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(Project phase goal) Jee// i 1.7

The goal is to install a pilot plant for producing semi-synthetic penicillin.

1.2 Budget Planning

From 3rd project report, Ch. 1.4: Azm Association (Hani Maulawi, Dr Dani Saaduddin, Dr Kifah Tout)
visited AECENAR Center at Ras Nhache on 6% March 2015 and Business Plan 2 was discussed. Result
(Status 17t March 2015): Azm wants a more detailed business plan with detailed market strategy. This is
to be done in 2018.

1.3 Time Schedule / (o i/ JaxaJ/

Originally planned: Nov/Dec 14: Financement and Concept Phase;

Jan — June 15: Finishing of Development of MEGBI Vaccine Production Pilot Plant (MEGBI-VPP)
Actually: March-May 2016: Migration of specification to semi-synthetic penicillin plant, 2017: Completing
of MEGBI-APP prototype, 2018: Commercialization

1.3.1 Timeplan Sep-Dec 2017
Timeplan MEGBI-APP Sep-Dec 2017

Task Due Date Responsible

.pcd files of every compound (about 20) Sun, 10.9.17 Razan

Moving lab (chemicals, some devices) to Hamra Facility | Sun, 10.9.17 Samir

Documentation Sun, 10.9.17 Razan

Beginning of lab work Sa, 16.9.17 Razan, Mariam, Rayyan
Integration MEGBI-APP plant October 17 CNC Lab, Samir

1.3.2 Timeplan Jan-March 2018

Task Remarks Due Date | Responsible
Integration MEGBI-APP plant Jan Fatima,

- Mixer, Pump, Connecting Cables to Arduino Interface Mohamed(CNC
- Connecting User Interface Lab)

Operating &Testing MEGBI-APP with water Jan

Feasibility study for Amp, ... Jan/Feb Fatima

Lab work: Optimizing penicillin production, operation of Feb-Mar Fatima, ...
MEGBI-APP

Bachelor Thesis: Design & cost calculation of optimized Apr-June

large scale semi-synthetic penicillin production plant

10




1.4 Costs for completing protoype for Ampicillin production

1.4.1 Alternative 1: Stepper Motor for automatic valves

Automatic valves

piece cost #ipieces total pieces

S s4 18 $72

stepper motor $40 18 $720
acessories motor S10 18 $180
Total cost $972

1.4.2 Alternative 2: DC Motor for automatic valves
Metal DC Geared Motor - 12V 50RPM 9kg.cm rated torque, Price : 15.95$, Serial number : ACT0022.

Automatic valves

piece cost #ipieces total pieces

S $4 18 $72

DC motor $15 18 $270
acessories motor $10 18 $180
Total cost $522

1.4.3 Alternative 3: Low cost servo (see chapter 6)

Automatic valves

piece cost #ipieces total pieces

S $4 18 $72
low cost servo 9kg.cm S8 18 $144
acessories motor $10 18 $180

S0

Total cost $396

Concept for Laboratory in Ras Nhache

11
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Penicilline
Rnd) [ (gl JSadl ja
! dnadall 4,5 ) ykall
Ta St Can o g‘ﬂ.\.;..aﬂ 2  goall oo
. Injectable
PENICILLINE G Benzylpenicillin
JO1CEO1 G i 1,000,000IU|powder for||33,606 L.L
PANPHARMA (sodium) - 1,000,000IU uti
solution
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https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=atc&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=atc&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=atc&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=brand_name&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=brand_name&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=b_g&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=b_g&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=b_g&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=ingredients&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=ingredients&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=strength&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=strength&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=form&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=form&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=form&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=price_double&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=price_double&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=price_double&orderDir=ASC
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764
https://moph.gov.lb/ar/Drugs/view/2764

[ odadl 2,80 el
Pl s SVl agell e
o Injectable
PENICILLINE G Benzylpenicillin
JO1CEO1 G ) 5MUI powder for|72,396 L.L
PANPHARMA (sodium) - 5.000.000IU )
solution
o Injectable
PENICILLINE G Benzylpenicillin
JO1CEO1 G ) 1,000,000IU||powder for||64,045 L.L
SOD. INJ. (sodium) - 1,000,000IU )
solution
o Injectable
PENICILLINE G Benzylpenicillin
JO1CEO1 G ) 5MIO powder for|[129,703
SODIQUE (sodium) - 5.000.000IU )
solution
Ampicilline
! Aada)) RS N[yl &Yl JSad
AMPICILLINE Ampicillin (sodium) Injectable powder for
JO1CAO1 G 500mg ) 49,050 L.L
INJ. - 500mg solution
AMPICILLINE Ampicillin  (sodium) Injectable powder for
J01CAO01 G 1g ) 98,100 L.L
INJ. -1g solution
Amoxicilline
Cariail /] JSal| apaall
“ o Fpalal) A0S ) Slunll i~
Amoxicillin
JO1CA04 (AMOXICILLIN G ] 500mg||Capsule 85,726 L.L
(trihydrate) - 500mg -
Amoxicillin Iiectabl
njectable
AMOXICILLINA/ ACIDO (sodium) - 1g,
[01CRO2 G ] ~11.2g |[powder for||395,532 L.L
CLAVULANICO Clavulanic Acid } ]
solution
(potassium) - 200mg
o Injectable
Amoxicillin
JO1ICAO04 (AMOXICILLINE INJ. G ] 500mg|jpowder  for||65,867 L.L
(sodium) - 500mg ) It
solution
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https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=atc&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=atc&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=atc&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=brand_name&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=brand_name&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=b_g&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=b_g&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=b_g&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=ingredients&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=ingredients&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=strength&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=strength&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=form&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=form&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=form&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=price_double&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=price_double&orderDir=ASC
https://moph.gov.lb/ar/Drugs/index/3/4848?orderField=price_double&orderDir=ASC
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2766
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2765
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://moph.gov.lb/ar/Drugs/view/2767
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=brand_name&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=brand_name&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=ingredients&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=ingredients&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=strength&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=strength&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2730
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/view/2731
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=brand_name&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=brand_name&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=ingredients&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=ingredients&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=strength&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=strength&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2734
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2779
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760
https://www.moph.gov.lb/ar/Drugs/view/2760

Catatl [ el I ﬁ_\.ud\
N Aaalall S | Lual 2
>l (> GYualll o seall
o Injectable
Amoxicillin
J0O1CA04 (AMOXICILLINE INJ. G ) 1g powder  for||100,902 L.L
(sodium) - 1g ]
solution
o Injectable
Amoxicillin
J0O1CA04 (AMOXICILLINE INJ. G ] 1g powder  for||21,338 L.L
(sodium) - 1g ]
solution
Amoxicillin
AMOXICILLINE/ACIDE ]
(sodium) - 1g, Injectable dry
JO1CR02 |(CLAVULANIQUE G ] T lll2g 34,923 L.L
Clavulanic Acid owder
PANPHARMA
(potassium) - 200mg
Amoxicillin
AMOXICILLINE/ACIDE ]
(sodium) - 1g, Injectable dry
JO1CR02 |(CLAVULANIQUE G ] T l2g 82,937 L.L
Clavulanic Acid owder
PANPHARMA ]
(potassium) - 200mg
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https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=atc&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=brand_name&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=brand_name&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=b_g&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=ingredients&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=ingredients&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=strength&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=strength&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=form&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/index/3/3974?orderField=price_double&orderDir=ASC
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2761
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2762
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
https://www.moph.gov.lb/ar/Drugs/view/2780
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https://www.moph.gov.lb/ar/Drugs/view/2781
https://www.moph.gov.lb/ar/Drugs/view/2781
https://www.moph.gov.lb/ar/Drugs/view/2781
https://www.moph.gov.lb/ar/Drugs/view/2781
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https://www.prnewswire.com/news-releases/antibiotics-technologies-and-global-markets-262708941.html

2.2.1 Annual Output of 10,000 Tons of Penicillin Industrial Salt Project of Songyuan City (China)
2013/04/07  Source: Jilin Daily

Market Prospects

Anti-microbial infection drugs sales in today's global pharmaceutical market possesses the second place in
a large class of drugs. Production and sales of penicillin is the largest in the world. After sixty years of
development in the course of penicillin, especially in the 80s, and 90s, due to its efficacy, small side effects,
low price, it is highly clinical welcomed. And it has become one of the first clinical drug choices of
antibiotics. Globally, the world's antibiotic market experienced a middle term growth period in the 70s, the
rapid growth period in the 80s, and maturity in the 90s, it has entered a new century of transition. The 1998
statistics show that annual world sale of anti-infective market is 40 billion U.S. dollars, accounting for about
10% of therapeutic drug market; the antibiotic is 25-26 billion U.S. dollars, 62-65% of the anti-infective drug,

the largest share in the anti-infective market of the world.

Meanwhile, according to the relevant information over the years, annual growth rate of antibiotics is 8% on
average. Also in this class of antibiotic drugs, sale of penicillin is 3.317 billion U.S. dollars, accounting for

13% of total sales of antibiotics.

With the different levels of development of global semi-synthetic penicillin and increase of market sales at
the same time, it also brings about increase of 6-APA, 7-ADCA and other intermediates with penicillin as
the raw material. In 1985, global production of 6-APA was 4200 tons, in 1990, 7000 tons, and from 1997 to
the present, global production of 6-APA has been over 12000 tons. Annual growth rate is 15%. And the
cephalosporins antibiotics with 7-ADCA and 7ACA as intermediates has dominated 31% antibiotics share
of the world; from the future development trend of this kind of drug, the sales turnover of ceftriaxone,
thienamycin sub-methylamine, ceftizoxime, cefuroxime axetil, cephalosporins, imatinib could reach 300
million U.S. dollars. Therefore, it will bring about increase of demand for 7-ADCA etc. intermediates
during a given period. However, 7-ADCA is major derivative of penicillin G industrial salt, which shows

the large development space of penicillin.

In addition, from dynamics of large penicillin companies, DSM Company, which accounts for 30% raw
material market share of penicillin in the world, plans to establish a new joint venture company with
Chemferm to further expand the scale of production of penicillin and its derivatives. This new plant to be
built in the Netherlands plans to process 6-APA into 7-ADCA by enzymatic processing in order to reduce
the production costs of 7-ADCA, improve efficiency and eliminate pollution. Bivchemie is another
penicillin producer in the world, and the penicillin produced by this company occupies 10% of market
share in the world. Aimed at the condition that the profitability of pharmaceutical raw material is low, the
company said, it will not give up penicillin production, and look forward to the start of penicillin market
and prices rise. Penicillin production in China in this year is expected to reach 34,000 tons, of which 20%
are directly used as injection, 50% as the cephalosporin in producing intermediates products, and 30% as

export to earn foreign currency.

China is a superpower in penicillin industrial salt export, and in 2003, exports accounted for 60% of global

market share.
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Penicillin of China is mainly focused in Huayao, Huaxing, Harbin Pharmaceutical, Shiyao and Lukang

Pharmaceutical five enterprises, accounting for 90% of total output of penicillin.

http://english.jl.gov.cn/Investment/Opportunities/Industry/MedicineandBiotechnology/201304/t20130407 1
439841.html

Scale of Project Construction

Construction scale is 10,000 tons of penicillin industrial salt.

Table 1 Product Plan«

Eeference |
MNames standarde Packaginge discount kg f
billione
Penicillin sodium (days CP2000+ 4 kg Tine 06040 |
powder)e EPG8e 5 billion f Tine '
CP2000+ 4 kg Tine !
Penicillin potassium CP2000+ 5 ballion f Tine 06590
(sterile powder)e CP2000+ 215 kg ! Tine '
BP98e 5 ballion f Tine
Pharmaceutical g
i ' 1cilli Industry standardss
infermediate penicillin HELY STARGATEE 40 billion f barrele 06520
potassium (pentcillin WSP2oe
industrial powder)e
Penicillin W potassium CP2000+ oy i
(oral powder)e BP2000e 40 ballion f barrele e
BP2002VEP26 !
Cavtetracyeline (basels | Ministry of Health 25 kg /barrels o
25 kgibage
standardse
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2.3 Penicillin products on market (China, ..)’

2.3.1 Penicillin streptomycin injection For veterinary use only

US $2-2.4 / Box
5000 Boxes (Min. Order)
Dosage Form: Injection,oral liquid

Animal Type: Cattle,Fowl,Pets,Cattle,

Fowl
Function: Antibacterial Drugs

Appearance: Colourless, Transparent PR on. T

Place of Origin: Hebei,China (Mainland)

Brand Name: Depond Hebei Depond Animal Health Care Science And Technology
Co., Ltd., China (Mainland)

2.3.2 Penicillin

US $0.1-10 / Milliliter
32 Milliliters (Min. Order)
Dosage Form: Powder

Animal Type:
Cattle,Fowl,Horse,Pets,Pig,Sheep

Function: Antibacterial Drugs

Appearance: White Powder

Place of Origin: Tianjin,China (Mainland)

Brand Name: Zoohance Tianjin Glory Technology Co., Ltd., China (Mainland)

2.3.3 Animal antibodies & penicillin powder/ penicillin price

US $16-20 / Kilogram
1 Kilogram (Min. Order)
Dosage Form: Powder

Animal Type: Aquatic
Animals,Cattle,Fowl,Horse,Pets,Pig,Sheep

Function: Antibacterial Drugs

Type: Animal Health Products P

<3

Appearance: White crystalline powder

PFA

1 from www.alibaba.com
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https://www.alibaba.com/product-detail/Penicillin-streptomycin-injection-For-veterinary-use_60699066067.html?spm=a2700.7724838.2017115.1.1fcf58bAkD2Xi&s=p
https://depond.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.4.1fcf58bAkD2Xi#top-nav-bar
https://depond.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.4.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Penicillin_60470523008.html?spm=a2700.7724838.2017115.8.1fcf58bAkD2Xi
https://crindustrial.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.11.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Animal-antibodies-penicillin-powder-penicillin-price_60639356901.html?spm=a2700.7724838.2017115.17.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Penicillin-streptomycin-injection-For-veterinary-use_60699066067.html?spm=a2700.7724838.2017115.2.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/Penicillin_60470523008.html?spm=a2700.7724838.2017115.9.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Animal-antibodies-penicillin-powder-penicillin-price_60639356901.html?spm=a2700.7724838.2017115.18.1fcf58bAkD2Xi

Place of Origin: Henan,China (Mainland) Zhengzhou Zhenhua Pharmaceutical Technology Service
Co., Ltd., China (Mainland) Trade Assurance

2.3.4 Antibacterial Veterinary Prouducts Penicillin 30% Injection for cattle

US $0.1-1 / Piece @
1 Piece (Min. Order) ®

Dosage Form: Injection

Animal Type: Cattle,Horse,Sheep,Dog ® n:pracoes ,
Function: Antibacterial Drugs f""‘"’*‘“‘ Qit

Appearance: an o0il solution of fine ~

particles suspended.

N Stace 199 Gowsd)
Place of Origin: Hebei,China (Mainland) @ 5 @ @ g el

Brand Name: TTANYUAN Hebei Tianyuan Pharmaceutical Co., Ltd., China (Mainland)

2.3.5 Penicillin G injection300.000iu

US $0.5-3 / Unit

50 Cartons (Min. Order)

Dosage Form: Injection

Animal Type: Cattle,Horse,Sheep
Function: Antibacterial Drugs

Place of Origin: Jiangxi,China (Mainland)
Brand Name: Bolai

Model Number: 100ml BOLATI PHARMACY gj
Jiangxi Bolai Pharmacy Co., Ltd., China (Mainland)

2.3.6 Veterinary products Procaine penicillin

US $0.39-1.09 / Box 7///////////////////;
1 Box (Min. Order) 2 2
Dosage Form: Injection é 2
Animal Type: Cattle,Horse,Other Special Breedin / 4
Animals,I}”Ets,Pig,Sheep ’ ’ 2 | \é
Function: Antiviral 2 2
Appearance: liquid f/ . g
Place of Origin: Hebei,China (Mainland) M A Y/
Brand Name: Jiuding Shijiazhuang Jiuding Animal Pharmaceutical Co.,
Ltd., China (Mainland)
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https://zhyiyao.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.20.1fcf58bAkD2Xi#top-nav-bar
https://zhyiyao.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.20.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.21.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Antibacterial-Veterinary-Prouducts-Penicillin-30-Injection_60479398701.html?spm=a2700.7724838.2017115.27.1fcf58bAkD2Xi
https://tianyuan-pharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.30.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Penicillin-G-injection300-000iu_60410251108.html?spm=a2700.7724838.2017115.36.1fcf58bAkD2Xi
https://jjbldyc.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.39.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Veterinary-products-Procaine-penicillin_60073002417.html?spm=a2700.7724838.2017115.44.1fcf58bAkD2Xi
https://jiudingpharma.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.47.1fcf58bAkD2Xi#top-nav-bar
https://jiudingpharma.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.47.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Antibacterial-Veterinary-Prouducts-Penicillin-30-Injection_60479398701.html?spm=a2700.7724838.2017115.28.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Penicillin-G-injection300-000iu_60410251108.html?spm=a2700.7724838.2017115.37.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Veterinary-products-Procaine-penicillin_60073002417.html?spm=a2700.7724838.2017115.45.1fcf58bAkD2Xi

2.3.7 Cefalexin Medicine Grade/alternative to penicillin in patients with penicillin hypersensitivity

US $20-50 / Ton
1 Ton (Min. Order)

Dosage Form: Aerosol

y
g

Animal Type: Aquatic Animals WG Mucﬁﬂtt«@,p(m
Function: Antibacterial Drugs il
Place of Origin: Shandong,China

(Mainland) 4R

Brand Name: WNN

Weifang Union Biochemistry Co., Ltd., China (Mainland)

Model Number: WNN

2.3.8 Benzyl Penicillin+Penicillin powder for injection

US $0.1-1.5 / Box

2000 Boxes (Min. Order)

Dosage Form: Injection,Powder

Animal Type: Cattle,Fowl,Horse,Pig,Sheep
Function: Antibacterial Drugs

Place of Origin: Hebei,China (Mainland)
Brand Name: GRDR

Model Number: Vet - Medicine

Hebei Guangren
Ltd., China

(Mainland) Trade Assurance, Transaction Level: 7

Pharmaceutical Technology Co.,

Transactions(6 months), 1,000+

2.3.9 Procaine penicillin G & Dihydrostreptomycin sulphate 20:20 injectable suspension

US $2.4-2.8 / Box
10000 Boxes (Min. Order)
Dosage Form: Injection

Animal

Type: Aquatic

Animals,Cattle,Fowl Horse,Pets,Pig,Sheep,camel

dog

Function: Antibacterial Drugs

Place of Origin: Hebei,China (Mainland)
Brand Name: ZDHF

Model Number: 20:20,20:25

g
ZDHF PHARMACEUTICALS o

Shijiazhuang ZDHF Stock-Raising Co., Ltd.

China (Mainland) Trade Assurance

Transaction Level: 1 Transaction(6 months), 100+
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https://www.alibaba.com/product-detail/cefalexin-Medicine-Grade-alternative-to-penicillin_1447251749.html?spm=a2700.7724838.2017115.52.1fcf58bAkD2Xi
https://wnncn.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.55.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Benzyl-Penicillin-Penicillin-powder-for-injection_60446224107.html?spm=a2700.7724838.2017115.61.1fcf58bAkD2Xi
https://grd.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.64.1fcf58bAkD2Xi#top-nav-bar
https://grd.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.64.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.65.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Procaine-penicillin-G-Dihydrostreptomycin-sulphate-20_1190528114.html?spm=a2700.7724838.2017115.71.1fcf58bAkD2Xi
https://zdhfvet.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.74.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.75.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/cefalexin-Medicine-Grade-alternative-to-penicillin_1447251749.html?spm=a2700.7724838.2017115.53.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Benzyl-Penicillin-Penicillin-powder-for-injection_60446224107.html?spm=a2700.7724838.2017115.62.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Procaine-penicillin-G-Dihydrostreptomycin-sulphate-20_1190528114.html?spm=a2700.7724838.2017115.72.1fcf58bAkD2Xi

2.3.10 High Quality Veterinary USP Penicillin G 54-35-3

US $30-60 / Kilogram
1 Kilogram (Min. Order)
Dosage Form: Powder

Animal Type: Aquatic
Animals,Cattle,Fowl Horse, Other Special
Breeding Animals,Pets,Pig,Sheep

Function: Antibacterial Drugs

Appearance: White or almost white

crystalline powder
Place of Origin: Hubei,China (Mainland)

Model Number: Top grade

€ VANZS WUHAN VANZ PHARM INC.

o ¢ z\v,"
i o

Procaine Penicillin G
CAS NO. 54-35-3

www.vanzpharm.com
, Wuhan Vanz Pharm Inc.

