 look Lutl ty. 

The pressure c~.uge on the vessel ma.7 mt br. the corr•'!ct indic: tor r ,,_ -. 
the steam pressure in the vessel. Accur:ite te::i.per.?.ture inuic:ltcrs .::.r·~ 

very essential. 

2.8.9. P.arwncters. 
a) Tempera.ture control should be accurate to :t. o.5·c. T~~t:; shoL:ld 

be carried out with electronic control system. 

b) Aeration r~tc as given to Penicillin f'erments.tion is very lo•:. 
In the initial stages upto 20 hours when the organism is in the 

growth phase this cay work out. But later on this shouli be incre,1s~'1 

to 1:1.2 r~tio volwne /volume. As there are no ~easurement o: D02 
or Oxygen upt~•.ke rate, t?le fermentation here is carried out tli:!1ly. 

Vessel back i>rcsoure are kept low 0.2 Kdc1g,2 , to increaso air r:.ite. 

This should be incrc::ised to 0.5 Kg/cn12 • 

c) pH indicators for the seed tanks and indicator controllers f.1r 

the fer.menters are essential for the course of fermentation. .lJ!.y 

unchecked deviation will lead to ~isastrou.5 results. 

d) Analysis of the broth shovld be donE atle.1.st every 2 h'Jur:J fer 

Sug:ir, Ac.:1onia ni troge11, and Ac ti vi ty. and l"AA. Depending upon this 

action should be ta.ken for the additional shots. 

e) It is woth:1hile to add atleast 1fo k~ctose md Hy•lrol in the 

initial medium, in order not to st2.rve the organism. And cbec:cin; 

after 8-12 hour5, the shots can be proura.:?i.::rnd. 

2.8.10. As there is a ct&a1.1.ce of cont,unin!!ition iuunedi3tely or ·!urine 

the transfer of broth to the holding tank, !orme.lin should b1! ad<lad. 

in the f'er.ncnter itself snd then transfcre1 to the holding t~~Jc. 

Formalin quantity may be increased to 30 litres. 

2.8.11. Production in plant. 
a)-Aver~~e production in ferwentcr •• 
~Volume :it h:"'r·"est in 15 r,.;3 

fern1cnter 

- r:o of batches taken in a ye'3.r 

per .ferme~tcr 

- 1·10 O'f b'.ltchcn rw1 ror 61 
re:ir.cntcr!3 

••• 

••• 

••• 

17,000 u/:nl I 

10. 5 ;;.3 

]6.5 

219 
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- YielJ perfcrccnter ... 
•· Total yield for 15 ~~) 

fnrmenters ••• 

11e. 5 ::lds 

b )- '1olu:aie at harvest in 2or.r3 
fermenters •• 14.s'M) 

- Yield per fermenter • • 246. 5 r.ilds 

No of batches talc~~ in 

a year per fermenter •• 36.5 
No ot batches run for 

2 fer1:1.ent~rs •• 73 
- Total yield for 201'13 

fel"J:lenters •• 
- Total yi!ld for 15M3 and 20113 fennenters 

- Yield aft~r purification at 01.5~ 

c) Su~gestious. 

•• 39091.5 nlds 

•• 179?4.5 r.:lds 

• • 570116 r:Lls 
• • 35107 ::?ids 

i) By i~proving the harvest volmne to 12r.13 and 16:.!J in the 

fermenters the produvtivit1 can be enhanced. 
ii) By harvesting 2/2.5!.13 just 18-20 hours b!:?forc h:i.rve!:it tti1d 

adding water, feed back inhi~ition can be r·.!ducei ·:-.ud ovt;r all 

productivity will increase. 

iii) Procuring high produotivi ty str1ins will double the ou.tput 

according to in·tern:itional standards. 

iv) Use of l:ictose, eydrol, csl in r.t"!diun should ht!~rove 

produ1.?tivity. 

v) Spur~er, agitator blade 111odi.ficati.on sil"i.lld enlr.:.nce productivif;y 
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3. Kanwnycin. 
J.1. Culture ~ libor3.tory !!£!:!.• 
3.1.1. The culture Streptomyces K:.u1a1qc~tic 1.l3 73 prob>.ibl7 fro;;; 
Jap:mese source, produces on :m av~ragc 4.~m/lt. Thf.)rc is a St?l''.!rat•'! 

laboratory headed by Dr. Jone u Kyo for t~e slant preparation, 
nai.ntenance and seed preparation. Surface growth of slants app~ars 
light grey with sporss, with no apparent diffusible pigmentation. 
The culture is hot very hard to rernove from the slant surface. 
3.1.2. The cu1ture slants are gro•-i on the following agar medium. 

a) Glucose •• 1~ w/v 
b) Sodium chloride •• 0.5 ,, ,·, 

c) Beef extract •• 0.5 ,, ,, 
dj Peptone •• 0.5 ,, ,, 

•) Agar •• 2.4 '' ,, 
'• pH 6.8-7.0 

3.1.3. The sl:uits after they are incubated 1t 21-2s·c for 5-7 d3.ys, 
are kept in the refrigerator at 2-4·c for 2 months. Continuous strain 
selection are carried out on agar plates. Raw materials are also 
tested continuously. 
3.1.4. culture preservation. 
Sterilized skim milk 1 ml is added on the slant. The spores !.re 
scraped with the help of a loop. 0.2 ful of t.his suspension is taken 
in sterile ampule and after freezine ,thi3 is hooked on to the 
lyophilizer. 5 !llllpulea/ slant are obtained this w-.iy. The lJl)hi liz~tion 
is carried out at -70to -so·c, and the ampules are se~led. Seal~d 
ampules arc kept t~.t 2-4·c and used to prepare fresh slants as ~d 
when necessary. Prom one lyophil 5 to 6 sl'lnts arc prepared. 
J.1..5. Culture testing in nasks. 
Sin6].e stage fermentation in sluken flll.:Jko j.fJ c1rried out tor c 11ecki11~ 

the slants.· The ton and botto:n portion o~ the slants ar~ not utiliz.ed 

and only the middle portion ia utilized., Fro1n one sl~it 15-18 loops 
can. he obtained. The follo\ving mediui.: is •m~d in sh-;.kcrn tla~kz to 

I 

teat the strain. 
a) Soy~ benn flour •• 2.5~w/v 
b) Glucose •• 10.5 ,, '•• 
C) Corn :Jt:irc~ •• 4.s: ,, ,, 

d) Sodium ni trD.te •• 10.8 , , ,, , 
e) Pota:;:Jium di h;;·rlro

1

1

J'l"a11 pho'zphate 
I tJ I I 

• 01 I~. :)'j 
I I I 

, , , , 

II I 



- 25 -

Sh:Aker 

Centrifuse 
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f) Zinc sulphate •• 0.01 ~ w/v 

pH 6.3-6.5 
The shaker room and inoculation room arc e~~ctly as described tor 

Penicillin (2.1.5 a~d 2.1.6.) 
3.1.6. Parameters for she.ken flasks fcrcumtation. 

a) Temparature •• 21-2a·c 
b) BPU 240-260 
c) Period of fermentation 6 days. 
d) Amowit taken in fiasks 50m1 in 750 t'll. flasks. 
e) •edium. analysis for pH,sugar, 111!1DOlliW!l nitrogen• 

Pinal activity check is done in the central testing 1aboratory. 

3.2. Inoculator ~· 
3.2.1. There are three stainless steel 500 1t inoculators.(I seed tank} 
The vessel desien, motor, agitator blade_ arc all like the ot~er tauk3. 

3.2.2. Vessel dimensions. 
a) Veosel height •• 1732 mm 
b) Vessel diameter •• 700 DD 

c) Agitator blade diameter •• 250 Q11i1 

d) Baffle breadth •• 70 mm 
e) 'otal volume approx ••• 630 lts 
f) Working volwae •• 306 lts. 

3.2.3~ The air filter is the same as in J>enicillin, J>acked with cotton 
. ' on.top and bottom and wi~h activated carbon in between. 

I 

3.2.4. Kedium composition. 

' a) Soya bean nour •• ~ w/v 
: I 

b) Corn starch •• 2 " ,, 
c) Glucose •• 0.5 ,, ,, 

I 

4) Yea~t rowder •• 0.125 ,, , , 
e) Calcium carbonate •• 0.2 ,, ,, 
t) Sodium: nitrate •• 0.1 ,, ,, 
g) 

I 
&odium chloride •• 0.4 ,, ,, 

h) Soya bean oil •• 0.17 ,, , , 
pH 6.5 

3.2.5. Mediwo sterilization is done in the same way as in PP.nicillin. 
(2.2.5.) The 6 :point recorcler io s:u1,posed: to indicate the 

sterilization temparature of inoculatoss ':iml see'd vr.soala. 
I I I I 

3.2.6. !he inoculation is carried out in ,ei·ther ,or the followin~ w l.v:1. 
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Inoculator 
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. -~r 
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._800 L ,,, 
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0 

" 
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Inoculator 

Seed tank 



................. ----------------------------~~~~~~~~--
- 29 -

a) !ha surrace growth of one of the sl:mt i3 scr-.. l.ped and r-a~ 
direct in to the inoculator. 

b) In the second method, 20 ml of sterile water is added ~o the 
slant, the surfue is scraped and then inoculated in to the 7essel. 
The screw cap on top or the vessel 03Dho1e cover is kept surrounded 
by an al.cohil ~w:ib name. The vessel is depres~urized a::id the conte1';s 
at the alanta are poured in to the vessel. 
3.2.7. !he parameters. 

a) teapa.rature ••• 2a·c 
b) Air •• 1:0.6-0.7 v/v 
c) e;1•gi ta ti on • • 220 rpa 

d) OYer pressure •• 0.2 ~ca2 

e) Age •• 5<>-60 hours 
pH 6.5 final 7.8 

J.2.8. Only ~emparature control is carried out, that too manu~lly as 
is done in Penicillin. '!hers is a hot water tank wider pressure to 
supp~ water to the .jacket or the vessel. 
).). Seed t::mk. 
).3.1:-fhe~e 3 carbon steel tanks of JR) and one of 6113 c3~it1. 
!he general description or the vessel is the same as in Penicillin.(2.J. 

).J.2. Dimensions of 3gl vessel is the s!!lle as given earlier(2.J.2.). 
!he Eill3Tessel has the following dimensions. 

a) Yes::Jel heiahJ; •• 3200 BD 

b) Vessel dimaeter •• 1600 nma 
c) Agitator blade diameter •• 600 a:i 

d) Jacket thickness •• 50 1111!1 

•) Total volume •• "°'6400lts 
f) working volume •• 4000 lta. 
g) ~nl! breadth •• 160 aa 

J.).J. Air ·r11ters are the s:ime as in Penicilli~ Hith the same psckins 
material(2.J.J.) 
3.3.4. Uediwn compoaiti~n. 

a) Soya bean nour., 3~ w/v 
b) Com starch •• 4: ,, , , 
c) Glucose •• 0.5 ,,, , , 
d) Yea~t po~er •• ~.175 ,, ,, 
•) Calcium carbonat1e •• 0.1 ,, ,, 

f) Sodium nit~~te ~· Q.4 ,, ,, 
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g) Zil:.c sulphate •• 0.01 ,, '' 
h) Soy~ bean oil •• 0.2 , ' ', 

pH 6.5 
).). 5. Medium sterilization is done in the s.a!!le r...y as in ()t!nr sc:?d. 

vessels. (2.).5.) It is sterilized tor 30 :!linu.tes at 12o·c. 

3.J.6. Seeding is done throudl inoculum transfer line. 300 !.ts are 
transfered to make up to 1 • 5K) seeded vol\£!te. Sample ana17sis are douc 

for: 
a) pH 

b) Sugar 
c) Ammonia nitrogea 

3.J.7. !he parameters. 
a) !eaparature •• 2s·c 
b) Air •• 1000 lpa 
c) Agi ta ti on rpa 220 
d) Over pressure •• 0.2-o.4 rc/ca2 

•> pH initial 6.5, final s.o 
f) Running ti.Ille of seed .. 32-36 hours 

3.J.8. Acurate teapara."ture control, air now control, pH indication 
are essential. D02 measurement and control are essential as there is 

no- indication of the 02 requirement at any time. 