, China (Mainland) Trade Assurance

Transaction Level: 39 Transactions(6 months), 10,000+

2.3.11 PENICILLIN G PROCAINE NON-STERILE(ORAL GRADE)

Function: Antibacterial
Drugs

Place of Origin:
Shanghai,China
(Mainland)

Model Number: USP

| HUA YUN INTERNATIONAL

(SINGAPORE)PTE LTD , Singapore
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https://www.alibaba.com/product-detail/High-Quality-Veterinary-USP-Penicillin-G_60728867820.html?spm=a2700.7724838.2017115.81.1fcf58bAkD2Xi
https://vanzpharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.84.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.85.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/PENICILLIN-G-PROCAINE-NON-STERILE-ORAL_50030208121.html?spm=a2700.7724838.2017115.91.1fcf58bAkD2Xi
https://sg100707500.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.94.1fcf58bAkD2Xi#top-nav-bar
https://sg100707500.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.94.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/High-Quality-Veterinary-USP-Penicillin-G_60728867820.html?spm=a2700.7724838.2017115.82.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/PENICILLIN-G-PROCAINE-NON-STERILE-ORAL_50030208121.html?spm=a2700.7724838.2017115.92.1fcf58bAkD2Xi

2.3.12 veterinary products streptomycin sulfate+procaine penicillin+benzyl penicillin powder for livestock

US $0.01-1 / Box

20000 Boxes (Min. Order)

Dosage Form: Injection,Powder

Animal Type: Cattle

Function: Antibacterial Drugs

Place of Origin: Hebei,China (Mainland)
Brand Name: getion or your brand

Hebei New Century Pharmaceutical Co.,

Ltd.,

China (Mainland)

Fiona Zhang
Mob, 008615032679180
{ iona@chinanewphars, ¢n

2.3.13 Penicillin ,Penicillin industrial salt

200 Kilograms (Min. Order)
Dosage Form: Powder

Animal Type:
Cattle,Fowl,Horse,Pig,Sheep

Function: Antibiotic
Place of Origin: CN

Brand Name: puertai

Zhengzhou MCT International Co., Ltd., China (Mainland)

Model Number: 6008

2.3.14 Procaine Penicillin 20%+Dihydrostreptomycin Sulfate 25% Injection for animal use

5000 Pieces (Min. Order)

Dosage Form: Injection

Animal Type: Cattle,Horse,Sheep
Function: Antibacterial Drugs

Place of Origin: Hebei,China (Mainland)
Brand Name: VEYONG

Model Number: 20%+25% 20%+20%

Hebei Veyong Animal Pharmaceutical Co., Ltd.,
China (Mainland)

31



https://www.alibaba.com/product-detail/veterinary-products-streptomycin-sulfate-procaine-penicillin_60041943663.html?spm=a2700.7724838.2017115.98.1fcf58bAkD2Xi
https://hbnewcentury.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.101.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Penicillin-Penicillin-industrial-salt_584893065.html?spm=a2700.7724838.2017115.106.1fcf58bAkD2Xi
https://mct.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.109.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Procaine-Penicillin-20-Dihydrostreptomycin-Sulfate-25_1989956789.html?spm=a2700.7724838.2017115.114.1fcf58bAkD2Xi
https://veyong-vet.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.117.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/veterinary-products-streptomycin-sulfate-procaine-penicillin_60041943663.html?spm=a2700.7724838.2017115.99.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Penicillin-Penicillin-industrial-salt_584893065.html?spm=a2700.7724838.2017115.107.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Procaine-Penicillin-20-Dihydrostreptomycin-Sulfate-25_1989956789.html?spm=a2700.7724838.2017115.115.1fcf58bAkD2Xi

2.3.15 APA Penstrep 20 S | High quality Veterinary Medicine| Dog Medicine with Penicillin (Vietnam)

US $0.5-1.5 / Unit

200 Units (Min. Order)
Dosage Form: Suspension
Animal Type: Pets

Function: Antibacterial Drugs
Type: Antibiotic

Place of Originn Ho Chi Minh
City,Vietnam

Brand Name: APA

#APA

APA UNITED NANO TECHNOLOGY CO., LTD, Vietham

2.3.16 GMP, Dihydrostreptomycin sulphate + Procaine penicillin G suspension injection for veterinary

medicine/cattle/poultry < ASIFAC> (Vietnam)

US $0.01-0.05 / Unit

2000 Units (Min. Order)

Dosage Form: Injection,Suspension
Animal Type: Cattle,Horse,Pig,Sheep
Function: Antibacterial Drugs

Type: Antibiotic

Appearance: White suspension

Place of Origin: Dong Nai,Vietnam

BRANCH OF THINH A VETERINARY MEDICINE TRADING

AND MANUFACTURING JOINT STOCK COMPANY , Vietnam

Webaite: wwwasiac.comva

Emait: phang! gmail.com

2.3.17 Benzyl Penicillin for Injection

US $0.1-0.2 / Box

10000 Boxes (Min. Order)
Place of Origin: CN
Brand Name: ZMC

Zhejiang Medicines & Health Products I/E Co., Ltd.

I AANG VRIS & VAT
SO & LX00KT COLLTD

China (Mainland)
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https://www.alibaba.com/product-detail/APA-Penstrep-20-S-High-quality_50035766510.html?spm=a2700.7724838.2017115.122.1fcf58bAkD2Xi
https://apanano.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.125.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/GMP-Dihydrostreptomycin-sulphate-Procaine-penicillin-G_50034338884.html?spm=a2700.7724838.2017115.130.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/GMP-Dihydrostreptomycin-sulphate-Procaine-penicillin-G_50034338884.html?spm=a2700.7724838.2017115.130.1fcf58bAkD2Xi
https://asifac1995.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.133.1fcf58bAkD2Xi#top-nav-bar
https://asifac1995.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.133.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Benzyl-Penicillin-for-Injection_60600111320.html?spm=a2700.7724838.2017115.138.1fcf58bAkD2Xi
https://zmcbiomed.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.141.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/APA-Penstrep-20-S-High-quality_50035766510.html?spm=a2700.7724838.2017115.123.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/GMP-Dihydrostreptomycin-sulphate-Procaine-penicillin-G_50034338884.html?spm=a2700.7724838.2017115.131.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Benzyl-Penicillin-for-Injection_60600111320.html?spm=a2700.7724838.2017115.139.1fcf58bAkD2Xi

2.3.18 Benzyl penicillin potassium Injection for Veterinary

10 Kilograms (Min. Order)

Dosage Form: Injection

Animal Type: Cattle,Pig

Function: Antibacterial Drugs

Place of Origin: Zhejiang,China (Mainland)
Model Number: veterinary

white crystal powder: off-white crystal powder

Hangzhou Union Biotechnology Co., Ltd.

China (Mainland) Trade Assurance

Transaction Level:
20,000+

2 Transactions(6 months),

2.3.19 Top quality acid-resisting penicillin antibiotics Oxacillin Sodium Sterile

US $10-300 / Kilogram

1 Kilogram (Min. Order)

Dosage Form: Injection,Powder,Tablet

Animal Type: Cattle,Fowl,Horse,Pets,Pig,Sheep
Function: Antibacterial Drugs

Appearance: White or almost white powder.
Place of Origin: CN

Brand Name: TOP-PHARMCHEM

Shaanxi TOP Pharm Chemical Co., Litd.

China (Mainland)

| r

neERtT

RED HOT

2.4 Ampicillin products on market (China, ..)

2.4.1 Ampicillin Trihydrate CAS 7177-48-2

US $30-50 / Kilogram

25 Kilograms (Min. Order)

MF: C16H19N304S.3(H20)

Other Names: Ampicillin Trihydrate
Purity: 99%min

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Medicine Grade

Usage: Animal Pharmaceuticals

G

e b i et

Ampicillin Trilwdrate
CAS No TITT-48-2

£
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https://www.alibaba.com/product-detail/Benzyl-penicillin-potassium-Injection-for-Veterinary_531333625.html?spm=a2700.7724838.2017115.145.1fcf58bAkD2Xi
https://unionbiotechnology.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.148.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.149.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Top-quality-acid-resisting-penicillin-antibiotics_1581313284.html?spm=a2700.7724838.2017115.155.1fcf58bAkD2Xi
https://top-biochem.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.158.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Ampicillin-Trihydrate-CAS-7177-48-2_1617959991.html?spm=a2700.7724838.2017115.1.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/Benzyl-penicillin-potassium-Injection-for-Veterinary_531333625.html?spm=a2700.7724838.2017115.146.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Top-quality-acid-resisting-penicillin-antibiotics_1581313284.html?spm=a2700.7724838.2017115.156.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Ampicillin-Trihydrate-CAS-7177-48-2_1617959991.html?spm=a2700.7724838.2017115.2.1fcf58bAkD2Xi&s=p

Afine Chemicals Limited

China (Mainland) Trade Assurance

2.4.2 Pharmaceutical raw materials ampicillin trihydrate from GMP manufacturer, CAS7177-48-2

US $1-50 / Kilogram @ﬁg#ﬁ-
25 Kilograms (Min. Order)

MEF: C17H20N406

Purity: 96-102.0%

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Medicine Grade,Tech Grade

Usage: Animal Pharmaceuticals

www.infoark.com<n

Appearance: White or almost white, crystalline powder

2.4.3 high purity and free sample ampicillin

US $3-10 / Kilogram

1 Kilogram (Min. Order)
MF: C16H19N304S3H20
Other Names: amfipen
Other name: amfipen
Purity: 99%min

Type: Antibiotic and Antimicrobial Agents,Antipyretic

e’ . P NEM g0l ’

USTRY

Analgesics and NSAIDs,Auxiliaries and Other

Medicinal Chemicals,ampicillin Daily Hi Industry (Shanghai) Co., Ltd.

Grade Standard: Food Grade,Medicine Grade,ampicillin China (Mainland)

2.4.4 Ampicillin trihydrate CAS /INO:7177-48-2

US $1'1000 / Kilogram Sém € Gold Supplier ] Trade Asswance
1 Kilogram (Min. Order) Ampicillin
ME: C16H19N3NaO4S

Oy N
Y

[
g
o,v\"“‘c\':/%"/ M

Other Names: Ampicillin

\J o

& < 150 (@

Purity: 99%min

Type: Urinary System Agents

Xi'an Sgonek Biological Technology Co., Ltd.,

Grade Standard: Medicine Grade

China (Mainland) Trade Assurance

Usage: Animal Pharmaceuticals Transactions(6 months), 10,000+

, Transaction Level:
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https://afinechem.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.4.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.5.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Pharmaceutical-raw-materials-ampicillin-trihydrate-from_60657114268.html?spm=a2700.7724838.2017115.18.1fcf58bAkD2Xi&s=p
https://infoark.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.21.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/high-purity-and-free-sample-ampicillin_60682106925.html?spm=a2700.7724838.2017115.25.1fcf58bAkD2Xi&s=p
https://dailyhi.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.28.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Ampicillin-trihydrate-CAS-NO-7177-48_60556979634.html?spm=a2700.7724838.2017115.32.1fcf58bAkD2Xi&s=p
https://sgonekbio.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.35.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.36.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Pharmaceutical-raw-materials-ampicillin-trihydrate-from_60657114268.html?spm=a2700.7724838.2017115.19.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/high-purity-and-free-sample-ampicillin_60682106925.html?spm=a2700.7724838.2017115.26.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/Ampicillin-trihydrate-CAS-NO-7177-48_60556979634.html?spm=a2700.7724838.2017115.33.1fcf58bAkD2Xi&s=p

245 GMP APPROVED HIGH PURITY LOW PRICE AMPICILLIN TRIHYDRATE

US $23.0-24.0 / Kilograms

200 Kilograms (Min. Order)

MF: C16H19N304S.3H20

Other Names: AMPICILLINE

Purity: 99%min

Type:  Antibiotic and  Antimicrobial
Agents,Antibiotic and Antimicrobial Ag

Grade Standard: Medicine Grade, Medicine
Grade

Usage: Animal Pharmaceuticals ) L ) i
Landy Enterprise Limited , China (Mainland) Trade

Assurance

2.4.6 Veterinary hormones antibiotic compacted powder Ampicillin trihydrate
US $15-105 / Kilogram

1 Kilogram (Min. Order)

MEF: C16H19N3NaO4S

Other name: Ampicillin trihydrate compacted

Other Names: Ampicillin trihydrate

Purity: 99%

Type: Anesthetic Agents, Anti-Allergic Agents,Antibiotic and Antimicrobial Agents, Antidote, Antineoplastic
Agents,Antiparasitic Agents,Antipyretic Analgesics and NSAIDs,Auxiliaries and Other Medicinal Chemicals, Blood
System Agents, Cardiovascular Agents,Central Nervous System Agents,Disinfectant and Preservatives,Electrolyte

Balance and Dialysis Agents,Endocrine System Agents,Gastrointestinal Agents,Immune Function Agents,Respiratory

System Agents,Urinary System Agents,Vitamins, Amino Acids and Coenzymes

Grade Standard: Cosmetic Grade, Feed Grade Food Grade,Medicine Grade, Tech Grade

2.4.7 Pharmaceutical raw material Ampicillin/cas no 69-53-4

US $2-10 / Kilogram Daily Hi Industry (Shanghai)
1 Kilogram (Min. Order) Co., Ltd.
MF: C16H19N304S3H20 China (Mainland)

Other Names: amfipen
Purity: 99%-101%

Type: Antibiotic and Antimicrobial Agents,Antipyretic Analgesics and
NSAIDs,Auxiliaries and Other Medicinal Chemicals,Ampicillin

Grade Standard: Cosmetic Grade,Food Grade,Medicine
Grade,Ampicillin
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https://www.alibaba.com/product-detail/GMP-APPROVED-HIGH-PURITY-LOW-PRICE_60680870216.html?spm=a2700.7724838.2017115.41.1fcf58bAkD2Xi&s=p
https://ahlandy.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.44.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.45.1fcf58bAkD2Xi&tracelog=from_list_item
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.45.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Veterinary-hormones-antibiotic-compacted-powder-Ampicillin_60700629122.html?spm=a2700.7724838.2017115.50.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/Pharmaceutical-raw-material-Ampicillin-cas-no_60684356276.html?spm=a2700.7724838.2017115.59.1fcf58bAkD2Xi&s=p
https://dailyhi.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.62.1fcf58bAkD2Xi#top-nav-bar
https://dailyhi.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.62.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/GMP-APPROVED-HIGH-PURITY-LOW-PRICE_60680870216.html?spm=a2700.7724838.2017115.42.1fcf58bAkD2Xi&s=p

Usage: Animal Pharmaceuticals

2.4.8 Pharmaceutical raw material Ampicillin Trihydrate powder,Ampicillin compacted

US $20-50 / Kilogram

25 Kilograms (Min. Order)

MEF: C16H19N304S

Purity: 99%

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Feed Grade,Medicine Grade

Usage: Animal Pharmaceuticals,Antibacterial

Drugs

Appearance:: white or a kind of white crystal

powder

@mm

Beijing Infoark Co., Ltd. , China (Mainland)

2.4.9 High quality competitive price 69-53-4 Ampicillin in bulk supply

US $1-1000 / Kilogram -
Sggaﬁ)

Ampicillin

1 Kilogram (Min. Order)

MF: C16H19N3NaO4S

Other Names: Ampicillin

Purity: 99%min

Type: Urinary System Agents
Grade Standard: Medicine Grade

Usage: Animal Pharmaceuticals

€3 Gold Supplier Trade Assance

Xi'an Sgonek Biological Technology Co., Ltd.

Transaction

China (Mainland) Trade Assurance

Level: 33 Transactions(6 months), 10,000+
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https://www.alibaba.com/product-detail/Pharmaceutical-raw-material-Ampicillin-Trihydrate-powder_60666856054.html?spm=a2700.7724838.2017115.66.1fcf58bAkD2Xi&s=p
https://infoark.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.69.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/High-quality-competitive-price-69-53_60553365050.html?spm=a2700.7724838.2017115.73.1fcf58bAkD2Xi&s=p
https://sgonekbio.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.76.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.77.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Pharmaceutical-raw-material-Ampicillin-Trihydrate-powder_60666856054.html?spm=a2700.7724838.2017115.67.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/High-quality-competitive-price-69-53_60553365050.html?spm=a2700.7724838.2017115.74.1fcf58bAkD2Xi&s=p

2.4.10 PHARMACEUTICAL GRADE 99% AMPICILLIN MANUFACTURER

US $23.0-24.0 / Kilograms

200 Kilograms (Min. Order)
MF: C16H19N304S.3H20
Other Names: AMPICILLINE
Purity: 99%min

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Medicine Grade, Medicine Grade

Usage: Animal Pharmaceuticals

Landy Enterprise Limited , China (Mainland) Trade

Assurance

2.4.11 High Quality Ampicillin CAS:7177-48-2 Ampicillin Trihydrate Powder

US $20-40 / Kilogram

1 Kilogram (Min. Order)

MEF: C16H19N304S.3H20, C16H19N
Other Names: AMPICILLINE

Purity: 99%min

Type: Antibiotic and Antimicrobial Agents, API

ampicillin  trihydrate veterinary

ampicillin powder

Grade Standard: Feed Grade,Medicine Grade, Tech

Grade

Usage: Animal Pharmaceuticals

antibiotic

Zhengzhou Panpan Chemical Co., Ltd.

China (Mainland) Trade Assurance

2.4.12 factory supply High quality pharmaceutical Grade Ampicillin//69-53-4

US $1-1000 / Kilogram

1 Kilogram (Min. Order)

MF: C16H19N3NaO4S

Other Names: Ampicillin

Purity: 99%min

Type: Urinary System Agents
Grade Standard: Medicine Grade

Usage: Animal Pharmaceuticals

- €3} Gold Supplier Trade Assuance
Sgenek) - .
Ampicillin

A%

0 N,
oN—( NN

& < 50 (@

Xi'an Sgonek Biological Technology Co., Ltd.

China (Mainland) Trade Assurance

Transaction Level: 33 Transactions(6 months), 10,000+
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https://www.alibaba.com/product-detail/PHARMACEUTICAL-GRADE-99-AMPICILLIN-MANUFACTURER_60681109052.html?spm=a2700.7724838.2017115.82.1fcf58bAkD2Xi&s=p
https://ahlandy.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.85.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.86.1fcf58bAkD2Xi&tracelog=from_list_item
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.86.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/High-Quality-Ampicillin-CAS-7177-48_60726807510.html?spm=a2700.7724838.2017115.91.1fcf58bAkD2Xi&s=p
https://zzpandustry.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.94.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.95.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/factory-supply-High-quality-pharmaceutical-Grade_60552812461.html?spm=a2700.7724838.2017115.107.1fcf58bAkD2Xi&s=p
https://sgonekbio.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.110.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.111.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/PHARMACEUTICAL-GRADE-99-AMPICILLIN-MANUFACTURER_60681109052.html?spm=a2700.7724838.2017115.83.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/High-Quality-Ampicillin-CAS-7177-48_60726807510.html?spm=a2700.7724838.2017115.92.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/factory-supply-High-quality-pharmaceutical-Grade_60552812461.html?spm=a2700.7724838.2017115.108.1fcf58bAkD2Xi&s=p

2.4.13 Pharmaceutical Material 99% Ampicillin Compacted

US $23.0-24.0 / Kilograms

200 Kilograms (Min. Order)
ME: C16H19N304S.3H20
Other Names: AMPICILLINE
Purity: 99%min
Type: Antibiotic and Antimicrobial
Antimicrobial Ag

Grade Standard: Medicine Grade, Medicine Grade

Usage: Animal Pharmaceuticals

Agents,Antibiotic

and

Landy Enterprise Limited, China (Mainland) Trade Assurance

2.4.14 China API Medicine grade ampicillin animals compacted powder

US $20-40 / Kilogram

1 Kilogram (Min. Order)

MF: C16H19N304S.3H20, C16H19N

Other Names: AMPICILLINE

Purity: 99%min

Type: Antibiotic and Antimicrobial Agents,China
API

compacted powder

Grade Standard: Feed Grade,Medicine Grade,Tech
Grade

Medicine grade ampicillin animals

Usage: Animal Pharmaceuticals

Zhengzhou Panpan Chemical Co., Ltd., China

(Mainland) Trade Assurance

2.4.15 Pharmaceutical raw material Ampicillin

US $2-10 / Kilogram

1 Kilogram (Min. Order)
MEF: C16H19N304S3H20
Other Names: amfipen
Other name: amfipen

Purity: 99%min

Type: Antibiotic and Antimicrobial
Agents,Auxiliaries and Other Medicinal
Chemicals,ampicillin

Grade Standard: Food Grade,Medicine

CJ dailyhi

DAILY HI INDUSTRY 48

Daily Hi Industry (Shanghai) Co., Ltd.

China (Mainland)
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https://www.alibaba.com/product-detail/Pharmaceutical-Material-99-Ampicillin-Compacted_60679567790.html?spm=a2700.7724838.2017115.116.1fcf58bAkD2Xi&s=p
https://ahlandy.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.119.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.120.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/China-API-Medicine-grade-ampicillin-animals_60722662690.html?spm=a2700.7724838.2017115.125.1fcf58bAkD2Xi&s=p
https://zzpandustry.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.128.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.129.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Pharmaceutical-raw-material-Ampicillin_60683031418.html?spm=a2700.7724838.2017115.134.1fcf58bAkD2Xi&s=p
https://dailyhi.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.137.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Pharmaceutical-Material-99-Ampicillin-Compacted_60679567790.html?spm=a2700.7724838.2017115.117.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/China-API-Medicine-grade-ampicillin-animals_60722662690.html?spm=a2700.7724838.2017115.126.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/Pharmaceutical-raw-material-Ampicillin_60683031418.html?spm=a2700.7724838.2017115.135.1fcf58bAkD2Xi&s=p

Grade,ampicillin

2.4.16 SG supply Ampicillin powder CAS:69-53-4

US $20-500 / Kilogram Sé@nm o
5 Kilograms (Min. Order)
MF: C16H19N304S
Other Names: Ampicillin
Purity: 99%min

Type: Ampicillin

Grade Standard: Medicine Grade c

Color: White

Gold Supplier Trade Asswance

Ampicillin
P

Xi'an Sgonek Biological Technology

0., Ltd., China (Mainland) Trade Assurance,

Transaction Level: 33 Transactions(6 months), 10,000+

2.4.17 HIGH QUALITY PHARMACEUTICAL MATERIAL AMPICILLIN POWDER

US $23.0-24.0 / Kilograms

200 Kilograms (Min. Order)

ME: C16H19N304S.3H20

Other Names: AMPICILLINE

Purity: 99%min

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Medicine Grade

Usage: Animal Pharmaceuticals

@ @ ¢

Landy Enterprise Limited , China (Mainland) Trade

Assurance

2.4.18 China API ampicillin trihydrate veterinary antib

iotic ampicillin powder

US $20-40 / Kilogram

1 Kilogram (Min. Order)

MEF: C16H19N304S.3H20, C16H19N

Other Names: AMPICILLINE

Purity: 99%min

Type: Antibiotic and Antimicrobial Agents, API
ampicillin antibiotic

trihydrate  veterinary

ampicillin powder

Grade Standard: Feed Grade,Medicine Grade, Tech
Grade

Usage: Animal Pharmaceuticals

Zhengzhou Panpan Chemical Co., Ltd.,

China (Mainland) Trade Assurance
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https://www.alibaba.com/product-detail/SG-supply-Ampicillin-powder-CAS-69_60471673708.html?spm=a2700.7724838.2017115.141.1fcf58bAkD2Xi&s=p
https://sgonekbio.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.144.1fcf58bAkD2Xi#top-nav-bar
https://sgonekbio.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.144.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.145.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/HIGH-QUALITY-PHARMACEUTICAL-MATERIAL-AMPICILLIN-POWDER_60681041899.html?spm=a2700.7724838.2017115.150.1fcf58bAkD2Xi&s=p
https://ahlandy.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.153.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.154.1fcf58bAkD2Xi&tracelog=from_list_item
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.154.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/China-API-ampicillin-trihydrate-veterinary-antibiotic_60721671146.html?spm=a2700.7724838.2017115.159.1fcf58bAkD2Xi&s=p
https://zzpandustry.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.162.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.163.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/SG-supply-Ampicillin-powder-CAS-69_60471673708.html?spm=a2700.7724838.2017115.142.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/HIGH-QUALITY-PHARMACEUTICAL-MATERIAL-AMPICILLIN-POWDER_60681041899.html?spm=a2700.7724838.2017115.151.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/China-API-ampicillin-trihydrate-veterinary-antibiotic_60721671146.html?spm=a2700.7724838.2017115.160.1fcf58bAkD2Xi&s=p

2.4.19 FACTORY SUPPLY LOW PRICE COMPACTED AMPICILLIN GRANULES

US $23.0-24.0 / Kilograms

200 Kilograms (Min. Order)

MF: C16H19N304S.3H20

Other Names: AMPICILLINE

Purity: 99%min

Type: Antibiotic and Antimicrobial Agents

Grade Standard: Medicine Grade, Medicine
Grade

Usage: Animal Pharmaceuticals

ACYORY SUPPL

€ COMPACTED AMPICILLIN GRANUL

© & <

Landy Enterprise Limited, China (Mainland) Trade

Assurance

2.4.20 High quality ampicillin trihydrate drug ampicillin compacted powder

US $20-40 / Kilogram

1 Kilogram (Min. Order)

MEF: C16H19N304S.3H20, C16H19N

Other Names: AMPICILLINE

Purity: 99%min

Type: Antibiotic and Antimicrobial Agents,High
quality ampicillin trihydrate drug ampicillin
compacted powder

Grade Standard: Feed Grade,Medicine Grade, Tech
Grade

Usage: Animal Pharmaceuticals

Zhengzhou Panpan Chemical Co., Ltd., China

(Mainland) Trade Assurance

2.4.21 Wholesale 99% Purity CAS No 69-52-3 Ampicillin sodium (Georgia)

0.1 Kilograms (Min. Order)
MF: C16H18N3NaO4S
Other Names: Reasonable

Purity: 99%min

Type: Auxiliaries and Other Medicinal Chemicals, fitness

Grade Standard: Food Grade,Medicine Grade

Appearance: White Powder

Synprotech LLC , Georgia
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https://www.alibaba.com/product-detail/FACTORY-SUPPLY-LOW-PRICE-COMPACTED-AMPICILLIN_60679548590.html?spm=a2700.7724838.2017115.175.1fcf58bAkD2Xi&s=p
https://ahlandy.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.178.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.179.1fcf58bAkD2Xi&tracelog=from_list_item
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.179.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/High-quality-ampicillin-trihydrate-drug-ampicillin_60721249376.html?spm=a2700.7724838.2017115.184.1fcf58bAkD2Xi&s=p
https://zzpandustry.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.187.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.188.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Wholesale-99-Purity-CAS-No-69_50036057375.html?spm=a2700.7724838.2017115.193.1fcf58bAkD2Xi
https://synprotech.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.196.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/FACTORY-SUPPLY-LOW-PRICE-COMPACTED-AMPICILLIN_60679548590.html?spm=a2700.7724838.2017115.176.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/High-quality-ampicillin-trihydrate-drug-ampicillin_60721249376.html?spm=a2700.7724838.2017115.185.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/Wholesale-99-Purity-CAS-No-69_50036057375.html?spm=a2700.7724838.2017115.194.1fcf58bAkD2Xi

2.4.22 Ampicillin 5%, Colistin 20MUI/100g WSP, antibiotics (Vietnam)

US $0.01 / Pieces

1000 Pieces (Min. Order)
Dosage Form: Powder

Animal Type: Cattle,Fowl,Pig
Function: Antibacterial Drugs
Place of Origin: Hanoi,Vietnam
Model Number: FIVEVET
Brand Name: Five-Ampicon

CENTRAL VETERINARY MEDICINE JOINT STOCK
COMPANY NO.5, Vietham

2.4.23 Hydroxyl ampicillin/penicillin CAS:61336-70-7

US $1-100 / Kilogram

0.01 Kilograms (Min. Order)

MEF: C16H19N305S

Other Names: Hydroxyl ampicillin penicillin
Purity: 99%

Type: Anesthetic Agents,Anti-Allergic = Agents,Antibiotic and

Antimicrobial Agents,Antidote,Antineoplastic Agents,Antiparasitic
Agents, Antipyretic Analgesics and NSAIDs,Auxiliaries and Other
Medicinal Chemicals,Blood

Agents,Central  Nervous

System Agents,Cardiovascular

System  Agents,Disinfectant  and

Preservatives,Electrolyte Balance and Dialysis Agents,Endocrine

System Agents,Gastrointestinal Agents,Immune Function

Agents,Respiratory System Agents,Urinary System Agents,Vitamins,

Amino Acids and Coenzymes

Grade Standard: Cosmetic Grade,Feed
Grade,Food Grade,Medicine Grade

Usage: Animal Pharmaceuticals

AN

{Y); Hefei JOYE Import and Export Co.,Ltd
oeE

L p—

Hefei Joye Import & Export Co., Ltd.

China (Mainland) Trade Assurance

2.5 Amoxicillin products on market (Products of China, ..)

2.5.1 Pet Medicine Antibiotics Amoxicilin Powder 10% for Cat chicken poultry amoxycillin poultry

US $1-20 / Kilogram
10 Kilograms (Min. Order)
Dosage Form: Powder

Animal Type: Aquatic Animals,Cattle,Fowl,Horse,Other
Special Breeding Animals,Pets,Pig,Sheep

Function: Antibacterial Drugs

Place of Origin: CN;HUB,Hubei, China (Mainland)

N

Hubei Longxiang Pharmaceutical

7 ¥IIBD &= AR

AMOXICILLIN
SOLUBLE POWDER I3

Tech
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https://www.alibaba.com/product-detail/Ampicillin-5-Colistin-20MUI-100g-WSP_50026408807.html?spm=a2700.7724838.2017115.201.1fcf58bAkD2Xi
https://fivevet.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.204.1fcf58bAkD2Xi#top-nav-bar
https://fivevet.trustpass.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.204.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Hydroxyl-ampicillin-penicillin-CAS-61336-70_60635062140.html?spm=a2700.7724838.2017115.209.1fcf58bAkD2Xi
https://ahjoye.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.212.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.213.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Pet-Medicine-Antibiotics-Amoxicilin-Powder-10_60703780962.html?spm=a2700.7724838.2017115.1.1fcf58bAkD2Xi&s=p
https://lxpharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.4.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Ampicillin-5-Colistin-20MUI-100g-WSP_50026408807.html?spm=a2700.7724838.2017115.202.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Hydroxyl-ampicillin-penicillin-CAS-61336-70_60635062140.html?spm=a2700.7724838.2017115.210.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Pet-Medicine-Antibiotics-Amoxicilin-Powder-10_60703780962.html?spm=a2700.7724838.2017115.2.1fcf58bAkD2Xi&s=p

Brand Name: Longxiang

Co., Ltd., China (Mainland)

2.5.2 Farming medicine Antibiotics Amoxicilin Powder 10% antibiotics for chickens

US $1-20 / Kilogram
10 Kilograms (Min. Order)
Dosage Form: Powder
Animal

Type: Aquatic

Animals,Cattle,Fowl Horse,Other Special

Breeding Animals,Pets,Pig,Sheep

Function: Antibacterial Drugs

Place of Origin: CN;HUB,Hubei, China (Mainland)
Brand Name: Longxiang

Model Number: 10%

WS AR
7€ V31 D0 DA RR

- AMOXICILLIN
SN SRLE POWDER 2D

XICILLIN
[ ROWDER 0

Hubei Longxiang Pharmaceutical Tech Co., Ltd.

China (Mainland)

2.5.3 USP BP EP CP Amoxicilin,amoxicilina powder

US $10-100 / Kilogram

25 Kilograms (Min. Order)

ME: C16H19N305S.3H20

Other Names: Almodan

Purity: more than 99%

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Medicine Grade

Usage: Animal Pharmaceuticals

Shanghai Ruizheng Chemical Technology Co., Ltd., China (Mainland)

Transaction Level: 25 Transactions(6 months), 130,000+

richest

180 SGS

infol@richest-group.com

2.5.4 Pharmaceutical grade medicine Amoxicilin,amoxicilina powder

US $10-100 / Kilogram

1 Kilogram (Min. Order)

MEF: C16H19N305S.3H20

Other Names: Almodan

Purity: 99%

Type: Antibiotic and Antimicrobial Agents
Grade Standard: Medicine Grade,Tech Grade

Usage: Animal Pharmaceuticals

Xi'an Geekee Biotech Co., Ltd. , China (Mainland) Trade Assurance

www.geekeebio.com
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https://www.alibaba.com/product-detail/Farming-medicine-Antibiotics-Amoxicilin-Powder-10_60704220336.html?spm=a2700.7724838.2017115.8.1fcf58bAkD2Xi&s=p
https://lxpharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.11.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/USP-BP-EP-CP-Amoxicilin-amoxicilina_60684950488.html?spm=a2700.7724838.2017115.24.1fcf58bAkD2Xi
https://richestgroup.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.27.1fcf58bAkD2Xi#top-nav-bar
https://www.alibaba.com/product-detail/Pharmaceutical-grade-medicine-Amoxicilin-amoxicilina-powder_60620420473.html?spm=a2700.7724838.2017115.33.1fcf58bAkD2Xi
https://geekee.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.36.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.37.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Farming-medicine-Antibiotics-Amoxicilin-Powder-10_60704220336.html?spm=a2700.7724838.2017115.9.1fcf58bAkD2Xi&s=p
https://www.alibaba.com/product-detail/USP-BP-EP-CP-Amoxicilin-amoxicilina_60684950488.html?spm=a2700.7724838.2017115.25.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Pharmaceutical-grade-medicine-Amoxicilin-amoxicilina-powder_60620420473.html?spm=a2700.7724838.2017115.34.1fcf58bAkD2Xi

Transaction Level: 42 Transactions(6 months), 10,000+

2.5.5 Amoxicillin raw material Amoxicilin

US $20-26 / Kilogram

10 Kilograms (Min. Order)

MF: C16H25N308S

Other Names: Amoxicillin trihydrate

Purity: 99%

Type: Antibiotic and Antimicrobial
Agents,Respiratory System Agents

Grade Standard: Feed Grade,Medicine Grade, Tech
Grade

Hebei Weierli Animal Pharmaceutical Group Co.,

Usage: Animal Pharmaceuticals Ltd. China (Mainland) Trade Assurance

2.5.6 jiangying,wuxi factory supply amoxicilin capsules/amoxicilina powder/amoxiciline

200000 Pieces (Min. Order)

MEF: C16H19N305S.3H20

Purity: 99%

Type: Antibiotic and Antimicrobial Agents
color: white

Place of Origin: CN

CAS No.: 26787-78-0

S] (Jiangsu) Pharmaceutical Co., Ltd.

China (Mainland) Trade Assurance

Transaction Level: 4 Transactions(6 months), 2,000+

2.5.7 Amoxicilin Trihydrate Compact CAS 26787-78-0

US $60-100 / Kilogram = e —
S Sinoway Industrial Co., Ltd.
100 Grams (Min. Order) 1S00001:2008 e EE——

(27 Years)
Amoxiciline Trihydrate Compact

MF: C16H19N30O5S

Other Names: amoxicillintrhydrate N O
Purity: 95%up Cﬁ_ﬂ“ Mw "o
Type: Anti infection HO

Grade Standard: Medicine Grade

Sulphated ash: 0.1% W SINOWaYCHeM Com | waw.sinowaychem ca
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https://www.alibaba.com/product-detail/Amoxicillin-raw-material-Amoxicilin_1922985695.html?spm=a2700.7724838.2017115.43.1fcf58bAkD2Xi
https://victorypharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.46.1fcf58bAkD2Xi#top-nav-bar
https://victorypharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.46.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.47.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/jiangying-wuxi-factory-supply-amoxicilin-capsules_60071231201.html?spm=a2700.7724838.2017115.53.1fcf58bAkD2Xi
https://jysjpharm.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.56.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.57.1fcf58bAkD2Xi&tracelog=from_list_item
https://www.alibaba.com/product-detail/Amoxicilin-Trihydrate-Compact-CAS-26787-78_60185561260.html?spm=a2700.7724838.2017115.118.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Amoxicillin-raw-material-Amoxicilin_1922985695.html?spm=a2700.7724838.2017115.44.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/jiangying-wuxi-factory-supply-amoxicilin-capsules_60071231201.html?spm=a2700.7724838.2017115.54.1fcf58bAkD2Xi
https://www.alibaba.com/product-detail/Amoxicilin-Trihydrate-Compact-CAS-26787-78_60185561260.html?spm=a2700.7724838.2017115.119.1fcf58bAkD2Xi

Sinoway Industrial Co., L.td.

China (Mainland) Trade Assurance
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Einfo@ucs-jo.com

00962 (6) 5529476

00962 (6) 5522476

http://ucs-jo.com/ar/index.php/project/item/53-apm-sterile-production-lines

Les précurseurs de [-lactame de toutes les pénicillines et céphalosporines sont produits par fermentation

dans des fermenteurs jusqu'a 1000 m3. La concentration des produits dans le milieu a la fin de la
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https://china-sinoway.en.alibaba.com/company_profile.html?spm=a2700.7724838.2017115.121.1fcf58bAkD2Xi#top-nav-bar
https://tradeassurance.alibaba.com/?spm=a2700.7724838.2017115.122.1fcf58bAkD2Xi&tracelog=from_list_item
mailto:info@ucs-jo.com

fermentation qui prend entre cinq et sept jours, est jusqu'a 100 g / L de pénicilline et 20 g / L de

céphalosporine C.
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(France) w9 9 S NpiwXg i b 2lil 2.7
2.7.1  AMOXICILLINE BIOGARAN 500 mg, gélule
e AMOXICILLINE BIOGARAN 500 mg, 12 gélules P, Prix : 2,55€ Taux de remboursement : 65%
e Médicament princeps : CLAMOXYL 500 mg, 12 gélules, Prix : 2,55€

2.7.2 Evolution des consommations d’antibiotiques en France entre 2000 et 2015

L’Agence nationale de sécurité du médicament et des produits de santé (ANSM) analyse chaque année les
données relatives a la consommation des antibiotiques en France. Les résultats présentés dans la nouvelle
édition de son rapport montrent notamment que la consommation des antibiotiques repart a la hausse
depuis 2010, et que la France reste parmi les pays européens ou celle-ci est la plus élevée. Ce niveau élevé
est tres préoccupant car une utilisation non maitrisée des antibiotiques est responsable du développement
des résistances bactériennes. De surcroit, I'éventail des solutions de recours que constituent les
antibiotiques dits « de réserve » s’appauvrit en raison de la diminution du nombre de substances

antibiotiques disponibles et d’une innovation thérapeutique trop modeste.

La consommation d’antibiotiques a globalement diminué de 11,4 % entre 2000 et 2015, mais elle est en
hausse de 5,4 % depuis 2010.

Plusieurs points doivent étre soulignés :
La consommation d’antibiotiques en ville représente 93 % de la consommation totale.
Elle se caractérise par :

Un usage important des pénicillines et notamment de I’association amoxicilline-acide clavulanique, qui est

particulierement génératrice de résistances ;

Une diminution de 'usage des quinolones, ce qui constitue un point positif ;

Des durées de prescription trés variables, avec une moyenne se situant a 9,2 jours ;
Des disparités de consommation importantes entre plusieurs régions francaises.

A I'hdpital, la consommation d’antibiotiques représente 7 % de la consommation totale. Elle a peu évolué

au cours de ces dernieres années et se caractérise par :
Une stabilisation de la consommation des céphalosporines de 3éme et 4éme générations ;

Une diminution de la consommation de la colistine injectable, substance active qui exige un suivi

spécifique en raison du développement de souches bactériennes multi-résistantes.

En revanche, d’autres évolutions demeurent défavorables, comme la progression de l'usage des

carbapénemes.

En Europe, aucun changement majeur n’a été observé depuis 2000 dans la cartographie des

consommations.

En ville, la France se situe en 2015 au 4éme rang et son niveau de consommation reste tres supérieur a la
moyenne européenne. A 1'hopital, cependant, la consommation frangaise se rapproche de la moyenne

européenne

Le travail d’analyse effectué par I’ANSM a pour but de contribuer au meilleur usage des antibiotiques.
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L’objectif poursuivi ne doit pas seulement étre quantitatif et aboutir a ce que la consommation frangaise

rejoigne la moyenne européenne. Une évolution qualitative de la consommation doit également étre

recherchée. Les prescriptions inadaptées, inutiles ou trop longues doivent étre évitées. Le bon usage

demeure ainsi plus que jamais une priorité.