3.4. !'ermenter. 
There are 2 of 15.il, ? of 20H3, and 1 of 35!tl; carbon st!el !erment•:rs. 
The descripticn of the fermenter is the Sa.l!le as in Fenicillin. (2.4.) 
The fen:ienter appears a little more cle.:in and neat in worlcm1rlship. 
3.5. Desi:p\ 2!, v~ssels. 
The 15 end 2ozl fermenter are the sai1e as j n Penicilli..ri. ( 2. 5) 
The 35~3 fermenter has the following dimensions. 
3.5.1. Ve$3Cl height •• 7000 mm 
3.5.2. Vessel di41!leter •• 2600 mm 
3.5.J. A&itator blade diW!leter •• 850 mm 
3.5.4. Ai:itator abaft diameter •• 100 cu.1 

J.5.5. Cooli11g coils from the bottom or the ves:Jtl •• 601 m 
3.5.6. Height or cooling coils •• 4300 M!'' 

3.5. 7. Totla volwue •• 37000 lts 
3.5.8. Workinc volu:ie •• 22000lts 

3.5.9. :!etal thicknes:.J •• 14 11n 
' 

3.5.10.A(:itator bladeB •• 210 rruo/ 170 rrul 



- 32 -

Fermenter 'l 1 

: -~~(QL._ . •1 
r------L.1 ..t.J.8l"> __ 
4c::======::lit==========li====ft-~- ........ --

8 -- () 
l•t .... 

a 
In 
(\I 

r

'" ... 

.3 o: ,, 1-' ~1 :; :J '".) 
.,.,.. I I) I ;:.i. ----

I I 111 

0 
0 .., 

I· 
! 



- 33 -

Fermenter 
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3.5.11. First blade from the bo~~Ol!l •• 750 mm 
3.5.12. Liquid heicht •• 4150 nua 
Air filtration is don') the s:ioe 'fl<.>..y as in Pru1icillin. 
).~. Rediwn !2!:. the process ~ parameters. 
J.6.1. Uedium composition. 

: a) Soya· bean flour • • 2. 73~: w/v 
b) Con1. starch •• 4 , , , , 
c) Glucose •• 0.5 ,, ,, 
d) Ccr.n flour •• 2 ,, ,, 
~) Sodium nitrate 0.8 ,, ,, 
t) Zinc sulph .. S\te •• 0.011 
g) Soya bean oil • • O. 2 ,, ,, · 

pH 6~0 initia1, 8.5 final 
3.6.2. Except elucose all th?. coaponents are mixed in the clixing tank 
to '3-3 and pressed to the ferl!lEnter. The proceedure for sterilization 
is ths same as in ol.?tar ferm\!nters.(2.6.2) Glucose is storilizcd 
separately for 30 minutes at 115•9,cooled nnd added to the vessel. 
Th~ 35-3 fenmt·cr has both jacket and cooli11e coils. Water is pum1,1?d 

in :to both of them for cooling and temrerature control. 

J.6.J. Seeded volwne 

1·5 113 •• 
20 J13 •• 

35 M3 •• 
).~.4. Parameters. 

Mediwn 
9.5 u3 

3 11.5 l1 
17.5 u3 

seed 
1.§ y3 
1.5 • 3 

4 al 

additions 

1.5ra3 

2 113 

2.5113 

:it h~rvcst 

11.5 Ml 
14 rit3 

22 u3 

a) Temparature •• 2a•c, through pieuaa tic control with water 
aupp].J to cooling coils. During summer water returned from Penicillin 
fe1'9enters are used to circulate in the cooling coils here. No he~tinz 

. •1atem is provided. 
b) pH io measurad and no automatic control syate11 is availnble. 

c) Aettation constant at 170 rpm. 
4) Dissolved oxygen or oxyeen uptake rate is neither meas;ured nor 

controlled. Air is apargcd a3 rollowine: 
. Por 10.5 m3 •• 480 i!3 I hour 

3 ' 14 u •• 600 ,, ,, 
3 22 N • • 800 , , , , 

e) Assays aro conducted '>nee i11 8 hours in shift till 96 houro. 



3.6.5. ~cept 1r.1ter ~.llld oil 
3. 7. liU'Vest. 
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~dditions ere carried 9ut. 

After steaming ths harvest line, the broth is taken d~rectl1" to the 
retention tank, to be mixad ·.ri.th ion excb:l118ar. No f'ilterati0&"1 is 
carried out. 
).8. Suggestions. 
).8.1. !he method or culture preservation by l.yophilization ol spores 
~:1ead to long tenn det'l!rioration of productivit7. Previous 
experience with several. h-:.mdred actino1!1.7cetous cultures have indic~ted 
severe loss of reproducibility 3.lld productivit7. Preservation of' 
vegi.tative Jll1'Celium grown in medium, distributed in vial.s 2 •.1 each 
and kept in liquid nitro~en, is the best method ~or actinoll,J'cetous 
cultures. Even preservati~n in ~cerine and kept at low temparature 
can be tried. These have been suggested to them. 
).8.2. Checking of productivity 3hould ~e carried out in two st3.ge 

sbalcen flask fermentation, and not in singl.e stage rerme?1tation. It 
is advisable to prepare seed material b7 growiJle.apo1:ea in sh.-"\ken 
flask medium fpr 2-3 days, check pH, growth and P.C.V and transfer 
~seed to production flaeks to check productivity.(J.1.4.) 
).8.J. Direct spores inocula~ion in the I stage inoculator should be 
avoided. The growth phase ini.tiall.7 is prolonged for a large volume 
of :300 lts. It is advisable to \lSe grown Jl\Y'Celium in fiasks. for 2-3 
da7s, pool _them and uoe 0.2-0.5 ~ seed for the inoculator tank. This 
will initi!l.te:zood grotrth in the I st~e itself. llso tho inocub.tor 
will be susceptible for contamination due to lack ot growth of 
actinom.rcetes_in the initial stages.(J.2.6.) 
J.8.4. There is only one autoclave tor all the laboratories. This i3 
also ot prill'.i.tive construction without even a tenapara.ture indic'ltor, 

I 

ti~er ~r e~L~ust cycle facil~ties. New autocl.ilv~ has to be installed 
aa·preparatio4 of seed will become critical if the medilUD and ~lass
ware are not sterilized pror:~rly. 
J.8.5. As already indica.t·.~d (2.8.1.) air filter J!loelific:ition or new 

' filtero arc a 1:iuat. 

J.8.6. Air 01K1.rcnr r;1culificatlon nhould be rlon"l to i::1prov11 ,,;ro•:rth :inii 
productivit;r, 
3 .6. 7. Now '1ir flew cont:··:> 11 ':r rP.cordcr i3 111?ccss'!..Lry for 1-·rol'':r 

' 

aera.tion. 
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3.8.G. J,gttator blades may be modified for proper oxygen distribution. 
3.8.9. As the aediwn contains c~rn starch, oorn flour and soya bean 
nour, it will; definitely form a slurry when the volume of 3 r.13 onl.7 
is llixed for 22U3 seeded volume fermenter. There will be a tendency 
to fora lumps and once they are heated it forms a hard. crust. Heat 

I 

cannot; pene~rate this lump and this ms.y be one of the reasons leading 
to ~gh rate of contamination at times. Enzyme .!Qr4ro_J.7sis of com 
starch should be carried out for thinning out and better utilization 
of starch. 
).8~10. Glucose sterilization done separateJ.7 is not proper17 steri
lis84. (J.6.2.) It is better to sterilize at 12o·c for 20 minutes 
rather than improperly sterilizing at 115·c for 30 minutes. It is 
ad~aabla to use pharmamedia and com steep liquor instead of soya 
bean fiour defatted. CSL along with calcium carbonate fora a perfect 
~far for the mediw:i also. 
).8.11. As in the case of Penicillin fermenter open ended vent lines 
without Bll1' steam connection directl.7 leading in to the dirty pit 
of' ~~ll harbour millions of bacteria. The 91stem bas to be modified 
wit~ proper antifoam control and contin~ous 9il additionby' peristaltic 
pump or solenoid valve connection. 
).8.12. Acurata temperature indicator controllers are to be installed. 
).8,.13. pH indicator controllers are veey essential for the fermenters. 
J.8.14. Analysis !or pH, sugar, ammonia nitrogen should bB done 
atleaat 4 hourly and action shiuld ~e taken against these on parameters. 
Bat~hea record should be maintained on day to day basis wi)h graphs 
in order to monitor the batches properly. 
).8.15. Production in plant. 

a) - Average produ;::tion in f'ermenter •• 4 gms/lt 
- VolUme at harvest in 15143 

f e::menter •• 11 a3 

- Yield per !ermente1· •• 44 Kg 

- No of batches taken in a year 
per re::menter •• 72 

- Np of batches run tor 2 

!ermenters •• 144 
- Total yield for 15;43 'f'ermenters •• 

b) - VolWJie at :harvest in :20 M3 

'f' e rrnE n t er 
' 

•• 14 M3 
' 

- Yield per 'fermenter , •• 56 Kg, 

I II I I I I 

' 6336 1tg 
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- Mo of batches taken in a year 
per fermenter •• 72 

- No of batches run for 2 
fementers •• 144 

- Total yield for 20 gl f ermenters 
c) - Volume at harvest in 35 K3 

f er~enters. 22K3 

- Yield p•~ fer;nenter • • 88 Kg 

- Mo or batches taken in a year 
per fermenter •• 72 

- Total yield for 35 M3 f ermenters 
- Total yield for 15MJ,20M3 and 35y3 

f ermenters 

- Yield &rter purification at 58~ 

•• 8064 Kg 

•• 6336 Kg 

•• 20736 Kg 
•• 12026 Kg 
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4. Oxy tetracycline. 
4.1. Clllturc ~ labor;,itory !2!:!.• 
4.1.1. The culture Actinomyces rimosus 7-746, produces on an averaae 
8-9 gm/lt. The culture has probably come from China. There ia a 
separate laboratory for slant preparation, cu1ture maintenance and 
seed preparation. The aolour of the slant is brownish, pigmentation 

I 
if any is masked by the oolour ot the medium itself. 
4.1.2. The slants are grown 0& the following agar mediuas 

a) Wheat ~wn flour •• 7 f. 
b) Agar •• 2 '1' 

pH 7.0 

4.1.J. The slants ar6 incubated at 37•c for 5-6 clays, when they are 

ready. Strain selection is done on agar plates and chicted ~ontinuously 
for proper pr~uction. Slanta are usually utilized in a llOll~hs time. 
4.1.4. Culture preservation. 

a) The Sldtace growth/ spc;res are scr11ped and put in 2JDl. of 
I 

sterile water and skim milk. 0.2 lll.l. of this is suspended in:ampuiea, 
freezed and hooked on to tke lyophilizer for 18 hours, under 750 llll 

pressure. Prom one ampule usually 3-4 alanta are prepared. 
b) Spores are also kept on sterile soil. Soil is sterilized in 

flasks and dried under vacuum. Spores ar4i! then inoculated 6ri thia soil. 
This is 111lored for more than 6 months. Prom thia alanta .,re ;prepared 
and checked for productivity. 
4.1.5. Cu1ture testing in shaken flasks. 
This is carried out in. two stage termentation in fiaaa. !he following 
medium is used in I stage in fiaaks. 

a) Corn starch •• 3~ 
b) Ammonium auilphate .~ 0.4 ,. 
c) Potaasium di hydrog~n phoaphate •• 0.2 ,, 
d) Coni ~teep liquor •• 0.5 ,, 
e) Soya bean fiour •• 0~3 ,, 

I 

t) Calcium carbonate •• 0,5 ,, 
pH 6.~-6.8 

One loopful ot the culture 1 is inoculated in thia medium and·run on 
sha.kera. 

:) Temparature •• 2B-29•c 
) Rpm .:. 240 I 

) 100mlf 500 ml !lask' 
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~T) 30-32 hours age. 
4.1.~. CUlture testing in shaken flaaka : fermentation flaska. 
!he following medium ia utilized for the fermentation flasks. 

a) Corn starch •• 7.5 f. 
b) a-onium sulphate •• o. 75 ., 
c) Potasaiua di hfdrogen phosphate •• O.OJ 
d) So7a bean flour •• 2.0 ,, 

•) Calcium carbonate •• o.8 '' 
f) Sotiun chloride •• 0.2 ., 
g) So7a bean iil •• 1.0 ,, 

2.5 ill of thia aeed is used to inocu1ate 50 Jill. of fermentation flask 
i -

•41WL(5f.). Parmteters for the run. 
i) !eaparature •• 28-29•c 

1i) llpa •• 240 

iii) 50 al/ 500 al flaak 
iv) 168 hours age. 

Pinal check ia carried oat in the centrkl testing laboratol"J'. 
4.2. Inocu1ator tank. . -
4.2.1. !here are 3 stain1es• steel 580 lt inocu1ator tanks. The design 

I 

ia .... aa found in Kana11t7cin.(J.2.1.) (2.2.1.) 
; . 