2.7.3 AMOKXICILLINE ACIDE CLAVULANIQUE 500 mg/62,5 mg

Médicament Notice| Prix [Remboursement

AMOXICILLINE/ACIDE CLAVULANIQUE SANDOZ 500 mg/62,5

o L Notice||7,48€ 65%
mg ADULTES, 24 comprimés pelliculés P
AMOXICILLINE/ACIDE CLAVULANIQUE SANDOZ 500 mg/62,5 '

o o Notice||6,15€ 65%
mg ADULTES, 16 comprimés pelliculés P

2.8
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https://www.pharmanity.com/medicaments/amoxicilline-acide-clavulanique-sandoz-500-mg-62-5-mg-adultes-comprime-pellicule-rapport-amoxicilline-acide-clavulanique-8-1-n803ea5
https://www.pharmanity.com/medicaments/amoxicilline-acide-clavulanique-sandoz-500-mg-62-5-mg-adultes-comprime-pellicule-rapport-amoxicilline-acide-clavulanique-8-1-n803ea5

The cost of production of penicillin

(Production costs) g5/ 45 2.9

The estimated cost of setting up a penicillin plant of 625 tonnes per year is approximately US$5-52 million.
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Description Range %|Ave|Used| of Costs

|. Direct Costs (DC) FCI
A. Equipment plus FCI
1. Purchased equipment (PEC) FCI $300,000

2. Installation, insulation, painting 20-150 | 50 | 50%|PEC $150,000
3. Instrumentation & control, installed| 20-60 | 35 | 35%|PEC $105,000

4. Piping, installed 30-60 | 40 | 40%|PEC $120,000
5. Electrical, installed 10-20 | 15 | 15%|PEC $45,000
B. Buildings including services 10-200 | 45 | 45%|PEC $135,000
C. Service facilities 20-100 | 50 | 50%|PEC $150,000
D. Yard Improvement 5-20 | 15 PEC
Total Direct Costs (TDC) $1,005,000
II. Indirect costs (IDC)
A. Engineering & supervision 20-30 | 25 | 25%|TDC $0
B. Legal expenses 1-3 2 | 2%|FCI $0|H19*F15
C. Construction & contractor's fee 35-50 | 40 | 40%|FCI [ $402,000|H19°F16
D. Contingency 7-15 | 10 [ 10%(FCI $0|H19*F17
Total Indirect Costs $402,000
(H12+H14)/(1-
|Il. Fixed Capital Investment (FCI)=DC+IDC 0.4-1 $2,093,751|sum(f15:f17))
IV. Working Capital (WC) 10-20 | 15 | 15%|TCI $369,485
V. Total Capital Investment (TCI)=FCI+WC $2,463,236/H19/(1-F20)
|Source: Peters, et al., Plant Design and Economics for Chemical Engineers (2003)
Harrison, et al., Bioseparations Science and Engineering (2003)
ldall S

- nbeil] mize cLasy 3ual Sl sl s WS Ju sl

Purchase costs O Cost ($ million)

Basket Centrifuge
Crystallization Unit
Compressors

Air Filters

Fermenters

Heat Sterilizer

Blending Tanks
Rest

1.0 2.0 3.0 4.0 5.0 6.0

50



By IS,

L) 2SS L Joi 3yaal) adlay) i G

Description Range % | Used of |
Fixed Capital Inv (FCI) 2,500,000
Total Capital Inv (TCI) 110-120 | 115% FCI 2,875,000
|. Manufacturing cost
A. Direct Production Costs 66 TPC
1. Raw materials " 10-80 TPC 500,000|
2. Operating labor 20-50 TPC 1,000,000
3. Direct supervisory labor | 10-20 15% |Op Labor 150,000
4. Utilities 1-30 15%|TPC 701,937|
5. Maintenance and Repair | 2-10 6%|FCI 150,000|
6. Operating supplies 10-20 15% |Mainten, 22,500
7. Lab/QCont/QAssurance | 10-20 15%|Op Labor 22,500
8. Patents and royalty 0-6 3%|TPC 140,387
9. Waste Disposal 1-20 1%|TPC 46,796
B. Fixed Charges 10-20 FCI
1. Depreciation Depends 10%|FClI 250,000
2. Local taxes 1-4 2.5%|FCI 62,500(
3. Insurance 0.4-1 0.7%|(FCI 17,500
4. Rent 8-12 Value
5. Financing 0-10 6%|TCI 172,500
C. Plant overhead 50-70 60% |Labor+Maint 780,000
Total Manufacturing Cost 4,016,620
Il. General Expense :
A. Administrative costs [ 20 15% |Labor+Maint 195,000
B. Distribution & selling 2-20 5%|TPC 233,979
C. R&D 2-5 5%|TPC 233,979
IIl. Total Product Cost (TPC) =TMC+Gen Exp 4,679,577|G29/(1-E2¢
f [Factor depending on TPC | 29% j
Term not depending on TPC 3,322,500

‘Source: Peters, et al., Plant Design and Economics for Chemical Engineers (2003)
Harrison, et al., Bioseparations Science and Engineering (2003)

) IS
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active carbon In

solvent solvent
waler acid soivant
]
peniclllin Gor V
conlaining broth
\ -
BROTH FILTRATION SOLVENT EXTRACTION CARBONFILTRATION {
to distilation CARB T to distilation
mycelium extracted broth fliirate carbon '
(¢+solvent) (+ solvent + impurities)
R potassium or sodium
IEYCLE ‘?h lvent acetate in solvent
solvent
hot _air to distillation
‘u:lvonl. >
*+impurities
(gvs?—'— =ls
C AL [ =
FILTRATION
AND DRYING e
peniciin G or V AYSTAL WASHING CRYSTAL FILTRATION CRYSTALLIZATION

polassium or sodium salt to distiliation
scivent { + impurities)

Purchase costs O Cost ($ million)

Basket Centrifuge

]

Crystallization Unit —:I
Compressors [I

|

Air Filters

Fermenters ]

Heat Sterilizer [
Blending Tanks [
0

Rest

0.0 1.0 2.0 3.0 4.0 5.0 6.0
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MEGBI-APP010218

Purchase costs O Cost ($ million)

Basket Centrifuge
Crystallization Unit i
Compressors

Penicillin Recovery Air Fiters |

Fermenters [0

Blending Tanks

L]
1]
—
Heat Sterilizer [
=
]
0

Material Costs
SYSTEM # Piece Priece
valve 18 S60
CNC LAB

Rotary Vacuum Filter 5 $15,000

ANALYSIS OF CONTINUOUS ROTARY
VACUUM FILTERS

$2,300-23,000/ Piece

Corn_steep_liquor 1ton
US $499-599 / Ton
} Min. Order: 20 $570
solvent amyl acetate Kg S6
heat_sterilization 1 $3,400

55

$1.08

$75,000

$570




Fermenters 1000 L 40 $5,000

1 $3,000
Mixer+ blending tank 1 $2,268
US $2,268-12,368 / Piece
Air Filter ' 2 $8,000 $16,000
s7
Total $37,304 $300,239.08
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PH metre 1 $170 $170

$ 159.5-200
control system 1 $350
temperature sensor 1 $100
$5-300
1 $272.09
PO2 metre
Lutron PO2-250 Oxygen Meter
i-zone.in/index.php?route=common/home ’
Homogenizer 1 $1,000.00 $1,000.00

ali baba.com

colunmvoumessia 100 | P s st GINTRALDESCRITION:
PBACHROLATOGRAPHY

4 diffrentPBA T
Wash 3
Chromatogaphy EiuamAT
PBA chromatography colunm 2 $310.00 $620.00 Coh: _J Hant
colunm volume=358.19L. T — : f
[)Column Loading (Load) | patou i—, (-
9)Colunn Wshing (Wash | B
‘ : o B+
3)Column Eluon (Ehe) AT — |
. PS/CAN ST2 out
{)Cohmn Regenerton P
PBA chromatography colunm 1 $268.00 $268.00

Regenera)
colunm volume=276.87L

Waste

2

1P
PBA chromatography colunm 1 $265.00 $265.00

colunm volume=271.76L
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blinding tank
vessel volume=20349.40L

Stirred reactor
vessel volume=198.34L
$520-3000

Stirred reactor
vessel volume=5107.53L

Diafilter
membrane Area=24.11 m2

Diafilter
membrane Area=13.99 m2

stirred reactor
vessel volume=9841.19L

total

total plan Direct cost
direct costs
Equipment purchase cost
installation

process piping
Instrumentation
Electrical

Buildings

Auxiliary facilities
yard improvement
toyal

Cost of workers

labor type $/h

operator

69

$30,480,444
$150,000
$120,000
$105,000
$45,000
$135,000
$150,000

$31,035,444

indirect costs
Engineering
construction
legal expenses
contingency

Annual Amoun Annual cost(S)

117,606

$250.00 $250.00
@D | cee
$365.00 $365.00 0- l
120w
Ex available
$570.00 $570.00
$62.00 $62.00
$45.00 $45.00
$624.00 $624.00
$5,158 $6,072
Description Range %|Ave|Used| of Costs
. Direct Costs (DC) FCI
A. Equipment plus FCI
1. Purchased equipment (PEC) FCI $300,000
2. Installation, insulation, painting 20-150 | 50 | 50%|PEC | $150,000,
3. Instrumentation & control, installed| 20-60 | 35 | 35%|PEC | $105,000]
4. Piping, installed 30-60 | 40 |40%(PEC | $120,000
5. Electrical, installed 10-20 [ 15 | 15%|PEC $45,000
B. Buildings including services 10-200 | 45 | 45%(PEC | $135,000
C. Service facilities 20-100 | 50 | 50%|PEC | $150,000
D. Yard Improvement 520 |15 PEC
Total Direct Costs (TDC) $1,005,000
1. Indirect costs (IDC)
A. Engineering & supervision 20-30 | 25 | 25%|TDC $0
B. Legal expenses 1-3 | 2 | 2%|FCI $0|H19*F15
C. Construction & contractor's fee 35-50 | 40 | 40%|FCI [ $402,000|H19"F16
D. Contingency 7-15 [ 10 | 10%|FCI $0[H19°F17
Total Indirect Costs $402,000!
(H12+H14)/(1-
|Il. Fixed Capital I (FCI)=DC+IDC 0.4-1 $2,093,751|sum(f15:f17))
[IV. Working Capital (WC) 10-20 | 15 | 15%|TCI $369,485
V. Total Capital | (TCI)=FCI+WC $2,463,236|H19/(1-F20)
Source: Peters, et al, Plant Design and Economics for Chemical Engineers (2003)
Harrison, etal., Science and Engineering (2003)
$20,554,000
$402,000

8,114,800
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Materials Cost me

&
Glucose $5-60 lkg $60 ‘\
salts s1 :
water S0
Description Range %| Used of
H3PO4 $1 Fixed Capital Inv (FCI) 2,500,000
Total Capital Inv (TCI) 110-120 | 115% FCI 2,875,000
NaOH 0, 500 . Manufacturing cost
A. Direct Production Costs [ 66 TPC
WF1 $o 1. Raw materials [ 10-80 TPC 500,000
H 2. Qperating labor 20-50 TPC 1,000,000
Ammonia 0’ 700 3. Direct supervisory labor | 10-20 15%|Op Labor 150,000
Air 0,000 4. Utities 130 | 15%|TPC 701,037
5. Maintenance and Repair |  2-10 6%]|FCI 150,000
EDTA $19 6. Operating supplies 1020 | 15%|Mainten, 22,500
) 7. Lab/QCont/QAssurance | 10-20 15%|Op Labor 22,500
Tris base $6 8. Patents and royalty 0-6 3%|TPC 140,387
- 9. Waste Disposal 1-20 1%|TPC 46,796
triton-x-100 $2 B. Fired Charges 10.20 Fel
1. Depreciation Depends | 10%]|FCI 250,000
Mr ETOH $3 2. Local taxes 1-4 2.5%|FCI 62,500
Urea $2 3. Insrance 041 | 07%|FCI 17,500
4. Rent 8-12 Value
CNBr $11 5. Financing 0-10 6%|TCI 172,500
. . C. Plant overhead 50-70 60%(Labor+Maint| 780,000
Formic acid $2 Total Manufacturing Cost 4,016,620
.. II. General Expense A
guani dine HCI $2 A. Administrative costs 20 15%]|Labor+Maint| 195,000
B. Distribution & selling 2-20 5%|TPC 233,979
Na20654 0’ 600 C. R&D 2-5 5%|TPC 233,979
Sodium sulfite 0,400 III. Total Product Cost (TPC) =TMC+Gen Exp 4,679,577|G29/(1-E2¢
. . ‘ Factor depending on TPC 29%
sodium chloride S1 Term not depending on TPC 3322500
Enzymes $500: 000 Source: Peters, et al, Plant Design and Economics for Chemical Engineers (2003)
Acetonitri | e $3 Harrison, etal., P Science and Eng 9 (2003)
Ammonium Acetat $15
Zinc chloride $12
total $500,139
$30,174,133
Laborers #
9 150000$
1 165005
SOilaalas
1500008 4415 sl giaed) [NCHOIEEE
dal< C*m lns3 +Q\Ja.a_\\+ols.aj|
1000000S $641,211 $1,000,000 =JsAaxl

£41808.55) i Amortisation | years

Oladbiaitdlae 4ela S $655,000 1
$345,000  $1,310,000 2
$1,965,000 NS
£ paa 44ls G\S-N‘
$986,211
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MEGBI-APP010218 The graph shows the kinetics of the penicillin
fermentation with Penicillium chrysogenum.

Glucose ————§3—8—1

feeding
Penicillin Recovery oo | fecding "t .
290
80 Penicillin
70
60
50

40
30
20
10
o

Biomass (g/liter), carbohydrate,
ammonia, penicillin (g/liter x 10)

20 40 60 80 100120 140
Fermentation time (h)

Figure 30-10 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.
—

Enzyme processesin the production of B-Lactam antibiotics
Penidillinsand chephalosporinsbelongto the dassof 3-lactam antibioticsthat are formed from
the common precursor tripeptide isopenicillin N. The B-lactam structure isformed by ring-closure
reactionsbetween Cysand Val,where(9-Valisisomerized to ( R)-Val. The B-lactam precursorsof
all penidillinsand cephal osporinsare produced by fermentation infermentorsof up 1000 m3.
The concentration of the productsinthe medium on completion of feLesprécurseursde 3-
lactame de touteslespénidillineset céphalosporines sont produits par fermentation dansdes
fermenteursjusqu'a1000 m3.
La concentration desproduitsdansle milieualafinde lafermentation qui prend entre cing et
sept jours, est jusqu'alO0 g/ Lde pénidllineet 20g/ Lde céphalosporineC.
http://slideplayer.com/slide/ 4214453/ Methods of industrial production

1m3=1000L
g/1000=Kg
Pemisilliviraand Fermenter for producing penicillin
sugar added ¥ 1ton=1000Kg
ek, - * il e e o) 5 0,4536 = 2 1 3154 [b
i ~ water out
| carbohydrates =
and amino & T
acids el fermenteur m3 penicillin g/l
e utr 1ts
~ A b b el 1000 100
T e
Jeaar teicoritiol 1,000,000 L 100,000,000 g
temperature
culture removed after

fermentation is complete

1,000 ——>100,000g - >100Kg
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Primary and Secondary Metabolites

Primary
metabolite

Alcohol, sugar, or cell number
Penicillin, sugar, or cell number

Penicillin —

Time Time
(a) Yeast Fermentation (b) Antibiotic Production:
e P. chrysogenum

Clicker Question:

rendement maximum de productionde penicilline
disponiblelorsquelaconcentration delactosseet cell de
liqueurede cornsteep danslemilieu de base ont été
ajustéea60Kg /m3

et 30kg/ m3 respectivement

https://translate.googl eusercontent.com/translate_c?dept
h=1&hl=fr&prev=search&rurl=translate.google.com&sl=en
&sp=mt4&u=https://healtheappointments.com/cdn-
cgi/l/email-
protection&xid=17259,15700021,15700105,15700124,157
00149,15700168,15700173,15700201& usg=ALkX hgdgW's
zdzncshWKpi IN8I Q8wQ6Q#0a63646c654a626f6b66 76626
f6b7a7a6563647e676f647€7924696567

Kg/m3
lactose 60
liqueure de cornsteep 30
H Volume S
1 1000L 1250
40 40000L 50000
200 tons /ans
penicilline costS
1Kg 5
1000Kg 5000
200tons 1000000

61

Fermentation medium In addition to physical parameters
likepH, agitation and aerationrate, air saturation,
temperature, dissolved GO2 and foaming, medium
compositionisaveryimportant factor stronglyinfluencing
fermentation processes, often being object of extensive
process development and optimization studies. Common
fermentation media for L-lysineproduction contain
various carbon and nitrogen sources, inorganicionsand
trace elements (Fe++, Mn++), amino acids, vitamins
(biotin, thiamine-HQA, Ni cothinamide) and numerous
complex organic compounds. An overexpression of genes
is also achieved by optimizngthe composition of the
media and the culture technique inadditionto

physiol ogical and genetic parameters .

CARBON SOURCE Mutants of Gorynebacterium and related
mi croorganisms enabletheinexpensive production of
amino acids fromcheap renewable carbon sources by
direct fermentation. Various carbohydrates are utilized
individually or as a mixturefor the production of L-lysine
such as glucose, fructose, sucrose, molasses (sucrose,
dlucose, fructose etc.), maltose, blackstrap molasses,
starch hydrolyzate (glucose, oligosaccharides), lactose,
maltose, starch and starch hydrolysates, cellulose,
cellulosehydrolysate, organic acids such as acetic acid,
propionicacid, benzoicacid, formic acid, malicacid, citric
acid and fumaricacid, alcoholssuch asethanol, propanol,
inositol and glycerol and certainly hydrocarbons, oilsand
fats such as soy bean oil, sunflower oil, groundnut oil and
coconut oil aswell asfatty acids such ase.g. palmiticacid,
stearicacid andlinoleic acid.

42 NITROGEN SOURCE Various sources of nitrogen are
utilized individually or as mixtures for the commercial and
pilot scal e production of L-lysine, includinginorganic
compounds such as gaseous and aqueous ammonia,
ammonium salts of inorganic or organicacidssuch as
ammonium sulfate, ammonium nitrate, ammonium
phosphate, ammonium chloride, ammoniumacetate and
ammonium carbonate. Alternatively, natural nitrogen
containingorganic materials like soybean-hydrol yzate,
soyprotein HA -hydrolyzate (total nitrogen of about 7%,
soybean meal, soybean cake hydrolysate, corn steep
liquor, casein hydrolysate, yeast extract, meat extract,
malt extract, urea, peptones and amino acids may also be
utilized.

43 INFLUENCE OF OXYGEN L-lysinefermentation isan
aerobic process demandinglargeamounts of oxygen and
stronglyinfluenced by the air saturationin bioreactor.
Lacticacidisformed as a byproduct under anaerobic
conditions, whichisreconsumed after the establishment
of aerobicconditions.

44 pH The pHisavery important factor strongly
influencing microbial fermentations. Basic compounds
such as sodium hydroxide, potassiumhydroxide,
ammonium hydroxide, calciumcarbonate, urea,ammonia
and gaseous ammonia, or inorganic acid compounds such
as phosphoricor sulfuricacid and organicacids are utilized



Rotary Vacuum Filter the capacity of avacuum rotory drum filter varies fromabout 200 to

2,000 Lb.of dry concentrate per square foot of filteringsurface per
www.911metallurgist.com/blog/rotary-drum-filter | 24 hoursaccording to the nature of the materiel and the amount of
waterthat it contains.For the puprosesof rough calculationit isusua
to assume a capacity of 1000lb .Per square foot, although thisfigure
isgenerally exceeded under conditionsthe moisturecake normally
rangesfrom8to 12%.

kg Ib (ponde)
0.4536 1
90.72 200
907.2L 907.2 2000
5 Rotory vacuum

$248400  41S agl) dldall 200t
$806,451.82 YYIALIS 2l sal
$1,054,852 total

150,000 Aila

$248,400 Jlac

$45 ,000 ela S
$443,400 total
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2.9.1.1 Materials
Offer from Jawdat AlKatibe

RC.TRADI NG
T V.A Reg No.1 166492-601
Tel: 961 3 888 809 Fax: 00961 7 739333

E maultjawdalkhalibeo@gman.com
labequipmenn@gmail.com
Medical Sales Representalive

Jawdat Al Khatib M.BS.
phone 00961 70916173 usD CURRENCY

Vat
Qty %o

1| s35 | 1! $35

Amount

I

Description

ltem #

e

Sodium Chioride CP 99.5% 1Kg - stock Fisher

1| s40 | I} $40

2|Casein Alkali soluble 96% 500g -8 weeks

3|Potassium Chioride Purified 99% 500g KCI 1| $79 $79

4 Sodium Phosphate dibasic anhydrous AR 99% - Stock Himedia | sso | 1 $50
1| $60 $60

s|Potassium Phosphate monobasic 99% 5009 -

6|Lysozyme 1g from egg white lyoph. -8 weeks 1| ss0 | 1 $80

J|RPMI 1640 wiglutamin wio Bicarbonate SOL -8 weeks 1| s130 $130

<|L-Glutamine 99% Certified 25g -8 weeks i| s40 [ 11| 49

s|2-Mercaptoethanol 100mi - )| se0 | 11| s60

10|Sodium Bicarbonate EP 5009 99.5% )| sso || sso

11{Chioroform Normapure 2.5L - Stock i| sso | | sso
12|Trypan Blue Prac. gr. 25g - Stock 1| seo i - ;90'1

B 0

ferlg
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=23{Zinc Sullale 7H20 99% Purified 500g | i
= 2|Copper Il Sulfate 5H20 EP 500g 18250 1510825
— |Protose BE (Beef extract powder) 5009 [ $120 ( 11 $120
= 20{Ammonium Persulfate EP 9% 500 I[ 520 (11| $20
= 2(Parafilm 4'x38 meter 125Ft ] 838 [11] $38
- |Ethyl acetate AR 2.5L [1 560 | 11 [ S$60
« 2|Phosphate Buffer Saline PH 7.2 100g PBS I[ 850 | 11| $50
30} Chloroform Normapure 2,51 {880 11 ] $80
. 31Coton Blue Lactophenol 100m| I S50 11| 8§50

Offer from Bourhan Kabbara

Ampicillin Pilot Plans

ID costS
500g 24
Peptone 500g 56
NaNo3 500g 32
Na2HPO4 500g 25
MgS047H20 500g 18
FeSO47H20 500g 20
Sucrose 500g 18
ZnSO47H20 500g 20
CuS0O45H20 500g 18
(NH4)2s04 500g 30
Sodium acetate 500g 22
Ethyl acetate 25L 60
Sodium acetate 500g 22
Chloroform 2.5L 75
Lacto phenol cotton blue stain 100ml 46
Titriplex 250g 25
total 531

K2HPO4 (dibasic)
yest extract

CaCo3

Corn steep liquor
Beef extract
Na2s04
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(Basics) wluwlal 3

3.1 Torque at Stepper Motors and Servos

Wenn man an den Zeiger einer Turmuhr in der Stellung auf 3 Uhr ein Gewicht von 10 kg héngt, wirkt auf
die Achse ein Drehmoment von 100 Nm (also 10000 Ncm). Ein Getriebemotor mit 100 Nem konnte

beispielsweise bei einem Hebel von 1 cm (an der Achse) noch 10 kg heben.