4.2.2. Dimenaiona are the same aa in ltanamycin.(3.2.2.) 
' 4.2.). Air filtera,packing, sterilization 9.l"e the same as in Penicillin 

or ~8Jl'1cin.(2.2.J.) 
4.2.4. Kedia composition. 

a) Corn starch •• 6 I 
b) ~07a bean flour •• 2.5 ,, 

I 

c) SodiJllll chloride •• 0.4 ,, 
I 

4) Ammonium sulphate •• O. 7 ,, 
•) Calcium carbonate •• 0.1 ,, 
f) Potassiwo di hydrogen phoaph~t• •• 0.04 ,, 
g) loya bean eil •• 0.2 ,, 

pH 6.5-6~8 
I 

4.2.~ ... 41~ sterilization is done as in Penicillin.(2.2.5.) 
? 

4.2.~. Prom th< alants the spores a~e inoculated in aee4 flaaR• aa 
4eacribe4 in 4.1.5. After 30-32 houra of erowth, three of these eeed 
flasks are pooled and seeded in to th• inoculator tank, 300 1111 tor 
300 lt amounting to 0.1 ~seed • This ia done through the cap on the 
manhbl• cover with the help or an alcohol swab flame. 
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4.2.7. Paral!letcrs. 
a) Temparature •• 28-29·c 
b) Aeration •• 450 lp1a 

c) Agitation •• 220 rp.~ 

d) Over pressure •• 0.2 ~clil2 

e) !ime • • 48-72 hours 
4.2.8. Onl7 temparature control through hot water circul.ation iD 

~acke~ ia carried out. This is also dou manuall.7. 
4.3. Seed tank. 
4.3_.1 :-fhe~e 2 carbon steel 6 •3 vessels and 1, 4 s3 atain!.ess 
ateel vessel. '!he gereral vessel description is the aaae as in 2.3.1. 
4.3.2. Vessel ~imensions a.re the saae a8 given in J.J.2. 
4.3.3. Air filters are the same inclwlin~ the packing material. 

i . 

4.3 .• 4. •edium composition. 
a) Corn starch •• 6 1' 

·b) So7& bean flour •• 2.5 ,, 
c) Sodium chloride •• 0.4 ,, 
d) Ammonium sulphate •• o. 7 ,, 
e) Ca1cium carbonate •• o.6 ,, 
f) Potassium di lqdrogen phosphate •• 0.04 ,, 
g) Soya bean oil •• 0.1 ,, 

pH 6.5-6.8 
4.3.5. Kedium sterilizatio11 is carried out as in other antibiotics. 

(2.3.5.) 
4.3.6. Seeding is done through the inoculum transfer line. 300 lts 
seed are transfered to make 2 M3 seeded volume. Por the 30 g3f ermenter 
3 K3 aeedecl volume is taken up as a special case. Medium anal1sia is 
done tor : 

a) S\18U" 
b) Ammonia nitrogen 
~) Phosphorous 
d) Perric oxide 

4.).7. Parameters. 
a) !emparature r• 29·c 
b) Aeration •• 3000 lpm 
c) Agitation rpm •• 220 
cl) Over pressure •• 0.2 Kg/cm2 

•)Running time •• 36 hours 
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4.3.a. femparature aud aeration control are manuai. 
4.4. Perm.enters. 
!here are 6 fe:naenters of 15-3 and 1 of 35:-t3 carbon steel make. The 
description is the same as in other products. 
4.5 Design ~ vessels. 
De~ip and dimensions of 15 -3 are as in 2.5. ancl. the 35 •3 a.-:-e as 
in-3.5. 
4.6. Jlecliwa !£ !!!!,. process !!!!, parameters. 
4.6.1. Jle4i.WR composition. 

a) Corn starch •• 3.5 ~ 
. b) Corn nour •• ).5 " 

c) So7a bean fiour •• 1.5 ,, 
4) Socliwa chloride •• 0.2 ,, 

•) Alaonium S1U191thate • • O. 7 , , 
f) CalciWR carbonate • • o. 7 , , 
g) Potassium di h,rdrogen phosphate •• 0.0) ,, 

h) Soya bean oil •• 0.1 ,, 
pH 6.o-6.3 . 

4.6.2. il1 the coaponents of the medium are m:i.Xed in the mixing tank 
an4 sent under pressure to the fermenter. It i• atefiliz•cl. in the 
aaae manner as. in the other fermenters. 
4.6.J. Seeded volume. 

15 .3 •• 9 a3 +additions 2113 •• at barre st •• 10.5 • 3 

35 113 •• 20J3 + , ' 4n3 
•• '' •• 22 g3 

4.6.4. Parameters. 
a) ~emparature •• 29•9 , with pneumatic control valve with 

ord.iDarT water supply to the cooling coils. 
b) Aeration •• 1: 0.7 
c) Agitation •• 170 rpm 
cl) Aa•&.7 done once in 8 houro till harv9st at 168-200 hours age. 

4.6.5. Addition during fermentation. 
a) There ~s 6 Kl corn starch solution t~. 3~ corn starch is 

prepar•d, liquified wit~amrlase addition. The temparature of the 
starch aoluti~n is kept at 40'C all the ti~e. 4 shots are added aftP.r 
24 hours 3ge,· ever"/ 20 hourR ona shot or 2~0:1ta. There is one 500 lts 
stainless steel holding t~nk with crude level indicator. 

b) '?here is a li .. 1uid ammonia tank o! 50 lt capacity. 25~ ar.unonia 
' ' ' 

' 
' ' ' 
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is kept without sterilization and added to tbe fermenter trom 50-140 

hours to keep pH under control. 
c) Soya bean oil additions are donefrom time to tiae to mmu&lly 

control f oaai.ng. 

4.7. Harvest. 
The br.oth is taken to the pre treatment tank and pH is ad~uated with 
oxalic acid to pB 1. 6, before fil:tration. 
4.8. Suggestions. 
4.8.1.CUl.ture preservation b7 }7ophilization, aa al.read7 inclicated in 
(3.8.1.) a&J' lead to loaa of Yi.able aporea and productiTit7. Using 
atel'i.1• soil ~ be an old practice, but ono has to be very careful 
in the proceedure of sterilization and maintenance. The best methocl 
suggested, as earlier is to preserve vegetative 1117celia in liquid 
nitrogen. 
4.8.2 •. Testing of cul.ture in shaken f1aslcs. 
The Mdium containina 7.5~ corn starch should be enzyme Jl¥drol.yaed and 
then used. Direct starch sterilization will definitely 1ea4 to thicker 
non sterile medium and soaetiaes prolongation of fermentation cycle. 
Por such a rich medium shaker rpn appears very low. The oxygen transfer 
in auch a a~d~ in iniHal. atagea will be low. It is better to use 
high rpa shakers upto 400 rpa for better productivity. 

I 

4.8.J. Seeding~ in inocul.ator tank as seen (4.2.6.) is 0.1~. Though 
it is claimed that this is i6ea1 it is better to check and increase 
it to 0.3-0.5~. This will enhance the seed growth prior to transfer 
at 48-72 hours age. 
4.8.4. Air filter modification or new cartridge tilters must be 
carried o·i-t/ installed. 
4.8.5. Air sparger modification along with P.gitator blade will lead 
to better oxygen absorption. 
4.8.6. Bew flow recorder controllers are necessary for better aeration 
control. 
4.8.7. Vent line modification has to be carried out as specified in 

(J.8.11.) 
4.8.8. Acurate temporature indicator controllers are net:?ded. 
4.8.g. pH indicator and controller with pcriat3ltic punp or solenoid 
valvo• and addition pot• have to be !Jrovidcd,for proper pH control. 
4.8.10. a) The fermentation rnedium cont::iina ~om starch 3.5~ along 
with ,com flour 3.5~ and soya bean flour 1.5~. Proper rnixing t:uilcs 
are no:t there as the volwnc of r.iixin6 t?.n~, /rn3 is, Vtu·y low. At i:eaat 

' ' 

' ' ' 
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6 -3 mi.zing tank is essential. especially for a working volume of 22~3 
in the 35 m3 fermenter. 

b) Due to the composition, the medium is very thick and vi::1cous 
hence sterilization is difficltlt. I~ is worth while to eydrolyse the 
corn atarch and then mixup the rest or the ingredients, so that the 
aediwa is not veey thick and the orc.3llism is able to utilize the stare!\ 
readi}7. 

c) -Com steep liqaor and phal-.emecl.ia 1!11.lst be checked in the medium 
for tmoctuctivit7. 
4.8.11. Additions to the fermentation c7cle. 

a) Starch addition of 75 rg, 4 times at the rate of 0.75~ of the 
Yoluae of the fermenter is done at randon. Broth analysis carried out 
at critica1 stages 20r 4 hourJ.7 will cJ.ve ~orreot indication of starch 
avail.abilit7. 

b) !here is no re~l.J' available sugar source like glucose in tl:e 
medium, till the ti.me starch or corn flour is degraded in to assimilable 
sugar. Initial addition of 0.5~ or 1~ glucose ~'\S to be checked for the 
cul.ture, whether there is repression er norm'3.l growth and production. 
!his can be carried out in the pilot plsnt trials and steps can be t..!k!!n 
accorclingl3'. 

c) Liquid lllll'DOnia 25~ is added ~it~out any filtration. Bacterial 
filtration is a JDUSt for any addition of liquid witho~t sterilization 
in to the fennenter. The whole tank ca..~ be sterilized empty e..~d 

ammonia can be pressurized through ieits filter in to the tank. The 
lines should be sterilized o;li. th stea!!l and connected properly, and not 
with air. 
4.8.12. Production in plant. 

a)- Average production in fermenter •• 10 gm/lt 
- Volwne at harvest in 15 g3 

fermenter •• 10.5 !43 

- Yield per fermenter •• 105 Kg 
- No of batches taken in 1•. ye.!.r/ 

rerl!IP-:': t•?r • • 39 
- Total no of batchearun for 6 

!Prir.e:1 t.cr • • 234 
- Total yield for 15 ?!3 f•~rment..:r 

b)- Volw~e at harvest in 35 M) 
ferrne:• t· r •• 22 ;13 

I I I II 

•• 24570 Jtg 
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- Yi~ld I reno.enter .. 220 Kg 

- Total no of b~tches taken 
for fermenter •• 39 

- Tota1 yield for 35 u3 
fermenter •• •• 8580 Xg 

- Total yield for 15 uland 35 1-13 f e:n:ienters •• )3150 Jrg 

- Yield after parification at 61~ •• 20221 Kg 
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5. Rifampicin. 
5.1 ~ Culture 2 labora:torz !!.2!!_. 
5. l. t. The culture streptorayces m~di tcrr::meous -80, produces en an 

. ! 

avei-age 5-6 · gm/lt. There is a ser•crate laboratory for the pre!'aration 
maintenance and seed preparation. The cul.ture is light trowil surface 
cul~ure on slants with faint y.ello~ pigmentation on the agar. Coloni~s 
on ~he agar look light. browniSh red rith 5 mm diam~ter growth ot 
roaettea. 

I 

5. 1 •2. !he culture slants are gro'1?1 on the follo\rlng agar mediu:a. 
a) :Beet enact. • • o.1 'J, 
b) Casein lqdrolysate •• 0.2 ,, 

c) Yeast. powder • • o. 1 , , 

4) Glucose •• t.1 ,, 

•) ~- •• 2.0 '' 
. pH 7.2 

5.1.J. !he alanta. are incuba:ted at 27•0 for 5-7 days and then in the 
re:rrigerator tor 2 months at 4•c. It is cl!limed that upto 3 months 
st~ra&" there ia no loas in production. Strain selection is carried 
out regularl.7 on apr p1a:tea.and then on to slants. Testing is done 
regul.arl.7 froa the slants. 
5.1.4. Continuous sub cu1turing.and strain selection are done amd no 
permanent preservation is carried out. 
5.1.5. Culture testing in. shaken flasks. 
Thia is.carried out in 2 st~e fermentation. The following mcdiUD is 
used in I st3ge fiask. 

a) Glucose •• 2.~ 
b).S07a:·bean flour •• 1.0 ,, 

·c-) Casein bydrolyoate •• 7 ~ 
cl) Sodium chloride •• o. 5~ .. 

. pH 7.5 
One loop.tul ot the culture in inoculatcid in to this medium and run 
on shaker. 

i~ Temparature •• 27•c 
ii) Rpm •• 240 

iii) 50 mlin 500 :al : !las • 
iv) Age •• 72 ho\.U"a 

I 

5.1.~. ·Culture teat:1n6 in fermentation !lnsks. 

II 11 I 
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The!ollowin~ metlium is \lSCd in fernent;ation n•lsks. 

a) Gl'1cose •• 9.35 ~ 
b) Soya bean tlour •• 3 ,, 
c) Ammonium sulphate • • O. 9 , , 
4) Potassium di hydrogen phospl1~te •• 0.17 ,, 

•) Propylenegl7col •• 0.5 ,, 
f) Jlapesium sul.phate •• 0.01 ,, 

g) Gl.7cerine •• 4.0 ,, 
h) Cal.cium carbonate • • O. 9 ,. 
i) lodium barbiturate •• 0.17 ,, 

J) Copper sulphate •• 0.0033 ,, 
lt) Perrous sul.phate •• O.Ot ,. 

1) Zinc sulphate •• ~.05 ,, 
a) Cobalt chl.oride •• 0.0002 ,, 
n) ifanganous su1phate • • o. 0001 ,, 
o) .Alllaonium mol.7bdate •• 0.0001 ,, 

pH 7.8 
5 ml of seed (1~) is used to inoculate 50 ml of the fiask medium. 
Parameters· are 

~) TDlpara.t~e •• 27•c 
11) Kpm 240 

iii) 50 ml in 500 ml. fl.asks 

iv) Age 240 hours 
1ina1 check on activity i3 done in the central testing laboratory. 
5.2. .-In..,o ... c...,u.,.1-.a..,,t ..... o ... r ~· 
5.2.1. There are 3 stainless steal tanks or 500 lt capacit1. The 
tran.afer· line.is slightly different aa it is punched at the sides or ' 

' 

the tank. Rest of the cciuiections a.re the s::u:ie as in Kanam,ycin. There, 
. is a ring sparger Wllike in other inoculators. 

5.2.2. Dimensions are the same as in Kanainycin. (3.2.2.) 
5.2.J. The air filter Jacket is conn~cted with steam unlike in other ' 
inocul.atora. 
5.2.4. •ediwn composition. 

a) So1a bean flour •• 1.2 f. 
b) ,Glucose •• 3.4 , , 
c) 'PotaasiW4 di hydrogen pho3phatu •• 0.1. , , 

' 

d) ,Ammonium sulphate •• 0.6 ,, 
e) : Calcium carbonate •• o. 5 , , 

" ' 



- 49 -

• 

lnoculator 

Inoculator and seed tank 

111 



I I I 

- 50 -

f) llagncsiwn sulph~t;e • • o. 1 ~:. 

g) 14anganous sulphat~ •• 0.001 ,, 
h) Zinc sulphate • • o. 005 , , 
i) Perrous sulphate •• 0.001 ,, 
j) Soya bean oil •• 0.2 ,, 

pH 6.5 
5.2.5. Mediwn sterilization is done in the same way (2.2.5.) 
5.2.6. Proa the slant one l.oopfu1 of 3p~res are inoculated in to the 
seed flasks as in 5. 1 • 5. After 72 hours the gro~tth and pH are checked 
and 5 ml of this is transfered to II seed flasks of 100 ml in 500 ml 
fiasks. !his is nm in the same manner as shown at. 5.1.5 ito iv for 
48 hours. Ten of these flasks are pooled (1 lt seed ) to inoculate 
150 _l.ts mediwo in the inoculator tank. 
5.2.7. Parame~ers. 

a) Temparature •• 27 .5•0. The control here :is dons F.utomatica.lly 
with pneumatic control valve. 

b) Initial ae~ation is kept at 1 :0.5 (75 lpP)upto 36 hours arld 

increased to 1:1.2 (180 lpm) till it is transfered. 
c) agitation •• 220 rpm 
d) OVer pressure •• 0.2 X!;icm2 

e) Time •• 53-68 hours 
5.2.8. ~eept for the t~mparature automatic ~ontrol no other controls 
are available. 
5.3. Seed tank. --5.3.1. There are 3 carbon steel t~.n1ts of 3 M3 capacity. The air inlet 
is from the side of the tanlc. Steam condensate from the seed tra11sf er 

' 
line is drained throue;h inoculwn valve in tr.:Jns1·er line. 
5.3.2. Vessel dimensionu o.rc the name as given in 2.3.2. 
5.3.3. Air filter is the same a.J in 01.hcr sc~d t;<J.Ilks. 2.3.3. 
5.3.4. Medium compotli ti on. 

a) Soya bee.n tlo~~ •• 1.2 ~ 
b) Glucose •• 3.4 ,, 
c) Potassiun di hydrogen phosrh·J.tc •• 0.05 , , 
d) Ammoni•JJn sulphate •• 0.6 , , 

e) Calcium carbonate •• 0.5 ,, 
f) Magnesiwn sul1•h:ite •• 0.1 , , 
g) Manganous a1alvh~~e •• 0.001 ,, 
h) Zinc sulphate •• 0.005',, 

i) Ferrous sulph~1t.,., • • 0. 1J~1 • , 

I II 
II I I I I 
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j) Soya bem1 oil •• 0.2 ~ 

pH 6.5 
5.3.5. llediwn sterili~·lticm is c:~rri ~a. out li'<e in other se•?d tanks. 

(2.3.5. or 4.3.5.) 
5.J.6. Seeding is done t!lrough inoculU!!l tr::-nsf;r line, to have 1.5 ?13 

seeded vbl.ume. 

5.3.7. Parameters. 

a) Tem:i-rature •• 27.5•c 
b) Aeration initially 1 :.5, l.P..ter on incre·.tsed to 1 :1.2 

c) Agitation rpm 220 
'> 

d) O'ler pressure •• 0.2 Kg/clli~ 

a) ~ime 36-48 hours. 
5.3.8. Temparature controlled. ·CJ.!1d no other controls are provided. 

5.4. Permenter. 
There are 4, 20 r43 carbon steel ferm•.mters. Dezc·ription is th9 same 

as in Penicillin.(2.4) 
5.5. DesiQl of vessuls. 
Design and dimensions are the s;1J.te as in 2.5. 

5.~. !!eiiwa for the process and ~~.meters. 

5.6.1 .• Bedium composition • 

a) Soya bean flour •• ).5 ~ 
b) Glucose •• 6.5 ,, 

c) Potassiwn di hydrogen I>hosph:ite •• 0.05 , , 

d) Cane sugar •• 7.0 ,, 
a) .Ammoniwn sulphate •• 1.0 , , 

f) Calciw:i carbon:ite •• 0.95 , , 

g) Uagnesium sul1>hate •• 0.0135 , , 

h) r.bnganouo sulph'3.tc •• o.o·.J04 , , 
1) Zinc sulphate •• 0.005 ,, 

j) Ferrous sulphate •• 0.001 ,, 

k) Copper sulph~te •• o.ooo;J ,, 
l) Ar.Jr.lonium molybrl 1tc •• 0.0.-101 , , 

m) ~Odium barbi tur·ltC • • 0.6 ,, 
n) Propylene~lycol •• 0.5 ,, 

0) Silicone oil •• 0.025 ,, 

p) Soya bean oil •• 0,1 ,, 
pH 6.5 
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5.6.2. !he medium is Mixed in th•.! 31..:::.in~ ts.nJc :md sent up to the 
vesse1, sterilization f"ollow:J in t~e s3oe nt:.inner. 
5.6.3. Seeded :vo1umc or the ferm~ntcr ifi 14 a3. 
5.6.4. Parameters. 

a) !emparature •• 27.5·c. Contro}. is m!!.llual unlike in other 
antibiotics. 

b) Aeration •• upto 12 hours 1:e.1, then ~ly increased to 

to .1: 1. 

c) Agitation •• t70 rpa 

d) Age •• 180-240 hours 
5.6.5. Additions. during the cycle • 

. a) Oil. addition done accord.in& to foaming conditions. About 330 lts 

are consumed. 

b) J~ Sodium h.rdroxide uolution is kept in a tank under pressure. 
One stain:less steel. l.iue is connected to the fermenters from this ta.'lk. 
!hie l.ine is connected to the air inlet li.."1.c. Is.s and when pH control 
is required this is added • 

. c) 800 lts of the original cocposition of the medium iE aiied 
3 tines. 
5.7. Harvest. 
The broth is taken to the pretre;..•.tcent t~k for cooling ::md for filt
ration. 
5.8. Suggestions. 
5.8.1. Culture preservation as ad·.Tis<:d in 3.8.1. is to be carried out; 
preferably in liquid nitro;en. 
5.8.2. Testing of culture in sh:1k(?11 flasks. 

The fermentation fl:isk ncdiun con ta.ina 9. JS;~ glucose. If the .,,hole of 
it is taken in the initial r:ieiiur~. there is bound to be catabolic 
repression.due to excess of clucc~c. The pH will tend to !all very 
rapidly upto 20-36 hours aee as the w?diwn also contains Potassium 

di b¥drogen phosphate o.17~. It i~ advisabl~ to take only 2" ~lucoae 
initially and add the reat of thr. ~luco~e '.lnd propyleneglycol every 

24 hours in 6 or 7 additions, ·'lft!?r ~me:ir analysis. 
5.8.J.Air filter modifications a~ :su~.:;este1 earlier (2.8.1.) is a 
necessity. 

5.8.4. Rir1g Sparger alon~ ·ri th aci. tat or blnd.c :?1')dification v1il.l l~'.•cl 
I 

to better rrqductivity. 
5.8.5. tlew air tlow ccr..t.rclll1!r m.i.l ri?cord~r ~·.r: nece~u;;iry for !'rop•:r· 
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aeration and control. 
5.8.6. Vent line modification should be car~ic~ to avoid cont:-..•in~
tion. 
5.8.7.Temparature coutrollcr3 should be Et.."lde :i1..1.tomatic ·t1ith electro:iic 
indicator controllers. 
5.8.8. pH indicator tu1d controllP.rs ~u-e very essential for the prolo
nged fermentation cycle. 
5.8.g. a) The illi tia1 mediwil in fermenter cDntai.n 7~ cane suear and 
6.5~ glucose. This vrill lead to catabolic repression as. indicated in 

5.8.2. Initial ~glucose with 0.5~ cane su,r aay be the ideal 
medium • .Ab-ter 30-36 hours, after checking the left over sugar, the 
rest of the glucose, P.nd cane su&ar can be added in st:iges.Sodium 
barbiturate and propylenegl.ycol ~lso should be added in stase~. 

This will give proper sugar feed to the fer:.ienter and also th'! pre
cursors at critical tirae. 
5.8.10. Addition of sodiwn h7ctroxide thro~h the fermenter air line 
should be discontinued.There are alw~ys chances of the caustic soda 
remainjng in the line after the batch, and pH abnormalities will occur 
in the next batch. Caustic soda will also corrode the ms pipe line 
le~g to pitting and pores. The line ma:r have to be replaced subse
quently. 
5.~.11. Production at plant. 

- Average production in fer~enter •• 3.5 gm/lt. 
- Volume at harv~st in 20 !t3 

f cr:ienter 
- Yield per fermenter 

- No of batch'?s take11 in 3.Jl 1e~r/ 

fermenter 
- NO of batches rw1 for 4 

- Total yield in farr.tentera 
Yield nfter purification at 25~ 

•• 
•• 

•• 

1 t a3 
)8.5 Kg 

21 

84 

•• 3234 IC~ 

•• Bo8.5Ke 
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6.1.. Pilot plant. 
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6.1.1. There are 2 inocu.lators of 200 lts c·1ch. These arc ma.ck of 

stainless steel and t!le desien i:.; the same :3.s seen in production 
block. The inoculum developed is utilized t;o sr~eding the seed tank. 

6.1.2. There ~s one, U.'13 seed ta?1k of same design as in prodt•ction 

block. The II stage seed is utilized to seed t~e fermenter. 

6.1.J. There are two carbon steel 3 Ml fermentnrs with a workin~ 
voiume of 1.8 •3. This is a jacketed fermenter ~i th inceulum inlet 

line, air inlet line, sainpla line, harvest line with respective steao 

connections. 
a) ~empa.rature control is done manually. 

b) Air flow is also controlled with mnuual operation with rccorier 

to ;indicate the aeration rate. 

6.1_.4. It is very essential that in order to study the culture chara

ct~ristics of new products und to tlo scale up work the follO\'fing 

accessories are to be procured, <'Ind install~d .• 

a) Acur.ate temperature indicator, controller and reco:rdern. 

b) pH indicator, controller and recordf?rs. 

c) D o2 indicator, controller and recorcers. 

4) P co2 indicator, controller and recorders. 

e) Cartridge air filters 

t.) Vesoel has to be clad inside \1i th 2 mm thick stainless ste~l 

316 quality s~eet. 
g) Sparger and agitator blad.f!S are to C-a m;i.de of SS 316, a.rid 

modified as per the dir.iensions given to them. 

h) Different media componentn arc to hP, made available to run the 

pilot plant. 
1) Stainleso steel addition pots are to bn installed for dozed 

additions during the fern·:?ntation. 