Xl

Vi

3.1.1 Product Example (from www.cnclablb.com)

Metal Gear Servo
TowerPro MG995

Servo - 9kg
Price : 8%

Serial number
ACTO0005

Description:

Modulation: Digital

Torque: 4.8V: 130.54 0z-in (9.40 kg-cm) 6.0V: 152.76 oz-in (11.00 kg-cm)
Speed: 4.8V: 0.20 sec/60° 6.0V: 0.16 sec/60°

Weight: 1.94 0z (55.0 g)

Dimensions:Length:1.60 in (40.7 mm)

Width:0.78 in (19.7 mm)

Height:1.69 in (42.9 mm)
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http://rn-wissen.de/wiki/index.php?title=Datei:Kirchturmuhr_150dpi.jpeg

3.2 Chemical Process Simulation with COCO?
3.2.1 How to add new compounds with COCO
% Steps:

1- Open PCD manager

MWEd9-0=
Home | Insert  Pagelayout  References  Mailings  Review  View @
= Cu - i L Em Al . . 4 Find -
_E Calibri(Body) 11~ A" A" | Aa” [ 12 T | aapocenc| asgoceoc AaBbCi AaBbce AADB aasbec acencen % o, Replace
B3 cop Y
Pﬂ_itﬁ  Format Painter B I U -abe x. X A TNormal |17 MoSpaci.. Heading1 Heading2 Title Subtitle  Subtle Em.. — EETQS"f i Select~
Clipboard G Eant sl 5| Editing
() ChemSep PCDmanager - glucose.pcd - O X &
File Edit Tools Help a
Information: [PCD lbraty generated o 3/3/2017 310643 PM by user
CempEriis () dlucoss [206207403]
Companent | Citical | Molecular | T Conelations | Group Data | 05 | Miscellaneous | Log |
Key [Value
1 Name glucose
Index 15662
1-9 A5 number NOE7-423
SMILES OCC10C(0)0I0)CME0
Stucture CEH1206
Molecular weight (ka/kmel] 186,110
Family
Formula
£ X Remove
i Add New
Search
-not matched 4
:‘v ES
o
D:Anew compaundshglucose.ped [READ-DNLY] [286207403] :
4 [ [T >
Dot b1 | Winsrce | % Frcticn nic1 | Elrmm == 1em (o r v

2- Press Add New

3- Enter compound’s information
4- Save as in a file in local disk D
5- Open coco program

6- Press sittings(left) then press new

2 Razan Kalawoun
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@ COFE - [Flowshet1] - X

B File Edit Insert Flowsheet Plot View Add-ins Window Help - g x
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= Document Explorer | G Watch

7-Select tea

@ COFE- [Flowsheet1] - X
File Edit Insert Flowsheet Plot View Add-ins  Window Help -8 x
DEEdE =B 4 b @ ceau AP 14 SE AR 5682

:
‘ Flowsheet1
i [@] Flowsheet e I I
i.dig Settings Flowsheet configuration: X
Sweamtypes | FlowsheetOptions |  Appearance | Steamerder | Unit Operation order
Property packages 8 Select Package or P o w sties | Phasslnfo
- Therma-systems and prop)
Shaw:  [CAPE-DPEN 11 Add
8 ChemSep Property Package Manager Femove
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M
< >
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8-Then press new

68



@ COFE - [Flowsheet1]
B File Edit Insert Flowsheet Plot View Add-ins Window Help
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9-Press add

@ COFE - [Flowsheet1]
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Delete
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x
-
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10-press browse (right)
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11-choose the compound you add it

3.3 Detailed Semi-synthetic Penicillin production steps and technologies®

3.3.1 General Process of Penicillin Production
15. Culture methods © The fungus can be cultured in two methods ,namely Surface culture method

Submerged culture method

16. Surface culture method o In surface culture method ,the fungus is cultured on the surface of a liquid
medium without agitation. © After an appropriate incubation period ,the penicillin is extracted from the

medium . @ This is an old method .

AR o) 2 o T o 16 2 A A e et Tl (05, 6 il Sy sl S 0
13 5, 0 Aan giall (e 7 A Cpluil) leill Anulia Zilias 358 2my, @ Jladil () 93 Aaw gie Jilud) mhase 535 Cadfiall ga lad 48 )k

il L)
17. Submerged culture method o In submerged culture method ,the fungus is grow in a liquid medium
which is vigorously aerated and agitated. ® After an appropriate incubation period ,the penicillin is

separated from the medium . @ Today penicillin is produced by the submerged method .

18. Production process medium fermentation centrifugation filtration Solvent extraction precipitation

crystallization

FERMENTATION e It is done in a fed-batch mode as glucose must not be added in high amounts at the
beginning of growth (which will result in low yield of penicillin production as excessive glucose inhibit
penicillin production). ® The fermentation conditions for the Penicillium mold, usually requires
temperatures at 20-24°C while pH conditions are kept at 6.5 ® The pressure in the bioreactor is much higher
than the atmospheric pressure (1.02atm). This is to prevent contamination from occurring as it prevents
external contaminants from entering. ® It is necessary to mix the culture evenly throughout the culture

medium. Fungal cells are able to handle rotation speed of around 200 rpm.

3 Fatima Antar
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19. Media formulation © Ph6.5 © Temperature 20-24c @ Oxygen o Nitrogen (corn steep liquor 8.5%) o

Glucose 1% (preferred for penicillium notatum) © 80% ethanol @ Phenyl acetic acid © Probenecid

20. @ Lactose 1% o Calcium carbonate 1% o Sodium hydrogen phosphate 0.4% o Antifoaming agent :
Vegetable oil
Laulie Wlias 3 58 aay 0 W o005 558 ddasd o)) gerated Jill 8 saii b AEN 8 GE Lk A6k jee 8 W& o a7,
B savall 42 (Al Cpluid) a5l © Jaws sl (ge Al seade Cpluid) lgall
19 55k JUae¥) Jshan Jaws gia dghal cupde 30U jeddll #LiY1 4lac 18,

%1 JsSslall %8.5 seall o Llasi¥l ) S) Gaa g Al g (el © #24-20 3, all Ph6.5 0 o hilusll 0 delua #) a5l
o @ Probenecid Js& o notatum penicillium) 80% Jwad:)

© © o332 all Clins 5 %1 %1 psandlSll s S0 (i slally 55, © 20 men 25268 e Al g0 Al s O Caniia
il G 3l :diee Antifoaming 0.4% G soxed

21. Heat sterilization @121 degree celcius at 30 psi (pounds per square inch). oFor high temperature short

time for sterilization is used to minimize the degradation of certain components of media.

22. FERMENTATION o Usually done by fed-batch mode @ High amount of glucose result in low yield of
Penicillin. @ Temperature : 20 to 24 c © pH : 6.0 to 6.5 units © Pressure : 1.02 atmosphere (higher than
atmospheric pressure to prevent contamination )
23. Fermentation: ® Sparging of air provided for providing sufficient oxygen required for cell viability.
IMPELLER: eRotor used to increase the pressure and flow of fluid. ® Used to mix culture throughout the
medium ¢ Fungal cells are hardy ® Hence handled at rotation speed around 200rpm FERMENTORS
24. SEED CULTURE: o First done in lab by adding penicillium spores to the liquid medium. o After growth
, inoculated into the fermentor. o In some cases spores are directly inoculated into the fermentor. Spore:
produced during stress condition
Jale] agatl) 3y mFor Adlle 5 )y Aa )0 (A e a0 JS1 Jha ) Ay e dea 0 JS1 ) 121 30 piadl] A 53l Aa 38 ) yall,
V0 pH: 6.0z 02420 3ol ds py aluddl e i ) 5255 5 S lall (e Jle a8y adaiiie (Sla @ oo lixall § y2edi2D,
o 85 Lo gl 4y all Gl Sparging: ¥ pedd 23 (sl adal s gall baaiall e el § (5> 1.02 1 brall Glasy 6.5
* Ao e (AN e aladdn) * B (3835 Jamaall 8ol 3 padiud g * AAadl) (ald el e Al o W) cpanS )
A8laly Jandl) 8 Y ) 0 A8 5 004 FERMENTORS A&l 8 441 200 M s o) s Lhiadlae o3 (g * (53 )la 4y yhadll LA
penicillium
25. FILTERATION: o Rotary vaccum filter is used for large scale production. ® To remove biomass such as
fungus, other impurities from the medium. ePhosphoric acid is added pH become 8.5 oThis can leads to

the loss of penicillin activity. eThus pH is maintained at 6.0 to 6.5. ROTARY VACCUM FILTER
26. Addition of solvents : © AMYL ACETATE or BUTYL ACETATE is added to dissolve penicillin in

filtrate. @ Now, penicillin is present in the form of solution. @ Other solids are considered as wastes.

27. CENTRIFUGAL EXTRACTION: e Tubular bowl or chamber bowl centrifuge is used. © To separate solid
waste from liquid component which contains the penicillin. © Supernatent is transferred to downstream

process.
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28. EXTRACTION PENICILLIN + ACETATE SOLUTION 1.Phosphate buffer 2.Chloroform solution
3.Again phosphate buffer 4.Ether solution Mixed with

29. @ Penicillin is present in high concentration in ether solution ETHER SOLUTION CONTAINING
PENICILLIN Mixed with SODIUM BICARBONATE Penicillin sodium salt BASKET CENTRIFUGATION
oSolids are easily removed by basket centrifugation. ePenicillin salt is in stable powdered form at room

temperature . Basket centrifuge

30. Fluid bed drying: © To remove the moisture present in the penicillin salt. ® Hot gas is pumped from the
base of the chamber. ® Powdered salt is contained in a vaccum chamber. © Results in dried form of
penicillin.

31. Storage: oStored in containers in dried environment. ©Then packaged into eLiquid penicillin ePenicillin
in pills

32. process © Medium (corn steep liquor lactose starter culture Yeast extract (penicillium) pHbuffers

minerals ) batch fermenter (10 times in 6 days to remove 30% culture add 30% fresh medium )

33. rotating filter filtrate fungal cells Dissolve in butyl acetate animal feed Potassium ions added to

Precipitate salt of penicillin Wash, filter and dry 99.55% pure penicillin

25. © FILTERATION: Gaill dauls da’ dale Jomy 5 (usSan el g sbpgSll aodiug Hloall 0 Jie 4y 5al) Al A1 5Y
Uaes Alal ot dasu gl (g )58l 5 s e 5 <l kil @Phosphoric pH oThis ol ()i ) a5 o (Sar 8.5 ganss
LU, oThus pH Sludal bl ddai dale dary 5 (nsSae el ob S 26 )15 6.5 M 6.0 le: AMYL o <3
ol danald JLus 8 cpluadl da () (A Galia ) A Jilidl (35 e Jadul 5 U jabia ) 0 Ldadl JSG (8 galusdl Y
s AY) Alall 3 gall @ i) i,

27. Sl 25kl 5 eal 0 S all 2kl e aading s Al Ay sl cle 5 ol sle o) 1zl Aiul 0 (e Aaslill dlaal) el Juad
Ji cpleidl e (5 giay 3 Bl juaie Supernatent o el

28. Cldu gill o 55 sl daa 3 Jall 2 il ¢ Al AU Gabia) O3A @lind ] da + Cplaull 7] A

29. 0 a s sall mlal Galudall o 50 gaaall Dl 0 S a5 e Galaiall Gy (A Jadl HEY) VL da 3 Al & S 5 G Gl
oSolids gall 33Ul Alu A s Ll 31 33Ul Alu oPenicillin 2 s 4w 3 yhll 30 A8 jall 5 ) s dx ja die 5 jfiue Caiaddl Ko
dmrs kel bl 83 53 sall sl A1 Caudadl il o Cainall lal) 3 saall s3clE (e Rl Gl 0 eleSH L
U dexy 5 (e sSa o) s 0 (i) JSG Cadadll,

31. ¢ Adll: oStored risall (& Ghds (8 oLiquid ©Then oPenicillin iee (& cpluidl Qign (8032 - () 58) Ao gla
Oflall s 5 fSOU) ol edl) 44 starter penicillium domall aliius pHbuffers (<) e 10) ( Gleall jpedd Slea (Aadall
ANNCREREN

dan gie dolee (0 Osislally S jedldl Hlasi¥) 5305 3 )0 starter penicillium 3l aldiue 48E) pHbuffers ( (4284
33 ((Adams sia 3 %30 Adlual AN %30 A1 Y 2L 6 JA D je 10) ((oaleall jedd lea
Gl el 84 b Jadul (g e AU paba) @OA da bl lauds Jlas 4 4y k) LJA)) ddeas g5 -
Ol (ana 58 999,55 A Calall Casdailll 5 uidlal) Jsse Gplusial) mle Jal () 2 sl 5l
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3.3.2 Inoculum Development

- The preparation of a population of microorganisms from a dormant stock culture to an active state of
growth that is suitable for inoculation inthe final production stage is called inoculum development. As a
first step in inoculum development, inoculumis taken from a working stock culture to initiate growth in a
suitable liquid medium.Bacterial vegetative cells and spores are suspended, usually, in sterile tap water,
which is then added to thebroth. In case of nonsporulating fungi and actinomycetes the hyphae are
fragmented and then transferredto the broth.Inoculum development is generally done using flask cultures;
flasks of 50 ml to 12 litres may be used andtheir number can be increased as per need. Where needed,
small fermenters may be used.Inoculum development is Inoculum

C e kil Cels 2 Al Al pal) ol ) paill Al Alla ) A agal) A G A jenall IS G Sac)
inoculum 4wl & Jo 34haSs Zuill jnoculum inoculumis bl caulie JS& sl cad AN e Uy s
medium.l) 4¥lal J8 e afie Jan (8 dale Adle Slall WIAN A Kl o) sl thebroth, <bkdll Al
nonsporulating hyphae & 31 4eladll & kil transferredto Inoculum aladiuly Lasee dpesll Asbl) flagk
Lealadind (S ) A 12 A Je 50 (e n)) ;& andtheir 8 e aladiul (S 35 pall die Aalall cova 202l 304 ) (S
8 paall jaediTnoculum dzeil

3.3.3 Solid StateFermentation

- In such fermentations,microbial growth and product formation occur at the surface of solid substrates.
Examples of suchfermentations are mushroom cultivation, mold ripened cheeses, starter cultures, etc. More
recently, thisapproach has been used for the production of extracellular enzymes, certain valuable
chemicals, fungaltoxins, and fungal spores (used for biotransformation).Traditional substrates are several
agricultural products, rice, wheat, maize, soybean, etc. The substrateprovides a rich and complex source of
nutrients, which mayor may not need to be supplemented.Such substrates selectively support mycelial
organisms, which can grow at high nutrient concentrations andproduce a variety of extracellular enzymes,

e.g., a large number of filamentous fungi, and

- StateFermentation 4Ll (15 .5 8 JS&S mhaw b il 2l jall Gliaiie)dl jaeddll 5 4lall suchfermentations kil
Cdls a3 Gl 4 5 starter CUEN thisapproach Y Caweadiul | A ses &l extracellular 4kl sall 5 Cilay 531
4edll fungaltoxins 4kl Cle sl 5 Aima (biotransformation ,zedlly | 5o¥1s Aael )3l cladiall 2 sl (<l IS
& Lsall sy el jtall 3,01 substrateprovides QLS ol JS ) JlaS) ) zUa3 Y 08 Baee ilbdaall (e BMaa g dyie
myecelial 4dle &l 38 5 A sali ) (S ) aeall 4360 extracellular andproduce ,dball daws (e Cilay 1Y) (e de gana
Gkl geda g o lal) iy 8 WA g e ) yaS aae)
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3.3.4 Method of Penicillin Production in Submerged Culture on a Pilot-Plant Scale

BY J.J. GORDON, E. GRENFELL, E. KNOWLES, B. J. LEGGE, R. C. A. McALLISTER AND T. WHITE The
Research Laboratories, John Wyeth and Bro. Ltd., London

SUMMARY: This paper gives details of a 50 gal. fermentation vessel designed for investigating the
formation of antibiotics (or other metabolic products) by micro- organisms grown in submerged culture.
This vessel has been used for investigating the submerged culture production of penicillin by Penicillium
chrysogenum X 1612 and Q176, and certain results relating to the size of the inoculum and the yields
obtainable from these strains in synthetic and other media have been obtained. Culture fluids containing

from 400 to 500 Oxford units penicillin/ml. have been obtained

s Ui e 44 Pilot-Plant b sexall &pe ClS il byl 7L 44y )k

S Ltd., Sus s 0 S dalae cly O ES jlay JidlSle ) L) st )l S8z o Ve 0 2 2,
ol

(¥ Cladie ) 4y gl Claliaall JSE5 juedd 38a0ll Lapad desas didu (e 50 Jualdi 485l LSUMNARY:
bl Glsiia #W) Penicillium 8@ 5 ) sarall (3a8ail] Abanl sdd Cheddiu) a8, AAE yee 8 g Addal sy
S el VL) 238 (e Lgile Jsandl Sy 353 50 5 inoculum paas Adalall 2 ar schrysogenum X 1612 Q(176),
Ledle Jsandl ildle/pluill 5 ) i) Slaa 5 500 ) 400 o e e s siad (Al J3) saadl A8ED . Sle V) dailu g (e la g

with cultures of Q176 in a corn-steep liquor medium. A method of extracting penicillin from the broth has
been worked out, based on solvent transfer, the method being applicable on virtually any scale of operation
and involving only relatively simple equipment. It has the advantage of reducing the time of contact of
penicillin with acid to such a degree that extraction at room temperature is possible, although extraction at
still lower temperatures improves the yield. Using this method of extraction we have obtained calcium
penicillin with a potency of 940 Oxford unitslmg., the overall recovery from the broth being of the order of
35-50%.

S e Q 176 SV 1okl Canmg 28 Aaghall (po il 1Akl 36 5l Ao gl il pdall Adagsl) lasiV) syl 5 M)
cabea¥ s bl sl iy O 5 e 4] s A e Jai ) fuleall s ) o Jidlly alaty il 4y 5k
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3.3.4.1 EXPERIMENTAL Methods and equipment

Analytical methods The course of each fementation was followed by periodic determinations of pH
(electrometrically) ; sugar utilization (method of Schaffer & Hartman, 1920) ; ammonia content (micro-
Kjedahl) ; and penicillin content (Grenfell et al. 1947). Other features could, of course, have been followed.
Over a period of time, however, it was found that changes in the above constituents constituted the data of
greatest significance and that from consideration of pH, sugar, and ammonia values it was normally
possible to predict whether or not a fermentation was proceeding satisfactorily, and the time at which the
culture fluid should be processed to obtain the best yield of penicillin. These two aspects are naturally of
importance for production.