6.2. Reseu.rc1! ~ devclop1.1ent. 

6.2.1. 111.crobiology. 
This &tD group is ·.,heacled by Ur3.Le Ke Sul: trn.ined in U.S.S.!t. T~n 

usual methodology is to do strain in11rovem•.:qt, m~dia studi~s, temp

aratura studies with the ].iriited e1u:i.r .. :e11.t available.::o work is 

carried out on Penic.illin 2train. So1·1'? tin'·'~ d~lD, to non availa.bili ty 

of pilot plant the strains aro tried direr.t.ly in' production rermentr:n;. 

a) In tha;oeaao of Rifnm}Jicin, by the 1 11~~thod of otrain aelecticn 
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and media improver.i<mt frnri JJJO 11/al t:H! rroi:la~tion r;.t.~ h~ts ~one 

up to 5000 u/ml. 
b) Strain selection '-H!'l !'lC?•li·1 wndc i:-: alno carrit?d out for 

Tetr-.i.cycline "hich is at rrr::Jcut at 10 t;ri/l t. 

c) Erythror.vcin :;tr~:i.n i3 al~rn \;.·~ :i~ ·:rorkr.<l out. At prt:So:?h t. th!! 

yields arc low at 2 em/lt. 

d) Gentami.cin is al.so bu in~ ;·:orked in the !1ilot plant level -:ii th 

very low 7i~lds. 

Lack of different raw mat£-ri:ils lhat are C?.sily available in other 

countries like cotton seed protein f!o~, c.3.l, bydrol are a h'.llldicar; 

La.ck of equipment like sinkers 1'1i th cliff erimt ~1Jeed and incubator 

shsker,impedes any kin•l of resear~h -,,ork. 

6.2.2. Attached to tlle Bt;·1>, i:hcre is a lal.Joratocy for checkin!; on 

purification methois. They ilii.Ve .:.i.iffcrent ~las::; columns of 8-10 cm 

diameter and r:ll.nimal a::iow1ts of diffc'?rcnt re~insto check for dif f~

rent purification processes. They do not h!ve ~my l~ediwa pressure 

liquid chror.'latography or drcplet col~HtP.r c1ir.!"!!nt chro:natogra!)'iy or 

laboratory counter cur~·ent e:ctra-.::tor. 
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7. !erviCP.Se 

7. l. Compressed !!!:_. 
7.1.1. There are 1) pi~tontypa compres~ors of 10:.13/ minute and 3 
compressors or 40 ~ / 1.::i.nute. Tho s!J3.l.ler one has 75 DI motor and 

the bigger one 250 KW ;~otor. AC. Air is s~;plicd to all thu divisiocs 
from here. 
7.1.2. At the outlet of the compressor the tem~ture of the air is 
120·0. '?hare are different kinda of air receivers.. 3 of 5113, 5 of 1.5!.13 
and 4 of 4 al capaciq. !he7 are 011 both sides of the compressor 
house. After the receiver there are water coolers where the l'il'e lines 
of water are verticaJ.I.:r mounted inside the vessel. Here as much of the 
moisture is removed from the air. The water return liue a.."l:l air pur

ging is bel.ow the groundlevel. 
7.1.J. After the water cooler there i3 an oil zeparator with pyraoid3l 
plates on top of one ar...other. There are several holes on the plat~s. 
This whole structure can be dis::a~tlad and tak~n out for cle:ining. Oil 
from the air is supposed to be re~oved to ...m. extent inthis separa~or. 
7.1.4. By the time air enters tha ferr1entaticn block the trmp3.rature 
is 35•c. Duri.n& winter ti.ce w~en the a!'llbi"'nt tempar:J.ture is very low, 
air is heated to 35•0, with steam in jacket. During the rainy season 
the hwnidity is high (not u;easured) and there is quite a lot of 

moisture in the air. The cont.:!llli.n4tion r~~e is high as the air filters 
are inefficient durin& this period. Air i~ heated to so·c to keep 
the moist~e in vapour state. 
7 .1.5. The two parallel lines on botll side!l of the co1apressor llouae 
merse and feed the f eI"'!lentation and other ~locks. Por each a.~tibiotlc 
there are to:10 primary filters. insid9 the bu!.ldin~. Proa this air is 

branched off and linP.s are eivc~ to indivii~l vessels. Each vessel 
ao it has been explained a.lre<u:ly ha.z indi•1idual tilters • 

. 7.1.6. Suggestions. 
a) Total air requirement tor thP. !er~uent!:ition block 1ri. th 1: 1 

aeration works out to 350 g3/ :nin.. Over ~11 requirement is claiwP.d 
.at 430 113 I inin ·• The prest!nt over 3.ll c:i.r> .. ~i 4;.7 is 210 ~13 I ·:Lin, i! 
all ot them are runnin~ • Hc:nc.2 the ·iir l_:i.e pressure is low and 
not all the fen1ecter3 :ire in COi;.miscion .. T;10 turbo co1.1pres:Jors 

or centrifugal ones of 200 t~) /.1in v:ill sol·.,g ,t:-.-e air probler.: to a 
great E;Xteni;. 
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b) Efficient syste.'"ll of moisture removal is to supply brine to 

the cooling coils and thus reduce the air temparature to below dew 
point. As the water temparature is 14•0 during sUlillDer this cannot be 
achieved. 

c) It is better to get rid of se"rera1 £lumber of receivers of 

smaller capacity and build one 70!~3 capacity air receiver for the 

backup supply in case c>f })Ower break domi. As the small capacity 
reoeivera;are all parallel in line, back up capacity will be 

very low. 
d) As already indicated absolute ca.rtrid$e filters Tri.th their 

pre filters are very ~:isential. 

7.2. Steam. 

7.2.1. ill the boilers art! coal fir-::d boil.=rs. The coal mine is 12 Kll 
from the factory site. The avcru~~~ cenSU:!.!i•tion is 60 ton/ day in 

sWDer and 80 ton/ day in winter The follo"fdl!~ are the boiler capacity. 

a) 10 ton/ hour •• 2 Ilos. 

b) 8 '' ,, •• 1 ,, 
c) 5 ,, ,, •• 1 ,, 

4)2.5 " " ,, 2 '. " 
e )2.J , , .. , , • • 1 , , 

total 40.3 ton/ hour 

7.2.2. The boiler house serves for the whole plant. For antibiotics 

approxi.Aately 27 tons/ hour is utilized aurl the rest is for other 

products .• The main line pressure for antibiotics is maintained at 

4 Kg/ca2 • Water is treated with Godil!m chloride to remove ~iat~llic 
ions. The precipitated salts are remov•!d in a tank. 

1.2.3. Suggestions. 

a) Diesel oil availa.bili ty s.~ems to b·~ vcrJ limited. It has to 

be imported for nmninc oil fire'l boilers. It is worth while to put 

2 oilfira:l. boilers of 20 tons/ hour c~1ch, ·•:hic:-t are very con:yact in 

size Slld does not pollute. 

b) The present boi lr.ra m:1y po~c n. lw-1 l th h'lzard to par:::1011nel 

because of heavy coal dust. The plu.c'~ alsc. rcq,uires cleauin~ all the 

while. 

o) Water treatment plqJLt ia o::.;~;e:1tial t;o soften Ur> the water fo&· 

the boiler. This can be procurt:id o::i a. pacb..t,~c deal al on~ v:i th the 
boiler. 

7.3. Water. 
I I 

7.3.1. The 11ain water,supply is,rrom the, D~P.doneong river, w~ich ~o 
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one kilo11eter away. Th·~re is con:;tant. "llt.r!r !;uppl.y and no he:ivy 

floodin~ dw·ing the rai.ny sca~;on. Th·~ ri vr.,;r water is taken to two 

concrete wells from whr?re this i ~· pu·:1ped t.o the plant. There iu a 

pW1lp house a little above the river lrvel :'nd this is approac~~tblr; 

. by a narrow llllpaved ro1d. 

There is bore well inside the factor.( !'rernises which gives SU!lply 

at 40. 11.3/ hour. 

7 .J.2. F.or cooling water there arc two pwups which sup.nly at the 

rate ~r 430 K)/ hour and 180 y_3/ hour respectively. Por industrial 

water there are four p•.11!1ps which supply at the rate of 340 u) / hour. 

The t~tal industrial water conswoption per day is 18000 ~3. 
7.3.3. No treatDl'!nt is given to the water ~hi.ch is supplied to th~ 

. l)lant; to remove the matallic io11s. 

7.3.4. Suggestions • 

. a) The pumps as like other equipr:1e11t are outdated. New centrifu

gal pumps are required with :i rated capacity of 500 m.3/ hour which 
can gi'\·e llllinterruptcd supply to the plant. 

b) The -Nater must be treated Y1ith alu:n, s=md filtered, and t2~er1 

throueh·ion excliange for theuse in fenuenters for media mixing etc. 

This de mineralised water will be the best as there is already me~ , ·· 
llic _contamination in the water to add up to the carbon steel fer.:nen

te:rs. RLver water ca11 be taken directly for cooling coils and the 
. . 

jacket or vesse~s. 

7.4. Coolant system. 

7.4.1. There are 9 a111!1onia. compressors one of 40,000 Kcal/hour and 

the. rest with 10, 000 K cal/ hour. As the ambient temparature is ver~' 

low for a:tlcast 6 months inc. yco.r, coolant iB not a probler:i i!l the 

pl~t. This is quite different fro:n the sltuation in.Ania, where 

enormous amollllt of money will be spent for closod cooling ·Na~er 

syatem. I4ethan9l is utili~od for cooline.coils. 
is utiliz:ed in the down strcm:i procesaine;.:irea. 

7.5. Eloctricity. 

Most of the cooliri.t 
I 

7 .5.1. Sub station for the plant is located ,iust outoidc the factor; 

area mrmed by the persoru1ol coru~crninfl th·.\t di vision. 

7.5.2. Power is ... distribut•3d as w1c1er. 

a) Penicillin •• 560 KVA 
b) Xanamycin • • f.371<.YA 
c) OTC •• 1.000 r-IA 
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d) Rifampicin •• 100 KV~ 
e) Water supply • • 20 !CVi\ 

f) SeWrJ.ge •• "iOO AVA 

g) Heating • • 560 KVA 

hj Workshop • • 200 KV~-

i) Packing. • • 150 'C'"!A 
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j) Glass injectible •• 300 KV4 
k) Line laying • • 200 KV A 

7.5.3. Sug~stions. 
SuppJ.7 lines and distribution boards are very old and need replace-
ment. l1anJ' of the boards in t::orridors are open ~d within reach 
of any staff. Remodellinz of the electrical layout is very essential 

as it is a safety hazard. 

7.6. Civil. 
7.6.1. ~he buildine area for fermentati~n works out to approxigatcly 

10,8851' vlith the fol!.o\"rl.ng llreak up. 
a) Penicillin •• 1850 if 
b) Kanan\YCin ••• 1134 ,, 
c) OTC •• 1440 ,, 
d) Rif.1111picin •• 15~0·,,: 

Total 
e) Packing 
f) Pilot plant and others 
g) Change rooms, corrilorn, 

stairs, depot I 
' 

Tutal, 

' 

•• 
•• 
•• 

•• 

5944 r.f 
1179 , , 
732 , , 

3030 , ' 

10885 112 

7.6.2. As refered in 8.1.5. ~ 8.i.6. the buildin~s many of the~ need 
repair and·painting. Ho.::a.d r.onditions arn to be improved upon. 

' 



8. fbint·enance. 

8.1. General. 
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8.1.1. There is a m:rin Wt·1uf ·1ctucine worksh~p, where mo:.;t ot the m·.it

erial required for the pl:·nt are made. '/est>cis, air filters, cover.::>, 

filter press, pulleys nut~ and b:1lts :ire all m!lJ'luf;:a.ctureJ. • They h1ve 

22 machines in the workshop '3.rea. They arc mostly machine tools, borin._; 

lathes, grinding, hydrolic press etc. Flatc bendin& machine, cast ii·on 

facility are also available. Parts n!Z..~ufactured here are sent to diffe

rent departm.ants for their u3e. Other th~1 this there are sriia.11 scale 

maintenance team in every ae~tioa. 

8.1.2. There are tc·tally 110 workers in the LH.intenance group. or which 

75 are in the manuf'acturing r1orkshop and 35 in the maintenance area. 

Out o! the second group 20 are i.& shifts duri1Lg the nieht operations. 

In the antibiotic division all maint1;n·mce ope;r:Ltions are cai. ric:d out 

by the work tea.JI& consis·i;ing. of 25 persons. 

8.1.3. The electrical maintenance team consist of 27 employees. 5 ~ore 
persons work in day or day/night shi~ts4 

a.1.4. Instrumentation work is carried out by 4 persons in day/ night 

shift. 
8.1.5. Civil maintenance is carried out by a wcrk team of 15 persons. 

They carry out repairs to buildi1?gs, drainage , camputl roads, and w-.J.te r 

supply. 

8.1.6. a) Du.e to lack or funils, rJany of the buildines are in dilapi tated 

and wipd.inted conditions. Ra1ds neetl to be i11:!lroved upon, open manholes 
I 

are to be covered. 
b) Quality ss valves and better p-kets are needed for the vessel! 

c) Electrical install:ttious and wiring work need replace:nent. 

d) Diatrib:µtion bo;-.:rd need to be shifted to a common feed area 

'!or different equipcient. 
I 

,8.2. Preventive maintenance. 

'8.2.1. It is claimed that a ~hedule is drnwn for yearly preventive c1in
,tenance w9;I"k. All inocula tors ru1d seed vcs:Jel.; arc suppo3eij to be 

'checked once in 3 months. All tht: fen1eaters arc to be ta.k·?•'l for pre-
, 

,ve:itive maintenance onoe in 1 yc::r:. 

:,s.2.2. Vessels 'a.rid ves1;e'l iH~kct; ar•· supi~os<!..l to be tuBtet\ by. t;h•! 
I _,fl • 

1police for pressure tut;t ·md ccr·.it'ied. 

:a.2.3. Acconling to interr:·.itional noi·1~a:i, .... 11 pre3sure vea!.iP-lo depr.~1in~ 
1Upon usage are , test~d und r:r 1 •. 5t :> 2 ~ imeo ~he ~ormal yrorking 1rrC!$!l 1.1re , 

:a.nd certifind tor ua.t~e. ~t io 11::~ v•r:,· cle:tr how tl:e tt?~Jt,in:::: i:J ~ :t.,·i·'.:'l 

,out htre wid certified. 
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9. Laboratories. 
There are different kinds of laboratories with different designations. 
But to si.mplif7 the recogrtition of the laboratories, the following 
terminologies .re used.Within the antibiotic complex building there are 
individual seed preparation laboratories for individual antibictics. 
These are described in 2.1,J.1,4.t, and 5.1. Other than this there are 
two laboratories, one for uicrobiolo~ical sterilit7 and assay test ;ind 
another for chemical analy~is of media components and antibiotic aealys
is. These two laboratories are independant of a Quality control labo
ratory in an acfjacent builJi.ng, wnere r~w materials aad finished goo4s 
are teated and certified. These three l~bor~tories are described here. 

9. 1:. Microbiolog,T. 
9.1.i. The head of Kanam,ycin seed and culture laborato17 is incbarge of 
the· work team for the sterility testing and antibiotic assay laborato17. 
The samples are collected fro:n inoculators seed tanks anr" fer:1enters and 
are ~becked for sterility in the following manner. 

a) The samples are 3trr.aked on agar slants of the following composi
tion. 

i.) Beef extract •• 135 me" 
ii) Sodium chloride •• 0.3 ~ 

iii) Potassium di hydrogen phosphate •• 0.1 ,, 
iv) Glucose •• 0.5 ,, 

y) Agar •• 2.0 ,, 
pH 7.2 

Th• plate; after streaking are incubated at 37•c and checked alter 24 
holirs onwards for contam~iaation. 
• ·b) The same composition a9 in a) without the agar but with 0.004~ 
phenolpthaleia as indicator is \aken in tubes as broth. Change of colour 
with pH indicate contamination of the samples • 

. 9.1.2. llicrobiological assay for antibiotics. 
' 4 wooden frame 25'1<25 cm with glass bottom and a dep~h of 1.5 cm serves 

as a bioaas., plate. Basal aear medium 150 ml ia placed at the bottom 
·, 
1µ1d the teat organism in 75,ml agar is poured on top. Then wells o! 
8 mm diameter are punched on the agar. Samples of the Jif!erent antibi-

, ' ' 

otica are diluted proportionally ~o the concentr~tion. Approximately 

~00 J-Ll is pl1t ~~to the wcl~ by a uu 1:1etal tlroprier,attached:to a gla=.Ja 
tube provided with a rubber, teat. ,\.r lter incubation at 37•c, the z o-"lcs 

I 

' I 
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are measured nezt day for the assaJ. 
a) Example KacUl,Ycin assay. 

Lower base agar has the following co1:tposition. 
i) Beet extra.ct •• 135 mr:J. 

ii) Di sodium hydrogen phosph".lte •• O.J f. 
iii) ~ •• 2.0 '' 

pH 7.8 
Th• upper part contains the same composition With the test organism 
Bacillus "1COicles or B. subtilis. !he test or~sm initiall7 is 
streaked on agar in a Roux bottle. after proper growth, sterile water 
is add.eel and the surface is scrap.eel • This suspension. is heated in. a 
water bath at 7o•c for 30 minutes. Already spores are tormecl. In. order 
to get complete spore formation., the suspension is kept in water bath 
again tor another 30 minutes. The contents are cen.tri:!ugecl ant kept 
in. cold as a stock. 
20 al et this suspension is taken in 100 Ill water and the optical 
d.~i~ is measured. ttlcler speci!ic dilution. optical clen.sit7 is 
stanclarclizacl and the suspension. is taken. and poured .cm agar to torm 
the top lqer. 

b) In the case of Oxy te~cycline , B. subtilis L2 is the test 
organism. Except for minor ~ifference in the composition of the uppper 
la7er, the rest o! the test is carried out in the same manner. 

o) 7or ~cillin , B.JQ"coid'!s HB or Staph. aureus 209 P is the 
teat organism. The rest of the test is conducted in the same manner. 

4) No test is carried out for Rifampicin asaa7. 

9.1.3. Suggestions. 
a) The broth sterility test should be conducted at broth levelin 

T.S. broth tu~es. The Ttypticase Soy broth after sterilization is a 
clear liquid and bo.cteria grow very fast in this liqui4. One drop of 
contaminated ~ctinolJ\}"c~tous broth i! incubated at 37•c will show 
turbidity even in 6-8 ~ours time. 71here as a s~erile broth after 
incubation in :T.S. broth will h-:?.•re only the small quantity or the 
mycelial suspension but no 1;urbi1i ty. 

b) The ag~r test tor st~rility 111:.iy be conducted on Ye~st extract, 
Kalt extract, 1 Glucosc :nediu: ., co;:ipo~iti-.m of wllich ha. been ~iven to 
the personrel ~ ' 

c) Assay methodolo~ is er l.lde due to l 1cl< of Polystyrfme plat1.•s 

and s~an~ard pippetes. 
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9.2. Chemistry, ( chem.ic:ll. analysis ) 
9.2.1, Equipment found in the laboratOI""J are mini-.1 for 8Jl1' kind Of 

analfsis. There are ) calori~eter~1 for analysis of antibiotics, 1 

po~eter, 4 pH meters 
9.2.2. Sugar analysis is done by :i very old 1ueth0tl of iodine thiosul
phate titration. Samples are lqdrolysed by 6N HCL for sugar conversion. 
9.2.3. Phosphorous and Amlonia nitrogen anal,Jsis are also primitiYe. 
9.2.4. Complete new methodoloa for the anal,Jsis has to be i.Acorporatecl. 
Bi.th.er an auioana17ser or spectrophotometer will do for the analysis 

a) Por antibiotic analysis the need is for H.P.L.C. AnaJ.7sis are 
tiae cOllSUlling aml 20 saaples of sugar are analysed in 90 llinutes tiae. 
9,3. Qu3].it1 control. 
9.3.1. This is t!i.e centra1 testing laboratory for raw material.s, and 
finished products. lumber of instruments are limited and outdated. 
llaD1' of them are more than 15 years old. Availabilb instrUllents are: 

a) Pol.arimeter 
.b) C81ori.meter 
o) pH meters •• 3 Ros 
cl) Conductivity meter 
e) Sugar anal7ser 
f) iloisture analyser 

g) Solvent analyser 
_h)-C&rl Pi.sher apparatus 
1) Spectrophotometer 

Other instruments for testing in injecti~leo. 
9.3.2. Quite a few of the org:uti.c reat;ents are imported. ~ly few of 
the:inorganic reagents are av:iilable in the cowitI"J • . 
9.3.3, 'Requires complete moderniz~tion, with new.instruments. Refer 1).) 
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10. Warehou~c :ind Stores. 

10.1. Raw materialu. 
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10 .1.1. ?Jany of thcccu:u:ionly avail.lble raw r::.1tcrials arr:! ~c:ircc :md 
their supply need to be incre:J.scd ar!prcciably. ~orn u tccp liquor 
though available , it is not in laree qu·.mt.itics. C...:.ne suear 11!tich i.; 

very widely used by all countries, h=is bo be i::iportcd from Cuba at 
the rate of $ 250/ ton. Even vegetable oil~ are scarce '!.nd their 
s~pply needs to be increased • Soy~bcan oil availabilit7 is low and 
it is imported( in additi~n to tne local supply.), at the cost of 
I 450/ ton. The prolonged winter conths ~re a deterrant to the culti
vati~n of any kind of crop. Hence vegetable oil supplies are li~itcd. 
Corn flour, corn starch, soya bean flour arc available :J.s loc.il ~upply. 
Glucose is available oal;( to a limit,.!d extent and has to be imported. 
Most of the items are procured through trading cor!lpanieu fror:i Hon~kong 
or Singapore. r.tost of the salts like Maeneuiwn sillphate, ~odiwn 
chloride, Ammonium nitrate, Am:1oniw1 sulphate, and others arc procured 

locall7. 
10.1.2.Best producrtion of Penicillin is possible with initial medium 
containing Lactose, Corn steep liquor and Hydrol. Shots are then aducd 

either with Hydrol( containing 5~ suear) ~nd Phenyl Acetic Acid or 
with cane sugar and PAA. The choice of Hydrol and Cane sugar mainly 
depending upon the dulture. Addition of Amnonium nitrate can be carried 
out depending upon analysis. As all these are not readily availab~.e, 
it is a big handicap. 
10.1.3. Oxy tetracycline production can be enhanced \Vith the introduc-. 
tion o!.'Pharmameiia and com steep liquor in the mediwn. C.S.L. though 

I 

may be available to some extent from local supply, there are no road , 
tankers nor ruilvr.iy tallkers available to transport the 1naterial. 
10.1.4. Warehouse in in the backyard, with railway sidine and wipaved, 
roads. The division3 are as under& 

a) Finished products • • 1736 t42 

b) Raw materials •• 600 ~ 
c.) Eq.Jipment and spares •• 500 1.12 

The 
for 

d) Sal ts and others • • 600 rif 
e) s~llcr ones •• 400 if 

2 I 

Total •• 3836 ~ , 
warchonoe has nlopin~ tin 

I 

acceaa. 

sheet 

10.1.5~: T:mk:,; of solvcntri, cau:.;t'l.c 
II 

roof 

uo~.h, 

aml h·Jve rnoutly double dooro' 

61 i, :acth:1:1ol, 11qu1J I 

~L.::.iO:ll~{ 
I 
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are all kept side by side on concrete base. There are more than 12 

tanks. 
10.1.6. Imported raw materials like soyabean oil, propylenegl.ycol, 
chloroform, isopropyl alcohol, phosphoric acid are kept in drums in 

closed sheds. No special tank farm is available. 
10.1.7. Suggestions. 

a) The solvent storage should be completely enclosed and isolated 
awa:r from acid, alkali, and other stor-c:lge tanks. 

b) Drums containing oil and other solYents should be in an acces
sible area and away frcm each other. 

c) Stacking of material should be very orderly-and easil,J acces
sible. 

d) No·fire fightin& equipment of any kind are seen near the area 
10.2. El!«ineering spares. 
10.2.1. llan7 of the flanges, complete air filters,pul.1eys,covers are . . 

manufactured in the manufacturing work~hop for distribution to the 
individual sections. 
10.2.2. Other parts like bearings, instrument spares,~a~Tes and other 
accessories are otorcd in the warehouse area. 
10.J. Others. 
All other materia1 required for the workshop fabrications civil reql.d
re1:1ents, and the like ax:e kept in the yard area. Diesel oil a.nd prtrol 
tanks are a1so avail~ble for the factory. 
10.J.1. The following trucks are at the disposal. of the factory for 
the transportation of materials. 

a)10 ton •• s·no 
b) 8 ton •• 1 no 
c) 4 ton •• 3 no 
d)2.5ton •• 8 no. 
e) Freezer car •• 4 ton •• 1 nO 
!) , , , , •• 0.5tou •• 1 no 
g) Tractors •• 3 no 
h) Bus •• 1 no 
i) Cars •• 2 no 



11. ~fety ::ind controls. 
11.1. Safety. 
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11.1.1. There is a central fire fightin6 brii:rade for the whole area, 
which can be called on phone as and wha1required. Within the factor-.r 
there are fire.tenders. This is a trolley with pump and hose connection. 
Ro other fir~ extinguishers were seen ;in the f erment~ion area. Though 

. ; • I . . 

fire extinguishers of ~~me kind were reported to be available in the 
. : . 

down stream :processing area by the staff. 
• I I 

11.1.2. Pive persons who are trained in fire fighting are working in 
' I 

the plant. Ro other training is imparted to others. . . 