Aoyt Glara g culll

e ) 5 JS Aldail) culluY! fementation o sall &l ))_8 electrometrically pH) 4 k) alasiul) jSull Schaffer & ,olai e
Lise¥! ; (1920 Kjedahl e g o 38l (Sa 5 A1 &l aa (1947 0055805 i) (5 sinall ulusidl ; (5 psiaall) (5 sinal
Bl e ) oSl Apan Y1l i) J25 i S 8 il O i A a0l (e 58 520 pHL ail L g1 Sl
dle Jusdl Sl Jpmnll Aniad) B Jile 05 o i ) GBSl (me sai Glo e sl sae sl (Se sile
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3.3.4.2 Culture media
Synthetic media No. 22A. This medium was developed for use in penicillin production by the Pennsylvania
State University group of workers (un- published). The composition is: lactose B.P., 15 g.; glucose B.B., 5 g.;
acetic acid (glacial), 4 g.; NH4NO,, 5 g.; KNO,, 3.5 g.; KH,P04, 2 g.; MgS0O4,7&0, 0.5 g.; FeS0,,7H20, 0-2 g.;
ZnS04,7H,0, 0.04 g.; CuS0,,5H20, 0.005 g.; phenylacetamide, 0.25 g.; water to 1 1. Corn-steep liquor medium.
The composition of this medium is : corn-steep liquor (Stahley no. 14), 30 ml.; lactose B.P., 40 g.; CaCO,, 10
g.; phenylacet- amide, 0.25 g. ; water to 1 1. Antifoam (300 ml1./200 1. medium) is added before sterilization,
Lilalsty £3Y 5 daals (o Sl il L1 8 Lgaladin cinaiul ) Al gl oda Call 22 o8 delihaall e il
sanall 35360 g0 5 el ol 35Sslall 1) 5 BUP, 15 ) 558 Jand ate 1SS (5 sdiie 3l aadl Aadl Jlaall (o e sana
oY) a5l asi ) oa(; KNO, 3.5 g; KH,P04 2 g; MgS04,7&0 0.5 3( 5 5, NH4ANO, Lulall ¢ 4) 55530 )l
.1 oLll; CuS0,5H20, 0.005 g; phenylacetamide, 0.25 g; &lu¢ H,0, 0.04 ¢ 23l Jysail ;04,7) FeS0(7H20, 0-2 )
- oL HASOU deat aae (e 30 (14 &) s sedll Stahley 3,3 (Al gll oda (€5 Aaufia jedll HlasiV) Glaas & 5555
il J8 (Jaw5ie - 1 200/dk. Antifoam (300 1 okl ; .ol 2 0.25 24l g; phenylacet- 5458 ;10 5 ,)5( 40 dsduall

3.3.4.3 Submerged-culture

methods for P. chrysogenum 193 then connected by rubber tubing to the air filter tube of the aspirator and
the latter clamped in an inverted position above the fermenter. The fermenter pressure was then lowered to
2 lb. by operating the air exit valve, the inocula- tion valve opened, and air at 30 Ib. pressure passed from
the branch air line into the aspirator, thus forcing the inoculum into the fermenter. On completion of this
process the air passing into the aspirator was turned off, the inoculation nozzle valve closed, and the

aspirator disconnected from the nozzle. The nozzle cap was then refitted and steam turned on at the nozzle
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steam line to resterilize the system from the valve seating upwards. The fermenter pressure was finally
readjusted to 5-10 Ib

& oY) Laadll Glea Gl e (e slsedl il Ayl e dpkUas (il chrysogenum Jisa s & 193 (e 48 3kl & e
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s
A previously sterilized aspirator assembly containing antifoam was then attached to the nozzle and
additions of antifoam made when required by the same technique, except that the assembly was left

attached to the fermenter throughout the run.

Aa Ll VA 3ed3 Sl e S dumaall o) Y1 sl

For centuries, the Irish peasants treated themselves with a miraculous preparation of which they had the
secret. A few curious comrade scientists have investigated and discovered the miraculous active principle:
penicillin ! Impure and small in quantity, certainly, but enough to cure wounds likely to become infected
and end in gangrene .
5 yamall Ahaiil) lase (o) 3Eatll elabell Gl AL Vpmd ) (g dlae) Lsacls aeasdil il Y1 Alalaa ua Sl a sl
e b (s l) Ao laall (i (o5 ks bomnall 330 5l el o Jinall (e 80 | 2SULy AL ey 63 5 5 e [ slastl
Lened
To make this "medicine", the Irish spread a piece of bread with butter and left it to rest for a fortnight in a

warm and humid place.
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We did this experiment again to make penicillin ourselves, as the Irish did.
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Beginning of the experiment: January 6, 2009

Beginning of the mold: January 18,
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3.3.5 What is penicillin?

Penicillin is an antibiotic of the beta-lactam family that originated from the mold of a fungus: Penicillium
Notatum . We now know that penicillin has the formula C9H11N204S --- R.

During mold: February 4, 2009
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During mold: February 21, 2009

After a fortnight, we saw a greenish mold that is nothing other than penicillin. But we left it longer than
expected because our growing medium should not be hot enough or wet enough. It is then sufficient to

recover the mold and mix it with water to obtain the preparation of the Irish.
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Production medium Inoculum development

Production fermentation
(a fed-batch process)

Broth clarification

e.g. rotary vacuum filtration
1

Washed mycelium

Solvent extraction of cell-free broth
e.g. amyl acetate

Extract purification
e.g. activated charcoal treatment and filtration

Crystallization of antibiotic
e.g. addition of sodium acetate

Recovery of penicillin crystals
e.g. filtration

Crystal washing
e.g. anhydrous ethanol wash and filtration

Crystal drying
e.g. vacuum tray drier

Penicillin acylase treatment and the
addition of a 'new’ side chain

Natural penicillin Semi-synthetic penicillin

Fig. 11.1 Producrion of penicillin.

cillin production, including glucose, lactose, sucrose,
ethanol and vegetable oils. About 65% of the carbon
source is metabolized for cellular maintenance, 25% for
growth and 10% for penicillin production. In the past, a
mixture of glucose and lactose was used, the former pro-
ducing good growth, but poor penicillin yields, whereas
the latter had the opposite effect. The mode of ‘feeding’
of a particular carbon source is vitally important, as it
can influence the production of this secondary metabo-
lite (see Chapter 3, Secondary metabolism). Corn steep
liquor is still used as a source of nitrogen, additional
nutrients and side-chain precursors. Its acidic nature
creates a requirement for calcium carbonate (1%, w/v)
and a phosphate buffer to neutralize the medium, there-
by optimizing its pH for penicillin production. Ammo-
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nia, mineral salts and specific side-chain precursors,
e.g. phenyl acetic acid or phenoxyacetic acid, may
also be added. However, as some precursors are toxic,
they must be fed continuously at non-inhibitory
concentrations.

Inoculum development is usually initiated by adding
lyophilized spores to a small fermenter at a concentra-
tion of 5

¥

10

3

spores/ml. Fungal mycelium may then be

grown up through one or two further stages until there
is sufficient to inoculate the production fermenter. Ini-
tially, there is a vegetative growth phase devoted to the
development of biomass, which doubles every 6 h. This
high growth rate is maintained for the first 2 days. To
ensure an optimum yield of penicillin in the following
production phase, the mycelium must develop as loose
pellets, rather than compact forms. During the follow-
ing production phase, the carbon source is fed at a low
rate and penicillin production increases. This continues
for a further 6-8 days, provided that appropriate sub-
strate feeds are maintained.

Penicillin is excreted into the medium and is recovered
at the end of fermentation. Whole broth extraction
may be performed, but can lead to downstream pro-
cessing problems, as additional materials leach from
the mycelium. Usually, penicillin recovery follows re-
moval of mycelium using rotary vacuum filters, the effi-
ciency of which may be affected by the culture media
composition, particularly its proteinaceous compo-
nents. Recovered mycelium is then washed to remove

residual penicillin, prior to its use as animal feed or
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fertilizer.

Antibiotic recovery is often by solvent extraction of

the cell-free medium, which gives yields of up to 90%.
This involves reducing the pH of the filtered medium to
2.0-2.5 by addition of sulphuric or phosphoric acid, fol-
lowed by a rapid two-stage continuous countercurrent
extraction at 0-3°C using amyl acetate, butyl acetate or
methyl isobutyl ketone. The low temperature is neces-
sary to reduce damage to penicillin due to the low pH.
Alternatively, ion-pair extraction may be used at pH
5-7, in which range penicillin is stable. Any pigments
and trace impurities are removed by treating with acti-
vated charcoal. The penicillin is then retrieved from the
solvent by addition of sodium or potassium acetate.
This reduces the solubility of the penicillin and it
precipitates as a sodium or potassium salt. Resultant
penicillin crystals are separated by rotary vacuum filtra-
tion. Solvent is recovered from the separated liquor and
any other materials used, such as the charcoal, which is
very important in terms of the overall economics of the
process. Penicillin crystals are mixed with a volatile
solvent, usually anhydrous ethanol, butanol or iso-
propanol, to remove further impurities. The crystals are
collected by filtration and air dried. At this stage the
penicillin is 99.5% pure. This product may be further
processed to form a pharmaceutical grade product or is

used in the production of semisynthetic penicillins.
Industrial Microbiology:

An Introduction

http://biol473.weebly.com/uploads/3/8/3/1/38316473/industrial_microbiology_an_introduction.pdf
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3.3.6 But how do you make penicillin today?

|
H H
R Ma = =
TR e
o
0 G{,/C—N_H_CHf NCH;
"COOH

Lewis formula of penicillin
It is composed of two parts:

- Natural penicillin, or penicilloic acid, of formula C8H11N20O3S, corresponding to the fermentation of the

fungus.

- The variable radical, of formula R, representing the different proteins that can be grafted synthetically to

natural penicillin.

It can be decomposed into several subparts when it is in the form of penicillin: a thiazolidine ring acole at a

beta-lactam ring, a carboxylic acid of formula COOH and an amide function of formula CONH.

noyau beta-lactame

fonction amide

(CONH) noyau theazoldine

radical R (élément

variable en fonction des

différentes pénicilines) acide carboxyhogue
(COOH)

B. The manufacture of yesterday

It all started on September 4, 1928 when Alexander Fleming, a Scottish doctor, accidentally discovered that
a fungus named Penicillium Notatum could inhibit the growth of bacteria such as staphylococcus . He will
call it "penicillin".

At that time the manufacture of penicillin is based on Fleming's original experience. This method of
preparation of the first antibiotic could constitute the scheme of a universal manufacture. In fact, the
manufacture of various antibiotics, modeled on that of penicillin, contains three main phases:

The preparation and preservation of the antibiotic-producing microorganism strain,
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- His culture,
- The extraction of the antibiotic products of its metabolism.

The strain consists of a microorganism, usually a fungus but sometimes a bacterium. It is most often a
suitable variety with the best yield, obtained from the most diverse environments, suitably purified and

mutated, and kept away from contamination.
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Penicillium Notatum Penicillium Notatum seen under a microscope

The microorganisms constituting the strain are then inoculated in a nutrient medium. The first methods
used employed solid nutrient media distributed in thin layers in suitable containers, such as a box of
ruddy, maintained at a suitable temperature, about 20 ° C, in drying ovens. After a few days, an abundant
fruiting of the mold is obtained, which is separated from the support medium. The latter, which contains

the products of the Penicillium metabolism, is then treated for the extraction of the antibiotic.
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3.3.7 Fed-batch culture

— lj Fed-batch culture is, in the broadest sense, defined as an operational technique in

biotechnological processes where one or more nutrients (substrates) are fed (supplied) to

the bioreactor during cultivation and in which the product(s) remain in the bioreactor until
the end of the run.[1] An alternative description of the method is that of a culture in which

"a base medium supports initial cell culture and a feed medium is added to prevent

nutrient depletion".[2] It is also a type of semi-batch culture.

In some cases, all the nutrients are fed into the bioreactor. The advantage of the fed-batch culture is that one
can control concentration of fed-substrate in the culture liquid at arbitrarily desired levels (in many cases,

at low levels).
Generally speaking, fed-batch culture is superior to conventional batch culture when controlling

concentrations of a nutrient (or nutrients) affect the yield or productivity of the desired metabolite.
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3.3.8 Fermentation

Fermentation for penicillin is usually done in the fed-batch mode as glucose must not be added in high
amounts at the beginning of growth which will result in low yield of penicillin production as excessive
glucose inhibit penicillin production. In addition to that, penicillin is a secondary metabolite of the fungus,
therefore, the fed-batch mode is ideal for such products as it allows the high production of penicillin. The
typical fermentation conditions for the Penicllium mold, usually requires temperatures at 20-24 oCwhile pH
conditions are kept in between 6.0 to 6.5. The pressure in the bioreactor is usually much higher than the
atmospheric pressure(1.02atm) this is to prevent contamination from occurring as it prevents external
contaminants from entering. Sparging of air bubbles is necessary to provide sufficient oxygen the viability
of the fungus. Depending on the volume of medium, for 2 cubic metres of culture, the sparging rate should
be about 2.5 cubic metres per minute. The impeller is necessary to mix the culture evenly throughout the

culture medium, fungal cells are much hardy and they are able to handle rotation speed of around 200rpm.
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3.3.9 Seed culture
Like any other scale up process, usually the seed culture is developed first in the lab by the addition of
Penicillium spores into a liquid medium. When it has grown to the acceptable amount, it will be inoculated

into the fermenter. In some cases,the spores are directly inoculated into the fermenter.

3.3.10 Removal of biomass

Filtration is necessary at this point of the bioprocess flow, as bioseparation is required to remove the
biomass from the culture such as the fungus and other impurities away from the medium which contains
the penicillin product. There are many types of filtration methods available today, however, the Rotary
vacuum filter is commonly employed as it able to run in continuous mode in any large scale operations.
Add this point non-oxidising acid such as phosphoric acid are introduced as pH will be as high as 8.5. In

order to prevent loss of activity of penicillin, the pH of the extraction should be maintained at 6.0-6.5

3.3.11 Adding of solvent

In order to dissolve the penicillin present in the filtrate, organic solvents such as amyl acetate or butyl
acetate are use as they dissolve penicillin much better than water at physiological pH. At this point,

penicillin is present in the solution and any other solids will be considered as waste.

3.3.12 Materials

3.3.12.1 Amyl acetate

Amyl acetate (pentyl acetate) is an organic compound and an ester with the chemical formula
CH3COO[CH2]4CH3 and the molecular weight 130.19 g/mol. It has a scent similar to bananas[3] and
apples.[4] The compound is the condensation product of acetic acid and 1-pentanol. However, esters
formed from other pentanol isomers (amyl alcohols), or mixtures of pentanols, are often referred to as amyl

acetate.

Uses

It is used as a flavoring agent, as a paint and lacquer solvent, and in the preparation of penicillin.

It is an inactive ingredient in Liquid Bandages.!

OVERVIEW

Amy]l acetate (A-mil AS-uh-tate) is a colorless liquid with a distinctive banana-like flavor and odor.
Three major isomers of amyl acetate exist: normal (n-amyl), secondary (secamyl), and isoamy]l (3-methyl-
1-butyl) acetate. Isomers are two or more forms of a chemical compound with the same molecular
formula, but different structural formulas and different chemical and physical properties. As an
example, the boiling points of the three isomers of amyl acetate are 149.2°C (300.6°F), 142.0°C (287.6°F),
and 140.0°C (284.0°F), respectively. Although the amyl acetates are probably best known as flavoring
agents because of their distinctive banana-like flavor, they all have a number of interesting industrial
applications also.

KEY FACTS
OTHER NAMES:
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Pentyl acetate; acetic acid, amyl ester

FORMULA:

CH3COOC5H11
ELEMENTS:

Carbon, hydrogen, oxygen
COMPOUND TYPE:

Ester (organic)

STATE:

Liquid
MOLECULAR WEIGHT:

130.18 g/mol
MELTING POINT:

~70.8°C (-95.4°F)
BOILING POINT:

149.2°C (300.6°F)
SOLUBILITY:

Slightly soluble in water; soluble in alcohol, ether, and most organic solvents

Amyl acetate Charcoal is the lightweight black carbon and ash residue produced by removing water and

other volatile constituents from animal and vegetation substances. Charcoal is usually produced by slow
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pyrolysis — the heating of wood or other substances in the absence of oxygen (see char and biochar).

Commercial Production Of Penicillin

* Like all antibiotics,
penicillinis a
secondary
metabolite, so is
only produced in
the stationary
phase.

Penicillin or sugar or cell number

.
Time

Figure 30-2b Brock Biology of Microorganisms 11/e

© 2006 Pearson Prentice Hall, Inc.

3.3.12.2 Charcoal

Charcoal is the lightweight black carbon and ash residue produced by removing water and other volatile

constituents from animal and vegetation substances. Charcoal is usually produced by slow pyrolysis — the

heating of wood or other substances in the absence of oxygen (see char and biochar).
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Carbon source

Charcoal may be used as a source of carbon in chemical reactions. One example of this is the production of

carbon disulphide through the reaction of sulfur vapors with hot charcoal. In that case the wood should be

charred at high temperature to reduce the residual amounts of hydrogen and oxygen that lead to side

reactions.
Purification and filtration
Activated carbon

Charcoal may be activated to increase its effectiveness as a filter.

Activated charcoal readily adsorbs a wide range of organic

compounds dissolved or suspended in gases and liquids. In certain

industrial processes, such as the purification of sucrose from cane

sugar, impurities cause an undesirable color, which can be removed

WU With activated charcoal.

It is also used to absorb odors and toxins in gases, such as air. Charcoal filters are also used in some types

of gas masks. The medical use of activated charcoal is mainly the absorption of poisons.’8! Activated

charcoal is available without a prescription, so it is used for a variety of health-related applications. For
example, it is often used to reduce discomfort and embarrassment due to excessive gas (flatulence) in the

digestive tract.”!

Animal charcoal or bone black is the carbonaceous residue obtained by the dry distillation of bones. It
contains only about 10% carbon, the remainder being calcium and magnesium phosphates (80%) and other
inorganic material originally present in the bones. It is generally manufactured from the residues obtained
in the glue and gelatin industries. Its decolorizing power was applied in 1812 by Derosne to the
clarification of the syrups obtained in sugar refining; but its use in this direction has now greatly
diminished, owing to the introduction of more active and easily managed reagents. It is still used to some
extent in laboratory practice. The decolorizing power is not permanent, becoming lost after using for some
time; it may be revived, however, by washing and reheating. Wood charcoal also to some extent removes

coloring material from solutions, but animal charcoal is generally more effective.

Medicine

Charcoal pile

Charcoal was consumed in the past as dietary supplement for gastric problems in the form of charcoal
biscuits. Now it can be consumed in tablet, capsule or powder form, for digestive effects.ll2l Research
regarding its effectiveness is controversial.ll¥! To measure the mucociliary transport time the use was

introduced by Passali in combination with saccharin.!4!
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Red colobus monkeys in Africa have been observed eating charcoal for the purposes of self-medication.
Their leafy diets contain high levels of cyanide, which may lead to indigestion. So they learned to consume
charcoal, which absorbs the cyanide and relieves indigestion. This knowledge about supplementing their

diet is transmitted from mother to infant.l3!
Degradation

The bacterium Diplococcus degrades charcoal, thereby raising charcoal's burning temperature.

3.3.12.3 Sodium acetate
Sodium acetate, CH3COONa, also abbreviated NaOAc,[8] also known as sodium ethanoate, is the sodium

salt of acetic acid. This colorless deliquescent salt has a wide range of uses.
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-Applications

JIndustrial

Sodium ethanoate is used in the textile industry to neutralize sulfuric acid waste streams and also as a
photoresist while using aniline dyes. It is also a pickling agent in chrome tanning and helps to impede
vulcanization of chloroprene in synthetic rubber production. In processing cotton for disposable cotton

pads, sodium acetate is used to eliminate the buildup of static electricity.