11.1.3. Penicillin and lfaD8lJl1'Cin JD¥Celia are disposed off as feed add
itive. OX7 tetracycline myceliW!l i.s al .o dried and sent to cattle farm. 
Presence of these antibiotics in meat is a health hazard, and th! use 
of IQ'Celia as cattle feed should be avoided. 
11.1.4. Comments and suggestions. 

a) Ro safety glasses are worn by anyone in the whole plant. Even 
personnel workin8 in the chemical labs are without safety glasses. 
Government shou1d introduce safety regulations making it mandatory 
that all staff in the plant to wear safety glasse~ , and those in the 
work shop to wear crash hel.lllets. 

b) r.tetal staircase$ in:. mezzanine noors, outside tanks and other 
staircases need to be replaced. 

c) Corridor lighting and lagg"'ing of pipe lines need attention for 
saf e't7 reasons. 

d) Pire extinguishers of co~ ' chemical and foam type for differe
nt kinda of fires a:e necessary. 

e) General safety awareness seem to be 11cking. Personnel working 
~n·: the plant are to be trained in the emergency fiire fighting procee
dures. 
'11.2. GMP. 
I -

111.2.1. GUP is very low. Quite a lot of general cleaning is raquired 
:in many areas. Zvecy thine is attributed to l....Lck of funds. Many place!l 
1and equipment like the broth overflow t~k:J, hurvcst tanks all need 
'draotic modification to imnrove Gi.tP stand;.irds. It is i:~nortant for 
I o o 

I 

1 factOry Staff to bear in li:ind that SO far :l:J the, fl\;J.llUf:J.CtUre Of 

:Pharr.iaceuticals are concerned clE:.anlincoo · .. 111d hJ '·:;cini ~ ccndt tions arc 
1 critical. 

.. 



11.). Effluent treata1ent. 
11.).1. Efflu.ent discharge is rou~hly 250-350M3 / day. There is ~ p.1.~i
mit,ive plant for the effluent treatment beside the river. The initial 

• c.o.d. is 800-1000 ppin. The effluent is taken in an open t.:mk, 1-2~ 

calcium hydroxide is added to bring up the pH to 9.0.Then ferrolls 
sulphate 0.1-0.2 ~is added. It is ther. sent to 2 precipitation tanks 
of 50 m3 each. • From here the effluent is taken to an annular 600 g3 
double tank.· Air is sparged through draft tubes for 48 hours and COD 
is brought to 150 ppm and then it is disch:u-ged in to the river. As 
the ambient temparaturc is low during 5 months, bacterial action i~ 
ver-y low and the BOD is checked only occassionally. 
11.).2. A major modification of the cn~ire system is warranted for 

efficient and effective treatment. Biologic3l filters with controlled 

temparature, activated slud8e treatment arc to be carried to make the 

system·~rfective. 

I I I I I 
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12-. -Per-s<inntl· 

12.1. Present strength. 
12.1.1. Org3llization chart. 
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12.1.2. Antibiotic plant. Employee breakup. 

Product 

Penicillin 

lC;mai.iy c in 

Strain 
room 

2 

2 

Seed 

7 

7 

Fermen-1 Parifical Solvent 
tation ti on 

Activity! Special 
group 

11 27 ;_ ..! _____ ~.~--·-··--·' .... 3 13 

7 32 I 4 I 3 12 

Total 

73 

67 

~·------·· ... --- --··--·--··-···-· ·-- ._. -----ii------------+------+----~-----4 I 
3 10 57 _Oxy _ t_etra-_ 2 7 I 10 22 3 

I :~:;:cin -- 3 I 5 I 8 31 ----+-------+----....._ ___ __. 

' To~~~~-~~ I 26 ___ L_ 36 r ,:,~ I ~~ I ,~J_ 47 t._:~ 
7 3 12 69 

12.1.3. ~cc:~~i~al st~ff in antibiotic plant. 

I ! I I 
I 

!Penicill-i D..;...; i J•U ti on K.uu1::.ycin Oxy tetri= Rifa.mpi Total 
in eye line cin 

En~ineers 6 7 3 5 21 _____ , 
·-·-·-.--- .... -

.. ;,.:::, t. E:1 .. :: 14 I 9 11 9 43 
n :£:r~ -- 1- -
T~tal I 20 16 14 14 64 

• 

CID 
N 
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12.1.4, There are 238 personnel in.the accessory :team. These include 
personnel of the f ollowint; dep&.1·t.ment. 

No of 
Department 

' I 

persons 

a) Derivative I 20 
h) lf3geine ~nutrition 18 

. . 
c) Sewage disposal 15 
d) Packing 95 
e) Repair 17 

f) Power lines 5 
g) Inspection 6 

I 

h) 0f:5ce managers 10 
I 

i) Testing laboratories 33 
j) Solvent ani other Pen. 11 

derivatives 
I 

k) Ha chine operators 8 
I 

I 

I 238 

12.1'.5. In the industrial laboratory consisting of R&D, Pilot plant 
I 

and accessory sections there are 92 persons working in diffe~ent 
area.a. Sections here include microbioloe)', purification, pilot plant, 

I 

compoiL"lding and inspection .• 
i2.1:.6. Engineers and As&t. Engineers. 

a) This group includeo persGns who have graduated with a deeree in 
specialised subject. Tili.s i~ a eeneral term and in this context inclu-

, 

des peroon~ workinz in la;,oratories, fermentation, recovery, enginee
ring', maint.enance and services. After tileir ini tii:":.l graduation they are 

further trained in the capital city for their specialised jobs • 
~) Those who have finis:t:.ed school and joined in the jobs attend 

part, time college/ nicht courses ,r..uid improve their qualifications. 
'c) There are different eradet; in the profession of ent;incers.· 
I 

i) Those who hav~ 31':'.1.u:itcd unJ joined, are in grade 6. 
il) After 3 yt:a.rs:, tlH'! have t.:> pas::; e;;amin'.l.ticn cond11cted to (.;O 

up t,o i:rade 5. 
ii:i) Every 3 rears: sub::•.Jqucn 1..l:: '!X:..Uns arc: conducted to chcc~ eff~ci~: 

ency, anci the per-oonnel :ir·: U!' ~;r.ld~d to Gl"l:::.de -~, ) <u1d :Jr, on, 1 to 11 
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12.2. Suggestions. 
12.2.1. Jlany of the stoff even at the top level :ire not expc,sl.:d to 
the latest technological advmiccmcnt ih :~hi-s field. lt is worth while 
\~hat a technical team comprising of the llan3.ging Director, C!hief F.r!~i
neer and members of the Bureau in char~e _gf the complex as adviser~ 
shou1d be taken to acivauced plants. Plra.nts located in West ~ena8117, 
Bolland, Denmark, and Spain are quite advanced. The proposal is that 
UNIDO ~ou1d get permission from these different countries, so that 

the teaa can visit as many plants as possible in advanced nations. In 

the case of develpping co~tries they can visit India ,Yugoslavia, 
Indonesia and the like. This visit may enable them also to iln;>lemcnt 

I -

certain of the suggestions given in the report, as they are requir~d 
for basic modification. 
12.2.2. Trainil;lg for technical staff. 
Some of the technical s~aff in gr-c:l.de I and II are very well versed in 
their sphere of activity, and need cnco~ement and exposll!"e. It is 
proposed that atleast 3 to 4 persons from ~ach section comprising of 
fermentation, purification, laboratories and 1 each from cointenance 
and services are to be -taken up for tral.nin5 in·the initial stages. 
~Tra~ning of this staff in the advanced countries may pose ~ p~oblec. 
In that case even P.Xposure to different plants in developin3 countri
es and training in them will helr to a lartJe extent. Subsec;ue1!tly 
feasibility of training for further batches should be looked into 
on ~he l.ong term perspective. The &:.LP in lo~o·Nledge is very la:-3e and 
it is hoped that atleast somethinJ can be ,~iven to them in stages. 

I I I 

• 
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1). Overview. 

1).1. ~ew nroducts. 

1).1.1. \lith the pres~nt ::;et of .for:..1ent~r:.:: :.md :.i.ccessoric~ rrodu.cti

vity of new products i.t introdnccd, ma:,· po;;c ::! problem. In or:!.er ~" 

introduce new product~ in the ~-::e.;.up, quite an ::!.lllount of modific:--+;i..::i 

are necessary. After il1stall:t.tio11 of ne,., e,1uiproent and improvin~ t :1e 

lot of vessels and acce:.>sories, it is t-ett~"?r n1!W produ.::t:i ar1; intro

du'C'ed • 

1).1.2. The logical step next to the Pt?uicillil1 production is to ea 
for ampicillin production. Conversion vf Pen G to 6 APA by enzymatic 

conversion, followed by semisynthetic l'1th·;1ay ~-•illbe the I!lost ide:u.l 

step. This process can be introduced. 'fhis requires a new ~etup.(1J.4.) 

1).1.3. Erythromycin is already being worked out by the R&:D team. 

Though the yields are low, if net: medium, technolOBY and equii11:1ent are 

introduced this may turn a new leaf. In the international !.!arket t~e 

maximum yield is 6-7 3ID/lt. This ~13 a ~id~ market in Asia and wil: 

ha.ve a verJ good :!Jarket. poter1tial. 

13.1.4 • .As the plant is already :·roducing OXy tetracycline active :15a

inst gram+ and gral:1- bacteria, iutroductiou of derivatives u:ay- be 

easy. ?.{ore active compow1ds like demeth:rl tetracycline wer0 produced 

by cht!mical modific1tion of tetracycline. Likev1ise introduction of 

Liethacycline or Doxycycline from CTC m:i.y be a better deriT.!tive th.J.n 

OTC iteslf and market potential is high. 

13.1.5. It is worth while cousid..:ring ~he introduction of ·~er!ialos.~ho

rin C in the long run. It is not a complicated fermentatio.1 au Rif .1.r:i

picin and recovery after purification are very good. The tec!uioloe;,;: 

is available ir:. Europe ..ir.d introdaction after ins,talling new cquif:.ient 

and upgradation can be considered. 

1).2.Techilolog:y upgradation. 

13.2.1. Nei1 strains with comi)letc teclmolot,;ica~. paremeters in the 

diffe1·ent areas as the follo•r1ine are avail -~ble. 

a) Strain ~.aintcnnnce 

b) itediwn t•or culture slants 

c) Fermcntatio11 and seed nit!diuin in different stages 

d) Add
1

,i tions, during the cycl<? 

e) Parar:ieters duriniJ the eye.le 

f) Prod\.41'.:t recovery 
I I 

1).2.2. The late1st 1ir1oductivi t~· v:ilues in the j :itcrnational' ::1rca for 

two of the: anti~iotic::J of th·! ~w1~r.on j'l:J.nL :ar1.; .!3 under: 

I I I 
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a) Penicillin •• 55()JO u/::il to (,500-J u/ltl .. 33 to 39 ~lt 
b) Cxy tetr.i.cyclinc •• 15-18 ~~c1/lt 

Rifampicin and Kanar.,ycin are to be checked for the productivit7 at 
international level. 
1).2.J. Th.e followine con:-anies a"'."c kno-.-n ~o sell the technolo31 as 

explained in 13.2.1. 
a) J.C.P.llartin & associJes. Channel Islands .GR. mi} 
b) Pan Labs Inc. T;i.iw-...m 

1).2.4. These technologies are quite expensive in the marke~. PricP.s 
seem to be ~egotiable and payable in instal.clents. The first instalucnt 
on receipt ~f ~he culture str-~in ;u1d th~ technology , the second o~ 
achieving '15-80 f. of the r:i.ted productivity and the last on achievin~ 
fu11 productivity. 
Cost \rill work out to a:1proximately the followine: 

a) Penicillin •• 55JOO u/ml •• $ 300,000 TO 500,000 

b) ErythrOJl\Y'Cin •• 6 gm/lt •• S 300,000 
c) Tetracycl~ •• 25 gm/lt •• j 300,000 TO 400,000 
d) Ceph. C •• 25 gm/lt •• $ 500,000 

1).2.5. For the scaleup work from s~en flasks to fer:ient~r, it i~ 
essential. to have the best Pilo·t ple.nt facilities. This in 'l·~cy criti
cal stage operation and it is difficult ·to est~blish the cvrrect p:u-a 
met<-rs in large ferment~r~ unless it is r-"'·udied in the pilot plant in 
~etail. ilence it is very essentie, to impcrt a set of Pilot plant 

fermenters complete with all accessories and controls for the detailed 
I 

stu17 of culture parru:eters in feruenters. (refer 13.).6.) 