Concrete longevity

Sodium ethanoate is used to mitigate water damage to concrete by acting as a concrete sealant, while also
being environmentally benign and cheaper than the commonly used epoxy alternative for sealing concrete

against water permeation.[9]
.Food

Sodium ethanoate may be added to food as a seasoning, sometimes in the form of sodium diacetate, a one-
to-one complex of sodium acetate and acetic acid,[10] given the E-number E262. It is often used to give

potato chips a salt and vinegar flavor.
Buffer solution
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As the conjugate base of acetic acid, a solution of sodium acetate and acetic acid can act as a buffer to keep
a relatively constant pH level. This is useful especially in biochemical applications where reactions are pH-

dependent in a mildly acidic range (pH 4-6).
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-Reactions

Sodium acetate can be used to form an ester with an alkyl halide such as bromoethane:

CH3COONa + BrCH2CH3 — CH3COOCH2CHS3 + NaBr

Caesium salts catalyze this reaction.
-Nam
JUPAC name
Sodium acetate
Systematic [IUPAC name
Sodium ethanoate
.Other names
Hot ice (Sodium acetate trihydrate)
-Properties
.Chemical formula

C2H3NaO2
.Molar mass 82.03 g'mol-1 Masse molaire2 82,0338 + 0,0024 g/mol
C 29,28 %, H 3,69 %, Na 28,02 %, O 39,01 %,
136,08 g/mol (trihydrate)
.pKa 4,75 (pKb =9.25)
.Density 1.528 g/cm3 (20 °C, anhydrous)
1.45 g/cm3 (20 °C, trihydrate)[2
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324 °C (615 °F; 597 K)

anhydrous

Melting point (anhy )
58 °C (136 °F; 331 K)

(trihydrate)
881.4 °C (1,618.5 °F; 1,154.5 K)

Boils - (anhydrous)

oiling poin

122 °C (252 °F; 395 K)

(trihydrate) decomposes

3.3.12.4 Ethanol
Ethanol, also called alcohol, ethyl alcohol.

Ethanol is naturally produced by the fermentation of sugars by yeasts or via petrochemical processes. It
also has medical applications as an antiseptic and disinfectant. The compound is widely used as a chemical
solvent, either for scientific chemical testing or in synthesis of other organic compounds, and is a vital
substance utilized across many different kinds of manufacturing industries. Ethanol is also used as a clean-

burning fuel source

b
/

H—C—C—G ~"OH

H H

Names

Pronunciation /' €Banpl/
Systematic IUPAC name
ethanoll

Other names

Absolute alcohol, alcohol, cologne spirit, drinking
alcohol, ethylic alcohol, EtOH, ethyl alcohol, ethyl
hydrate, ethyl hydroxide, ethylol, grain alcohol,
hydroxyethane, methylcarbinol

Properties
Chemical formula ~ C:HeO
Molar mass 46.07 g-mol™
Appearance Colorless liquid
Density 0.7893 g/cm? (at 20 °C)
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-114.14 £ 0.032! °C
Melting point (-173.45 £ 0.05 °F;
159.01 + 0.03 K)

78.24 +0.092 °C
Boiling point (172.83 £0.16 °F;
351.39 + 0.09 K)

Solubility in water ~ miscible

log P -0.18

Vapor pressure 5.95 kPa (at 20 °C)

Acidity (pKa) 15.9 (H20), 29.8 (DMSO)ii4l
~lvanle ~33.60-10 cm?*/mol

susceptibility (x)
Refractive index (o) 1.36112

1.2 mPa-s (at 20 °C), 1.074 mPa-s

Viscosity
(at 25 °C)&!
Dipole moment 1.69 Dl

Physical properties

-
- Ethanol burning with its spectrum depicted

Ethanol is a volatile, colorless liquid that has a slight odor. It burns with a smokeless blue flame that is not
always visible in normal light. The physical properties of ethanol stem primarily from the presence of its
hydroxyl group and the shortness of its carbon chain. Ethanol's hydroxyl group is able to participate in
hydrogen bonding, rendering it more viscous and less volatile than less polar organic compounds of

similar molecular weight, such as propane.

Ethanol is slightly more refractive than water, having a refractive index of 1.36242 (at A=589.3 nm and

18.35 °C or 65.03 °F).42 The triple point for ethanol is 150 K at a pressure of 4.3 x 10~ Pa.l48!
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3.3.12.5 Isopropyl B-D-1-thiogalactopyranoside (IPTG)

Isopropyl p-D-1-

thiogalactopyranoside

CH,OH
OH O S
OH

OH

Identifiers

CAS Number ¢ 367931

3D model (JSmol) e Interactive image

ChemSpider e 571154

ECHA InfoCard [100.006.094

MeSH Isopropyl+Thiogalactoside
PubChem CID o 656894
InChl[show]
SMILES[show]

Properties

Chemical formula [CoHisOsS

Molar mass 238.30 g-mol!

Except where otherwise noted, data are given for
materials in their standard state (at 25°C [77 °F],
100 kPa).

Infobox references

Propriétés physiques

T° fusion 105 °C2

Isopropyl p-D-1-thiogalactopyranoside (IPTG) is a molecular biology reagent. This compound is a

molecular mimic of allolactose, a lactose metabolite that triggers transcription of the lac operon, and it is

therefore used to induce protein expression where the gene is under the control of the lac operator.

95


https://en.wikipedia.org/wiki/CAS_Registry_Number
http://www.commonchemistry.org/ChemicalDetail.aspx?ref=367-93-1
https://en.wikipedia.org/wiki/JSmol
http://chemapps.stolaf.edu/jmol/jmol.php?model=CC%28C%29S%5BC%40H%5D1%5BC%40%40H%5D%28%5BC%40H%5D%28%5BC%40H%5D%28%5BC%40H%5D%28O1%29CO%29O%29O%29O
https://en.wikipedia.org/wiki/ChemSpider
http://www.chemspider.com/Chemical-Structure.571154.html
https://en.wikipedia.org/wiki/ECHA_InfoCard
https://echa.europa.eu/substance-information/-/substanceinfo/100.006.094
https://en.wikipedia.org/wiki/Medical_Subject_Headings
https://www.nlm.nih.gov/cgi/mesh/2014/MB_cgi?mode=&term=Isopropyl+Thiogalactoside
https://en.wikipedia.org/wiki/PubChem
https://pubchem.ncbi.nlm.nih.gov/compound/656894
https://en.wikipedia.org/wiki/International_Chemical_Identifier
https://en.wikipedia.org/wiki/International_Chemical_Identifier
https://en.wikipedia.org/wiki/Simplified_molecular-input_line-entry_system
https://en.wikipedia.org/wiki/Simplified_molecular-input_line-entry_system
https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Molar_mass
https://en.wikipedia.org/wiki/Standard_state
https://en.wikipedia.org/wiki/Wikipedia:Chemical_infobox#References
https://fr.wikipedia.org/wiki/Point_de_fusion
https://fr.wikipedia.org/wiki/Isopropyl_%CE%B2-D-1-thiogalactopyranoside#cite_note-Sigma-2
https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Allolactose
https://en.wikipedia.org/wiki/Lactose
https://en.wikipedia.org/wiki/Metabolite
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/Lac_operon
https://en.wikipedia.org/wiki/Lac_operator
https://en.wikipedia.org/wiki/File:IPTG2.svg

IPTG, unlike allolactose, is not hydrolyzable by [-galactosidase. Therefore, its concentration remains

constant during an experiment. For induction, a sterile, filtered 1 M solution of IPTG is typically added by
1:1000 dilution into an exponentially growing bacterial culture, to give a final concentration of 1 mM.
However, different concentrations of IPTG may also be used.

Mechanism of action

Like allolactose, IPTG binds to the lac repressor and releases the tetrameric repressor from the lac operator

in an allosteric manner, thereby allowing the transcription of genes in the lac operon, such as the gene

coding for beta-galactosidase, a hydrolase enzyme that catalyzes the hydrolysis of (3-galactosides into
monosaccharides. But unlike allolactose, the sulfur (S) atom creates a chemical bond which is non-

hydrolyzable by the cell, preventing the cell from metabolizing or degrading the inducer.

IPTG uptake by E. coli can be independent of the action of lactose permease, since other transport pathways
are also involved.l! At low concentration, IPTG enters cells through lactose permease, but at high
concentrations (typically used for protein induction), IPTG can enter the cells independently of lactose

permease

Use in laboratory

IPTG is an effective inducer of protein expression in the concentration range of 100 uM to 3.0 mM.
Concentration used depends on the strength of induction required, as well as the genotype of cells or
plasmid used. If lacl?, a mutant that over-produces the lac repressor, is present, then a higher concentration

of IPTG may be necessary.l2!

In blue-white screen, IPTG is used together with X-gal. Blue-white screen allows colonies that have been
transformed with the recombinant plasmid rather than a non-recombinant one to be identified in cloning

experiments.!

3.3.12.6 AEH
a-Amino ester hydrolases (AEH, E.C. 3.1.1.43) catalyze the synthesis and hydrolysis of a-amino 3-lactam
antibiotics. The AEH enzymes have been shown to feature excellent synthetic capability but suffer from
poor thermostability. AEH from Xanthomonas campestris exhibits an optimal activity temperature of 25
°C, an observed half-life of 5 min at 30 °C, and a “T-50” value, the temperature at which the half-life is 30
min, of 27 °C.
A sal) Glalcaall 4uaYl-B-lactam (e Slall didadll o ad gill 3u8a5 (E.C. 3.1.1.43 ,) 4} A-AEH ester hydrolases
W e o yinalS (i g il 5300 AEH 59w (0 (Sl thermostability daelibaa¥l 5 )3 5l Cad Giley 39 AEH &
A andl Cuais Bl e da )0 ["B0-" e gd min 30 5 e i a gl 4 e da )2 25 5l e A pn JieY) Llill ey
kgl gd 27 4dds 30
To improve the thermostability of AEH, a modified structure-guided consensus model of seven
homologous enzymes was generated along with analysis of the B-values from the available crystal
structures of AEH from Xanthomonas citri. A family of stabilized variants was created including a

consensus-driven triple variant, A275P/N186D/V622l. Independent NNK saturation of two high B-factor

sites, K34 and E143, on the triple variant resulted in our best variant, the quadruple mutant
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E143H/A275P/N186D/V6221, with a “T-50” value of 34 °C (7 °C improvement) and 1.3-fold activity

compared to wild-type

JSLa (e aall B-dalad Al g iley 331 ae dsilaie dass dga gall (88 53 23 sail) JSaa Lehiaad (e AEH thermostability (sl

, ol ASN75. Y b @l ) led L oAl Cjfial Boul sy olisesiil) (e Aalall AEH 4ysb

43 suaddlH 143,duadl o) 4536 &Gyl 5 B143, 5 K34 Odlelas @8l 50 0 Jle il NNK ai . J5YIP/N186D622A/V
Al e 4l cilaaal 1.3 5 (A5 da 0 7) Culed s 34 4aidy "50-5 E/A275P/N186D622A/V 1, "auely,

3.3.12.7 Urea

TTTT T30V

S~
HoN NH2

3.3.13 Acyclase treatment
(R)-(-)-2-Phenylglycine chloride hydrochloride 97%

Synonym: (R)-a-Aminophenylacetyl chloride hydrochloride, D—(-)-a-Phenylglycine chloride
hydrochloride

HoN. H
__Cl
« HCI
0

The process of claim 17 wherein the synthetic penicillin so produced is ampicillin and the acylating agent is

D-(-)-2-phenylglycyl chloride hydrochloride.
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3.3.13.1 Corn steep liquor

CORN STEEP LIQUOR IN MICROBIOLOGY

R. WINSTON LIGGETT! axp H. KEOFFLER

A. E. Staley Manufacturing Company, Decatur, Ilinois, and Purdue University,
Lafayeite, Indiana

The publicity given to the development of the penicillin industry also has
called attention to the value of corn steep liquor as a source of nutrients for micro-
organisms. Although considerable information on the properties of corn steep
liquor has been accumulated, attempts to integrate this information have been
rare (cf. 38). An effort will therefore be made in this review to describe the
production and properties of corn steep liquor, and to evaluate its usefulness in
microbiclogy.

Production of corn steep liguor

Binee corn steep liguor is a by-product of the corn wet-milling industry it would
be insufficient to discuss its manufacture apart from the whole process in which
corn, after having been shelled and air-cleaned, is soaked, and then fractionated
into its principal components by a combination of flotation and wet-screening
procedures,

To avoid losses of raw material and to keep sewage disposal problems to a
minimum, practically complete recovery of the solids is desired. This is accom-
plished by the so-called “bottled-up” process whereby water i8 reused in a
counter-current flow with respect to the corn and losses of the solids are kept to
less than 0.59 of the dry substance of the corn. The technology of this procesa is
discussed in detail by Kerr (26). A popularized but suthentic description can
also be found in a publication by the Corn Industries Research Foundation (7).
For a discussion of the water balance and sewage disposal problems see Green-
field, Cornell, and Hatfield (20).

The corn is first soaked, or steeped in open wooden tanks at 45 to 52 C for 40
to 48 hours. Five to seven gallons of water are required for every bushel of corn.
The water used in steeping is process water that has been used previously in
other phases of the process, for example, the overflow from the gluten settling
tank. During steeping the soluble materials are dissolved, the corn is softened,
and its structure weakened and broken, which facilitates the grinding and further
separations of its components. Just before the process water enters the tanks,
80, is added to prevent putrefaction and to assist in the extraction of the soluble
compounds. The concentration of S0, is initially from 0.1 to 0.29, but since
most of the 80, is absorbed by the corn, it is lowered to 0.05%, five hours after
addition, and to 0.01% within ten hours. Moving in a general counter-current
fashion, the most dilute water ia placed on corn that has been steeped the longest
and is transferred continuously in the direction of the corn most recently intro-
duced. In this manner, the steep water having the highest concentration of

! Present addresa: American Sugar Refining Company, Philadelphia.
207

3.3.13.2 Phosphate-buffered saline

Phosphate-buffered saline (abbreviated PBS) is a buffer solution commonly used in biological research. It
iIs a water-based salt solution containing disodium hydrogen phosphate, sodium chloride and, in some
formulations, potassium chloride and potassium dihydrogen phosphate. The buffer helps to maintain a
constant pH. The osmolarity and ion concentrations of the solutions match those of the human body
(isotonic).

Applications

PBS has many uses because it is isotonic and non-toxic to most cells. These uses include substance dilution

and cell container rinsing. PBS with EDTA is also used to disengage attached and clumped cells. Divalent

98


https://en.wikipedia.org/wiki/Buffer_solution
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Disodium_hydrogen_phosphate
https://en.wikipedia.org/wiki/Sodium_chloride
https://en.wikipedia.org/wiki/Potassium_chloride
https://en.wikipedia.org/wiki/Potassium_dihydrogen_phosphate
https://en.wikipedia.org/wiki/Osmolarity
https://en.wikipedia.org/wiki/Tonicity
https://en.wikipedia.org/wiki/EDTA
https://en.wikipedia.org/wiki/Divalent_metal

metals such as zinc, however, cannot be added as this will result in precipitation. For these types of

applications, Good's buffers are recommended.
Preparation

There are many different ways to prepare PBS solutions (one of them is DPBS, or Dulbecco's phosphate-
buffered saline, which has a lower phosphate concentration than standard PBS). Some formulations do

not contain potassium and magnesium, while other ones contain calcium and/or magnesium.2!

The most common composition of PBS (1X)
Salt Concentration (mmol/L) |Concentration (g/L)

NaCl 137 8.0
KCl 2.7 0.2
Na;HPO, 10 1.42
KH,PO, 1.8 0.24

Start with 800 mL of distilled water to dissolve all salts. Adjust the pH to 7.4 with HCl. Add distilled water
to a total volume of 1 liter. The resultant 1x PBS should have a final concentration of 10 mM PO43-, 137 mM
NaC(l, and 2.7 mM KCL

Cold Spring Harbor Protocol
reagent MW  mass (g) 10X [M] 10X mass (g) 5X [M] 5X mass (g) 1X [M] 1X
Na;HPO,4 |141.95897 14.1960 | 0.1000 7.0980 | 0.0500 1.41960 | 0.0100

KH,PO, [136.08569 2.4496| 0.0180  1.2248 0.0090 |  0.24496 | 0.0018
NaCl | 58.44300|  80.0669 1.3700 40.0335 0.6850  8.00669  0.1370
KCl 74.55150 2.0129| 0.0270|  1.0064/ 0.0135  0.20129 | 0.0027
pH =7.4

The pH of PBS is ~7.4. When making buffer solutions, it is good practice to always measure the pH
directly using a pH meter. If necessary, pH can be adjusted using hydrochloric acid or sodium hydroxide.
The simplest way to prepare a PBS solution is to use PBS buffer tablets or pouches. They are formulated to

give a ready-to-use PBS solution upon dissolution in a specified quantity of distilled water. They are
available in the standard volumes: 100, 200, 500 and 1000 mL, and 10, 25, 50 and 100 L.&3!

If used in cell culturing, the solution can be dispensed into aliquots and sterilized by autoclaving or
filtration. Sterilization may not be necessary depending on its use. PBS can be stored at room temperature
or in the refrigerator. However, concentrated stock solutions may precipitate when cooled and should be

kept at room temperature until precipitate has completely dissolved before use.

3.3.13.3 Peptones

(anciennement albuminoses) sont les produits d'une réaction dhydrolyse de protéines. Cette hydrolyse

peut étre chimique (hydrolyse acide) ou enzymatique

Production

On distingue trois types de matiéres premieres protéiniques pour la fabrication des peptones :

e origine animale (organes, muscles...) ;
e origine laitiére (caséine acide, lactosérum...) ;
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o origine végétale (soja, coton, mais, féve, blé...).
Outre l'origine des protéines, on peut séparer les peptones selon leur type d'hydrolyse :

« hydrolyse chimique (typiquement par de I'acide chlorhydrique, ensuite neutralisé par de la soude) ;
« hydrolyse enzymatique, a l'aide d'enzymes protéolytiques, digestives (pepsine, trypsine,
pancréatine...) ou non (papaine...).

Des peptones sont produites naturellement au cours de la digestion, mais on ne les rencontre alors que dans
I'estomac et l'intestin gréle.

3.3.13.4 Iron(ll) sulfate FeSO47H20

OH, 2+
HEO Wiy, ‘ L DHE
“Fe s0,2 :
4 .
H,0% \H‘DHE T
OH,,

iron(11) sulfate, when dissolved in water

Iron(ll) sulfate (British English: iron(ll) sulphate) or ferrous sulfate denotes a range of salts with the
formula FeSO,4-xH,0. These compounds exist most commonly as the heptahydrate (x = 7) but are known for
several values of x. The hydrated form is used medically to treat iron deficiency, and also for industrial
applications. Known since ancient times as copperas and as green vitriol, the blue-green heptahydrate is
the most common form of this material. All the iron(ll) sulfates dissolve in water to give the same aquo
complex [Fe(H20)s]**, which has octahedral molecular geometry and is paramagnetic. The name copperas
dates from times when the copper(ll) sulfate was known as blue copperas, and perhaps in analogy, iron(ll)
and zinc sulfate were known respectively as green and white copperas.**!

It is on the World Health Organization's List of Essential Medicines, the most important medications needed
in a basic health system.!*%

3.3.13.5 Citric acid

Citric acid is a weak organic acid that has the chemical formula C,H;O;. It occurs naturally in citrus fruits.
In biochemistry, it is an intermediate in the citric acid cycle, which occurs in the metabolism of all aerobic

organisms.

O OH O

HO OH
O~ OH
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3.3.14 Penicillin Recovery

There are ten steps in the recovery of Penicillin:
1. Broth Filtration
1. Broth Filtration

. Filtrate Cooled

. Further Filtration

. Extraction of Penicillin with Solvent

2

3

4

5. Carbon Treatment

6. Transfer back to Aqueous Phase
7. Solvent Recovery
8. Crystallisation

9. Crystal Washing

10. Drying of Crystals

3.3.14.1 Broth Filtration

By analysing a fermentation broth at the time of harvesting it will be discovered that the specific product
may be present at a low concentration in an aqueous solution that contains intact micro-organisms, cell
fragments, soluble and insoluble medium components and other metabolic products. In the first stage, the
main objective is to remove large solid particles and microbial cells by either centrifugation or filtration.
Filtration is the most versatile and most established method for removing insoluble from our broth. In
tiltration, the micro-organisms are captured in a concentrated cake, which looks like sand, sludge or paste.

Many factors influence which type of filtration will take place; viscosity and density of filtrate, solid:liquid
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ratio, size and shape of particles, scale of operation, need for aseptic conditions, need for batch or
continuous operation and the need for pressure or vacuum suction to ensure an sufficient for rate for
liquid. The Rotary Vacuum Filter is the most common piece of equipment used for the extraction of
penicillin, and is used in continuous processing. Rotary Vacuum Filter designs vary, but usually outline as
follows: e The Filter Drum: Cylindrical, hollow drum which carries the filter cloth. On the inside it is
segmented into rows to which a vacuum can be applied or shut off in sequence as the drum slowly
revolves. ® Trough: Filter is partially immersed in through which contains the penicillin broth. The trough
is sometimes fitted with an agitator to maintain solids in suspension. ® Discharge Nodes: Filter cakes are
produced from the filtration of to penicillin broth. Because of this a node is devised to scrap off the cake
after filtration. When this happens the vacuum is broken. The filter drum, partially submerged in the
trough of broth, rotates slowly. Filtrate and washings are kept separate by the segments in the drum. The
liquid is drawn through the filter and a cake of solids builds up on the outer surface. Inside the drum, the
filtrate is moves from the end of the cylindrical drum onto a storage tank. As our penicillin cells move from
the broth, the vacuum is used to remove as much moisture as possible from the cake, and to hold the cake
on the drum. The section at the node/knife, which scrapes off the filtrate can get air pressure to burst out,

helping contact with the node.