.. 

• 

I 111 
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1).J. ~ment. 

1).).1. General. 
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The present condition of the pl~1t is like other plants in E:1rope or 
advanced countries in late fif~ies or early sixties. Due to paucit!' 
of funds or other reasons the pl:.mt is suffering~ enownously. The 
f ermenters and many other accessories might have ·Deen scraped if th~ 

plant is located in indu~trialis~d countries. Some of the vessels m~ 
find some use as lilixing tanks, but many others are not worth writing 
about. It is essential that in crder to make the plant working upto 
certain level of standards, funds ~.ave to be alloca~ed to procure 
equipment neeued badly. If at a later stage the upgradation of the 
plant is taken in larger perspective, the plant can survive. ~ith the 
present technology, equipment, a:1d infra structure it is bow1d to 
receede in the long I"\.L.~ due to rlant overall degradation, rather than 
improve. 
The following equipment are needed and are sug~eE:ted for the upgreda
tion of the plant to a major extent. The chapters are diveded in t~ 
sever-c1.l sections sta?"ting from the laboratories to the production 
fermenters in the order of workup. 

• 



1].].2. Laboratories. !!.~crobiolo~::r 

• I 
Equipment 

a) rlicroscope 
b) Laminar no"' bench I 
c) Shakers i)single speed I ii~ incubator 

iii triple decker 

d) Pippetes i} ilormal I ii adjustible 
iii dilutor 

e) Polystyrene plates and I petri dishes 

f) Centrffuge I -
g) B.O.D. Incubator I 
h) Lyophilizer I 

13~].J. Chendcal laboratories 

a) Spectruphotometer I 
b) Auto analyser I 
c) H.P.L.C. complete system I with auto sampler 

d) ~otavapors 1-3 lt I 20 lt 

f 
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iianufacturcr/ 
rJ.:J.ke --

Olympus/ Nikon 
Kl.enzaids or 
Fisher Scientific 

Inf ors or 
B.Braun 

Eppendorf 

... 
Sorval or 
I.E.C. 

Fisher Scientific 
Arthur ~homas 

Virti3 Co. 

Fisher :Jcientific 

HeY1let Pack:i.rd 

Shimadzu 
L.K.B. 

Bu.chi 

or 

···----- ·-··--·-- ·---·~·· 

~·-pH controller & rccorda·r I , ' 
c) D02 controller & recor- I , , der 

' 

d,) Rota~erers for inocul:L-
I ' tors & seed tanks , , 

' 
"' ' 

Co~try 

ori~in 

- I Japan 
India 
U.S.A. 

Swizerland 
West (jermany 

West Germany 

West ~gmany 
Hol d 

U.S.A. 

U.S.A. 

U.S.A. 

U.S.A. 

U.S.A. 

Japan 
Sweeden 

Svri tz arland 

Jap'lD. 

I 
i 

I 
I 

I 

I 
I 

J 

\ 

I 

'.'/eot Germariy 

, , 

, , 
(i 
ii , , 
;J 

q 

• 

' 

' 
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Equipment 

e) Anti foam control I 
f) Volume indicator I 

13.3.5. Harvest 

a) Rotary vacuwn filter or I centrifuge 

a) Pre coat filter I 
c) Counter current extractor I 
tl) Rotavapor ~· 50 lt I 

1).).6. Pilot :plant 

l 

--------· - -- -- --------·- r----- -- . --· ---
?.:.;muf acturer/ 

nake 

?.hrubishi 
B.Brauu 

, ' 

·.vestfalia 
Dorr Oliver 

Dorr Oliver 

Potbielnik 
\Vestfalia 

Bue hi 

or 

or 

or 

~OWltI"J of 
ori.l:i.n 

Japan 
\test r;ermany 

, ' 

West Germny 
India 

India 

U.S.A. 
West Germany 

Swi.tzerland 

t--~~-=------=---:-:~-:--::-t-:-:-~-:-:---r-------·-1 
a) Pilot fermenters 2 of 50 lts I Marubishi or Japan 

Chemap Switzerland 
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13.4. Expansion. 
13.4.1. Already plans are afoot for the expansion of Kanamycin pro
duction. The following vessels are b•Jing erected. 

a) Inoculators. • • Ul3 • • 4 Nos • stainless steel 
b) Seed tanks •• 61f3 •• 4 Nos.. • , , , , 
c) Pmmnters •• 35,.f •• 4 Uos • carbon steel. 

ill. of them will have the same kind of design and control as the exist
ing. fermenters. 
13.4.2. There are plans for setting up Ampicillin production, details 
of which are not available as yet. 
13.4.3. It is better to infuse {unds at this stag~ during the expan
sion of Kanamycin for the purchase of fermentationcontroller equip
men~ like temparature, pH, no2, antifoam and accessories. Then the 
fermenters will run with enough controlled paremeters for better pro
ductivity. 
13.4.4. Por setting up exp3.Ilsion of any kind of activity there is 
no darth of space. Some of the vessels and accessories can even be 
modified to accoCD!lodae new products. 

I I I 

• 
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Kanamycin expansion 
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PART 14. CONCLUSIONS AND RECOMMENDATIONS 

GenP.ral condition of the plant is poor. The building and equipaent are very 
old and need upgrading. 
The following are the yields of antib\otics fermented at present: 

Penicillin 17000 u/ml 

- Harvest volume m3 fermenter - 10.5 m3 
- No. of batches run per year/fermenter - 36.5 
- No. of batches run per year/6 fermenters - .219 
- yield/fermenter - 178.5 mlds 
- total yield in 15 m3 fermenter - 39091.5 mlds 
- volume at harvest in 20 m3 fermenter - 14.5 m3 
- yield/fermenter - 246.5 mlds 
- 36.5 x 2 fermenters - 73 batches 
- total yield in 15+20 m3 fermenters - 57086 mlds 
- after purification at 61.5 \ - 35107 mlds 

Kanamycin 4 gm/lt 

volume at harvest in 15 m3 fermenter - 11 m3 
- yield/fermenter - 44 kg 
- No. of batches taken per year/ferreenter - 72 

" " " x 2/fermenter - 144 
- total yield in 15 m3 fermenters - 6336 kg 
- volume at harvest in 20 m3 fermenter - 14 
- yield/fermenter - 56 kg 
- 72x2 - 144 batches in 20 m3 fermenter - 8064 kg 
- volume at harvest in 35 m3 fermenter - 22 m3 
- yield/fermenter - 88 kg 
- No. of batches in one fermenter - 72 
- yield in 35 m3 fermenter - 6336 kg 
- total yield in 15+20+35 m3 - 20736 kg 
- total yield after purif icalion at 58 \ - 12.026 m.t. 

Oxytetracycline 10 gm/It 

- lU.~ m3 in 15 m3 fermenter yield - 105 kg 
- 39 batches x 6 fermenters - 234 batches 
- total yield in 15 m3 fermenter - 24570 kg 
- 22 m3 in 35 m3 fermentdr yield - 220 kg 
- 39 batches /year - 8580 kg 
- total yield in 15 m3+3~ m3 fermenters - 33150 kg 
- total yield after purification at 61 \ - 20.221 m.t. 



• 
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Rifaaoicin 3.5 gm/lt 

- 11 ml in 20 •l fer~enter yield - 38.5 kg 
- No. ~f batches taken per year - 2lx4 feraenters - 84 

total yield in fermenters - 3234 kg 
- total yield after purification at 25 \ - 808.5 kg 

RECOMMEMDA'l'IONS 

Short term suggestions for iaorovement 

1. Air system needs modification. The erstwhile practice adopted with cotton 
and activated carbon, should be dispensed with. Either eaulsified staple fibre 
(esf) 9lasswool filters or absolute air filters have to be installed. 

2. Air sparger in all cases arP. to be modified. Ring sparger with hole~ at the 
bottom and top have to be installed for better oxygen distributi~n. 

3. Agitator blades have to be modified to rushton flatblade turbine. Basic 
de~ign has been given already, 

4. Agitator shaft support at the bottom of the fermenter need modification 
with teflon sleave. 

S. The distance between the blades should be adjusted taking the volume into 
consideration. 

6. Barvest line shoud be modified with the bottoa valve, bottOll drain valve 
with steam and condensate line connections in between. 

7. Vellt line has to be provided with sruobing device and also with steaa 
connection. 

8. Media m1x1ng tank, which is at present only of 3 ml capacity, should be 
enhanced to 12 ml so that at least l/l of the volume of the big feraenter 
capacity ca» be fulfillec. 

9. Media mixinq should be i•pr~ved upo11. Soja bean flour and ~orn flour are to 
be sieved wi•.h 500 u sieve. Starch should be hydrolysed before sterilization. 

10. Controllers for the following are to be procured and installed : 
a) temperature controller +/- 0.2 C 
b) pH indicator controller 
c) 002 indicator controller 
d) antifoam probe with addition vessels aud with solenoid valves/peristaltic 
pumps additions. 

11. 
a) harvesting volume to be improved up to 1:0.8 volume of the vessel 
b) water addition after harvesting 2 ml to S m~ of the broth during the final 
stages will improve productivity. 
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12. New media components have to be introduced: 
a) lactose and hydrol Eor penicillin 
b) pharmamedia and corn steep liquor for OTC and Kanamycin 

13. Fer~enter carbon steel vessel has to be improved upon by cladding with 2 
.. sheet of SS316 inside the feraenters. 
!n the same way agitator blades and sparger are to be made of SS316 material. 

14. Aeration rate has to be increased for penicillin feraentation up to 1:1.2 
during the fermentation cycle. 

15. 
a) Broth analysis for sugar and PAA in penicillin fermentation should be done 
every 2 hours and additions monitored accordingly. 

16. 
a) culture maintenance should be iaproved upon 
b) preservation of vegetative myceliu• in liquid nitrogen should be introduced. 

17. Luap sum addition of glucose or sucrose iuthe initial medium in Refaapicin 
should be avoided. To avoid catabolic repression only l to 2 ' should be taken 
initially and the rest should be aded gradually after analysis for sugar. 

18. Direct spore3 inoculation in the first stage should be avoided 
(kanamycin). This prolonges the lag phase growth in the inoculators ( first 
stage). Pool seed from flasks should be utilized for seeding the first stage 
inoculators. 

19. Initial use of glucose 0.5 to l \ should be checked for OTC as there is no 
readily available sug~r source for the culture. 

20. Liquid allllllOnia 25 \ should be filtered through zeit's filter before use in 
fermenters. 

21. Addition of any NAOH through air line in Rifaapicin 
discontinued. A separate SS316 line should be installed. 

Immediate ~guipment required 

l. air compressors 200 ml/min - 2 hrs 

2. absolute cartridge filters for air 

l. air receiver of 70 ml capacity 

should 

4. efficient water renewal by basic supply to cooling coils in air system. 

5. a) tem9erature indicator controllers 
0) PA " 
C) !)()2 " " 
d) PC02 " " 

' 
el anti foam probe with complete control system 

' 

be 

• 



• 

• 
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6. HPLC 

7. rotary vacuum filter 

8. counter current extractor 

Training and technical visit 

a) Technical team should be sent to developed countries and developing 
countries (chapter 12.2) 

b) Engineers_and test engineers should te trained in developing countries 

Long term plan 

l) Improving penicillin productivity in the plant by adquiring new 
technol09ies and assistance and to start the 6-APA and aapicillin production. 

2) 'l'o im"roll'e the OTC production and !>tart the Doxycyclin technol09y transfer. 

3) Erythroaycin at 6-7 gm/lt 

4) To begin the studies for Cephalosporin C technol09y transfer and its 
seaisynthetic derivatives. 

Technology upgrading 

Better strains with complete technology for fermentation and recovery are ~o 
be processed (see chapter 13.2) 

Equipment 

A detailed list of equipment needed in the long run has to be subaitted (see 
chapter 13.J.) • 