Rotary vacuum filters are expensive, but they are convenient and do provide a considerable degree of

mechanisation

3.3.14.2 Filtrate Cooled
From filtration, the penicillin rich solution is cooled to 5°C. As penicillin G only has a half-life 15 minutes at

pH 2 at 20°C, this helps reduce enzyme and chemical degradation during the solvent extraction step (step
4).
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3.3.14.3 Further Filtration

Further filtration again takes place using the Rotary Vacuum Filter. In addition, we know that: Rate of
filtration = Driving force/resistance Resistance can be caused by the filter cloth, which also adds to the
resistance of the filter cake as it accumulates. Pre-coats and filter aids can be used to assist the filtration. The
addition of a pre-coat/filter aid will increase the strength of the filter cake and minimises compaction.
Perlite, an exploded rock, or diatomaceous earths are such materials. Either of these substances is built up
over the conventional filter, and each time the drum completes a cycle the shave-off gear moves slightly
nearer the drum. This continuous shaving away of contaminated earth prevents the filter becoming
clogged, and means that there is always a clean filter starting the next cycle. The pores of their skeletons

take up greasy materials also. Their addition to poor filters will increase the rate of filtration greatly.
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3.3.14.4 Extraction of Penicillin with Solvent

For penicillin recovery, it is standard practice to use liquid-liquid countercurrent extraction processes. The
basis to which liquid-liquid extraction, also called solvent extraction, works is that the extraction agent and
the liquid in which the extract is dissolved are not perfectly miscible. Liquid-liquid extraction is suitable for
the recovery of penicillin because of its operation at low temperatures, greater selectivity and is less
expensive compared to distillation, evaporation and membrane technology. Before starting large scale
extraction, the solubility characteristics of the product must be found. “Like dissolves like”, in relation to
the polarities of the molecules. Apart from being less then perfectly miscible with the carrier medium, the
extract solvent has to have high capacity, ie capacity to absorb large amounts of extract, have a degree of

selectivity, low levels of corrosion and toxicity, have high availability and low cost.
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Penicillin is extracted from an aqueous phase into the solvent butyl acetate or amyl acetate. The extract
phase (butyl acetate) is the one into which the extract is transferred from the raffinate (aqueous phase with
penicillin). A counter current system is used when K (the partition coefficient) of the two phases is low. K =
Concentration of solute in extract Concentration of solute in raffinate eg, the extraction of penicillin.
When working with penicillin the lower the pH, the greater the K value, thus making extraction more
efficient. Sulphuric or phosphoric acid is added to created pH 2.5-3.0. The Podbielniak Centrifugal
Contractor (POD) is and example of such a countercurrent system. The Podbielniak extractor is used
extensively in the commercial production of antibiotics. It is especially useful when the densities of the two

liquids are very close to each other
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The POD is made up of a horizontal cylindrical drum, which rotates at 2000-5000 rpm on its axis. The
liquids are introduced into the shaft, with the heavy liquid entering the drum at the shaft while the light
liquid is led by an internal route to the periphery of the drum. As the drum rotates, the liquids travel
countercurrently through the cannels in the interior of the drum; the light liquid towards the centre and the
heavy liquid to the periphery and then back to the shaft. The two liquid streams are then discharged via the
shaft
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3.3.14.5 Carbon Treatment

Our penicillin rich solution is then treated with 0.25-5% activated carbon to remove pigments and
impurities. Activated carbon is an amorphous solid, and absorbs molecules from the liquid phase through
is highly developed internal pore structure. It is obtained in powered, pelleted or granular form and is

produced from coal, wood and coconut shells.
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3.3.14.6 Transfer back to Aqueous Phase

Using a second Podbielniak Centrifugal Contractor, the penicillin rich solvent is passed into a fresh
aqueous phase. This is done in the presence of Potassium or Sodium Hydroxide to bring the pH back to

5.0-7.5, creating the penicillin salt.
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3.3.14.7 Solvent Recovery

The penicillin solvent is usually recovered by distillation. Distillation is carried out in three phases:
Evaporation, Vapour-liquid separation in a column and condensation of the vapour. Firstly the solvent is
vaporised from the solution, then the low boiling volatile components are separated from the less volatile
components in a column, and finally condensation is used to recover the volatile solvent fraction. Solvent

recovery is an important process, as solvent is a major expense in the penicillin extraction process.
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3.3.14.8 Crystallisation

Crystals are highly organised inert matters. If grown without external interference, they grow in
polyhedral shapes and exhibit many degrees of symmetry. Penicillin G is an odourless, colourless or white
crystal, or crystalline powder. Crystallisation is essentially a polishing step that yields a highly pure
product. It is done through phase separation from a liquid to a solid. To begin crystallisation, we must first

have a supersaturated solution. Supersaturation refers to a state in which there are more dissolved
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solids in the solvent than can ordinarily be accommodated at that temperature at equilibrium.
Supersaturation can be achieved usually by cooling, drowning, solvent evaporation, or by chemical
reaction. Since the solubility of penicillin in its aqueous solution decreases with decreasing temperature, as
the solution cools, its saturation increases until it reaches supersaturation and crystallization begins.
Drowning is also common of recovery of penicillin G. It is the addition of a nonsolvent to the solution to

decreases the solubility of the solid. A chemical reaction can be used to alter the dissolved solid to decrease
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its solubility in the solvent, thus working toward supersaturation. From here, crystallisation is a two phase

process:
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PHASE 1: Primary Nucleation Primary nucleation is quite simply the growth of new crystals. A large
supersaturation driving force is required to start this primary step. The spontaneous crystal formation and

"crashing out" of many nuclei are observed from the solution. This

step is not fully understood. After primary nucleation begins, it will continue until the remaining solution

concentration is at equilibrium.
Bl Bsdl) ol 5 bl o Allll opbaall afuny) abiledl opleall San¥l el c1oas L)
Bshad ) a1l sda pa S "z JU Jeg S 0SS L) Bskas s st gl pSSUpeTSaturation

Ol 3 S 06y et AlaBlacll ol aall AJ9N) iy ey DalS Lagh dasgie

PHASE 2: Secondary Nucleation Again, this step is not fully understood. Crystal production is initiated
by “seeding”, and occurs at a lower supersaturation. Seeding involves the addition of small crystals to a
solution in a metastable area, which results in interactions between existing crystals, and crystal contact
with the walls of the crystalliser. The crystals will grow on those crystals until the concentration of the
solution reaches solubility equilibrium. Batch crystallisation is the most the most used method for

polishing antibiotics, including penicillin G. Batch crystallisers simply consist of tanks with stirrers and

33 i ag " Jl S L psgde pd dgladl oda O, 5y dadlicll Slleill gl et 2 A

Ok o Jeladl U og e metastable aikei 3 > ) se ool LA BLSI LesysSUpersaturation.

Sl 4585 hay > S S Jo sere Jug SO e crystalliser. ohas Jiwy S Jlasl e aastal

Joon crystallisers ass 2, dt lslall .z heid) W Jio 3 Wizl SN Ol ga slaiy 35l 2085 . 0jl5)
5 StIrTers ol (3 lass

are sometimes baffled. They are slowly cooled to produce supersaturation. Seeding causes nucleation and
growth is encouraged by further cooling until the desired crystals are obtained. While the crystallisation
procedures product of very high purity, improves appearance and has a low energy input, the process can

be time consuming due to the high concentration of the solutions during crystallisation. It can also be
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profoundly affected by trace impurities and batch crystallisation can often give poor quality, nonuniform

product.
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3.3.14.9 Crystal Washing

While the penicillin G crystals we have formed are essentially pure in nature but adsorption and capillary
attraction cause impurities from its mother liquor on their surfaces and within the voids of the particulate
mass. Because of this the crystals must be washed and pre-dried in a liquid in which they are relatively
insoluble. This solvent should be miscible with the mother solvent. For this purpose we use anhydrous

Ipropanol, n-butanol or another volatile solvent.
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3.3.14.10 Drying of Crystals
Drying can stabilise many heat sensitive products like penicillin. The drying of penicillin must be carried
out with extreme care to maintain its chemical and biochemical activity, and ensure that it retains a high
level of activity after drying. There are many methods for drying penicillin: ® Lyophilization: Another
name for freeze-drying. The wet penicillin is frozen to solidify it. Sublimation takes place which reduces to

moisture, which leaves a virtually dry solid cake. Finally, desorption (or secondary drying) takes place

where the bound moisture is reduced to the final volume. These three stages do overlap somewhat.
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e Spray Dryers: the precise atomization of solutions in seeded in a controlled drying environment for spray
drying to take place. Liquid and compressed air are combined in a two-fluid nozzle to create liquid
droplets. Warm air streams dry the droplets and a dry powder is created. This is a continuous process and

the transition from liquid to powder is almost instantaneous.

* Vacuum Band Dryers: A thin wet layer of penicillin crystals are fed onto a slow rotating heated drum.

Radiant heat dries the layer and scalpels remove the product from the end
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3.4 Ampicillin Synthesis Using a Two-Enzyme Cascade with Both a-Amino Ester
Hydrolase and Penicillin G Acylase

3.4.1 Abstract

The current enzymatic production of semisynthetic f-lactam antibiotics requires isolation and purification of
the intermediate 6-aminopenicillanic acid which adds cost and complexity to the manufacturing process. In
this work, we took advantage of the unique substrate specificity of a-amino ester hydrolases to perform a
purely aqueous one-pot production of ampicillin from penicillin G and D-phenylglycine methyl ester,
catalyzed by a-amino ester hydrolase and penicillin G acylase. The synthesis was performed in both a one-
pot, one-step synthesis resulting in a maximum conversion of 39%, and a one-pot, two-step process resulting
in a maximum conversion of 47%. The two-enzyme cascade reported in this paper is a promising alternative
to the current enzymatic two-step, two-pot manufacturing process for semisynthetic f-lactam antibiotics
which requires intermittent isolation of 6-aminopenicillanic acid.

Keywords: amino esters, antibiotics, enzyme catalysis, hydrolases, lactams
3.4.2 Introduction

Semisynthetic B-lactam antibiotics, which include penicillins and cephalosporins, are the most prescribed
class of antibiotics in the world.[1] Their four-membered B-lactam ring is the crucial moiety to combat
bacterial infections because it inhibits bacterial cell wall synthesis.[2] These compounds are classified as
semisynthetic because their f-lactam moiety is obtained from the enzymatic hydrolysis of a natural
fermentation product and their acyl side chain is obtained from a chemical or chemoenzymatic synthesis.
The B-lactam moiety for all penicillins, 6-aminopenicillanic acid (6-APA), is produced on an industrial scale
through the hydrolysis of either penicillin G (penG) using penicillin G acylase (PGA, EC 3.5.1.11) or
penicillin V using penicillin V acylase (EC 3.5.1.11). Chemical coupling of a B-lactam moiety with an acyl
side chain has dominated the industrial production of semisynthetic f-lactam antibiotics since their
discovery in the early 1960s even though such a process requires low temperatures, highly reactive reagents,
large volumes of solvents, low temperatures, and generates large amounts of waste.[3] Enzymatic coupling
of a B-lactam moiety with an acyl side chain can be accomplished in an environmentally benign process at
ambient temperature, that does not require toxic or hazardous reagents or solvents, and thus minimizes waste
generation.[3] DSM Anti-infectives BV (Delft, Netherlands) is currently manufacturing amoxicillin,
cephalexin, and cefadroxil with an enzymatic process that utilizes PGA.[4] A less investigated enzyme, a-
amino ester hydrolase (AEH, EC 3.1.1.43), can also be employed for the coupling reaction if the acyl side
chain features an amino group in the a-position.[5-11]
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Cascade conversions, which combine multiple reactions without intermediate recovery steps, are
increasingly studied to render syntheses more environmentally benign and economically advantageous.
Replacing a multistage synthesis with a cascade process eliminates the need for isolation and purification
of intermediates and therefore results in smaller reactor volumes, shorter cycle times, higher volumetric
and space time yields, and decreased amount of waste produced.[12,13] Cascade conversions can
combine multiple biocatalytic steps, multiple chemocatalytic steps, or can combine both biocatalytic and
chemocatalytic steps. Typically, it is easiest to combine multiple biocatalytic steps as most enzymes have
similar operating conditions.[12] There have been several reports of utilizing cascade processes for
semisynthetic 3-lactam antibiotic synthesis. Wegman et al. combined the synthesis of the acyl side chain
D-phenylglycine amide from D-phenylglycine nitrile utilizing nitrile hydratase and the enzymatic
coupling of D-phenylglycine amide with the $-lactam nucleus 7-aminodesacetoxycephalosporanic acid
utilizing PGA to synthesize cephalexin in a onepot synthesis.[14] Ferndandez-Lafuente et al. reported a
chemoenzymatic synthesis of cefazolin that started from the naturally occurring cephalosporin C and
involved three biocatalytic transformations in fully aqueous medium.[15,16] Finally, Du et al. and Wu et
al. employed PGA in partially organic media to catalyze both the hydrolysis of penG to the 3-lactam
nucleus 6-APA and the enzymatic coupling of 6-APA with D-phenylglycine methyl ester (D-PGME) or
D-hydroxyphenylglycine methyl ester to synthesize ampicillin (AMP)[17] or amoxicillin,[18]
respectively, in a one-pot system.

We examined the feasibility of utilizing a cascade conversion with two biocatalytic reactions in fully
aqueous medium to synthesize AMP (Scheme 1). In the first reaction, 6-APA was produced from the
thermodynamically-controlled hydrolysis of penG with immobilized penicillin G acylase (iPGA). The
byproduct from this reaction, phenylacetic acid (PAA), is a known inhibitor of PGA with a K=70 uM.[19]
In the second reaction, AMP was produced in a kinetically-controlled coupling of 6-APA with D-PGME
using either iPGA or AEH.[6] As AEHs are unique in their specificity toward a-amino groups on the acyl
moiety, they cannot catalyze the hydrolysis of penG to yield 6-APA and are not inhibited by PAA,[7]
thus their advantage in this cascade. In addition to the desired coupling reaction, both PGA and AEH
catalyze the undesired primary hydrolysis of the activated acyl side chain, D-PGME, and the secondary
hydrolysis of the antibiotic, AMP. These two side reactions negatively affect yield.[3]
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Scheme 1

One-pot, two-enzyme direct conversion of penicillin G to ampicillin using iPGA and AEH. Undesired side

reactions, primary hydrolysis of D-PGME to D-PG, and secondary hydrolysis of AMP are shown.

We investigated both a one-pot, one-step (1P1S) and one-pot, two-step (1P2S) scheme. In the 1P1S scheme,
a batch process, we added D-PGME, penG, and either iPGA or both iPGA and AEH at the beginning of the
experiment. In the 1P2S scheme, we first added penG with iPGA and allowed the reaction to proceed near
completion to produce 6-APA. Next, we added D-PGME and either AEH or additional iPGA to the reaction
mixture. We investigated the effect of different relative enzyme loadings on the overall yield of AMP for
both schemes.

3.4.3 Results and Discussion

We evaluated both the 1P1S and 1P2S systems over a range of iPGA and AEH concentrations as shown in
Table 1. In this cascade, enzyme concentrations have a large effect on the overall yield and the degree of
secondary hydrolysis observed. Typical reaction profiles for both configurations are shown in Figure 1.

Figure 1

Reaction profile of the enzymatic conversion of penicillin to ampicillin using 99.2 UPenG of iPGA and 2.2
UAmp AEH. Both the A) 1P1S and the B) 1P2S profiles are shown. D-PG (+), 6-APA (e), PAA (#), AMP
(m), D-PGME (4), ...

Conversion results from the one-pot, one-step (1P1S) reaction configuration.

Enzyme 1 Moles of D-PGME per mole of AMP at Maximum
loading’@! [min] max conv. [mol mol™] conversion® [%6]
iIPGA AEH
[UPenG] [UAmMp]
24.8 11 20 48 6
99.2 1.1 360 8.7 23
99.2 2.2 300 6.3 38
99.2 4.4 60 7.5 39
99.2 55 60 11 30
99.2 none 360 31 3
114 none 1500 21 10
129 none 1500 20 9
136 none 360 25 5

[@1n ampicillin synthesis reactions starting from 6-APA and D-PGME, 1 UAmp of AEH ~6.8 UPenG of
iPGA.

[’ITime at which maximum conversion was obtained.

IConversions are based on the moles of ampicillin produced per mole of penicillin G starting material. All
concentrations are based on analytical measurements, not isolated yields.

Table 1
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Conversion results from the one-pot, one-step (1P1S) reaction configuration.

It has been previously shown that the initial ratio of D-PGME to 6-APA concentrations is an important
parameter in optimizing the coupling reaction for semisynthetic antibiotics.[20] In our experiments, we
targeted a D-PGME/6-APA ratio of 60 mM:20 mM which has been demonstrated as the optimal ratio for
both iPGA[21] and AEH-catalyzed syntheses.[6]

The two-enzyme 1P1S system resulted in AMP yields between 6% and 39%, as shown in Table 1 and
Figure 2A. The system performed poorly with low iPGA enzyme loading (22 UPenG) and high AEH
enzyme loading (11 UAmp). AEHs have excellent D-PGME hydrolytic activity (k=982 s7),[6] thus the
majority of the D-PGME was hydrolyzed prior to the production 6-APA that is necessary for synthesis.
Increased iPGA enzyme loading (99 UPenG) and decreased AEH enzyme loading (between 1.1 UAmp-
5.5 UAmp) improved the AMP yields. The optimal configuration resulted in a 39% yield and was
observed when 99 UPenG iPGA and 4.4 UAmp AEH were utilized. This configuration gave a ratio of 7.5
mol D-PGME per mol of AMP consumed at the maximum product concentration (([D-PGME]~—[D-
PMGE]-ampPmax)/[AMP]=ampmax). In the one-enzyme 1P1S system with iPGA, the reactions only achieved a
maximum conversion of 10% after 24 h. The reduced reaction yield using iPGA alone was expected, due
to the strong inhibition of E. coli PGA with the intermediate PAA and the preference of E. coli PGA for
penG (Kv=0.013 mM) over D-PGME (Ku=12.5 mM).[22,23]

Figure 2

Ampicillin conversion profiles for both the A) 1P1S and B) 1P2S systems. In the 1P2S reaction profiles, there

was no ampicillin until the second reaction step was initiated 60-140 min into the reaction. 24.8 UPenG
iPGA, 11 UAmp AEH (»), ...

The two-enzyme 1P2S system resulted in AMP yields between 27% and 47% as shown in Table 2 and
Figure 2B. Several configurations of enzyme loadings led to yields around 47%, which is equivalent to
the yields when catalyzing the synthesis reaction with AEH directly from 6-APA and D-PGME.[6] In the
IP2S system, the enzyme loading of AEH mostly impacted the secondary hydrolysis and decreased AEH
loadings (between 1.1 and 4.4 UAmp) reduced the amount of secondary hydrolysis. The optimal
configuration resulted in a 46% yield with minimal secondary hydrolysis and was observed when 99
UPenG iPGA and 4.4 UAmp AEH was utilized. This configuration gave a ratio of moles of D-PGME
consumed per moles of AMP at the maximum product concentration of about 6. Similar to the 1P1S
configuration, the single enzyme systems using iPGA resulted in low yield with a maximum conversion
of 15% after 23 h.

Conversion results from the one-pot two-step (1P2S) reaction configuration.

Step 1 Step 2 Enzyme Step Step 2 Total Moles of D-PGME per Maximum
Enzyme loading@! 1 mole of AMP at max  conversion' [96]
loading!®! conv. [mol mol™]

iPGA iPGA AEH O B

[UPenG] [UPenG] [UAmp] [min] [min] [min]

24.8 none 11 145 15 160 6.0 47
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Step 1 Step 2 Enzyme Step Step 2 Total Moles of D-PGME per Maximum
1

Enzyme loading™! mole of AMP at max  conversion' [96]
loading! conv. [mol mol™]

iPGA iPGA AEH t 2 ¢

[UPenG] [UPenG] [UAmp] [min] [min] [min]

99.2 none 1.1 60 300 360 6.9 27
99.2 none 2.2 60 180 240 6.3 35
99.2 none 4.4 60 90 150 6.2 46
99.2 none 55 60 30 90 6.1 47
24,84 none 11 130 20 150 6.1 45
24.8 74 none 130 410 540 15 6
99.2 15 none 60 1290 1350 17 12
99.2 30 none 60 1290 1350 15 14

1n ampicillin synthesis reactions starting from 6-APA and D-PGME, 1 UAmp of AEH=6.8 UPenG of
iIPGA.

™1 Time at which maximum conversion was obtained.

[IConversions are based on the moles of ampicillin produced per moles of penicillin G starting material. All
concentrations are based on analytical measurements, not isolated yields.

[IiPGA removed from the second step using filtration in the one-pot, two-step, two-stage process.

Table 2

Conversion results from the one-pot two-step (1P2S) reaction configuration.

To investigate the impact of the excess iPGA on the secondary hydrolysis in the system, we conducted a
one-pot, two-step, two-stage (1P25-2S) scheme where iPGA was removed by filtration prior to the
addition of AEH to the system in the second step. The removal of iPGA did not reduce the secondary
hydrolysis of AMP, and therefore was not deemed beneficial to the 1P2S scheme.

The 1P1S system required fewer manipulations and had an overall faster cycle time but resulted in a lower
overall yield when compared to the 1P2S system. The lower yields were likely due to the lower initial 6-
APA nucleophile concentrations as 6-APA was generated at the same time it was consumed. The 1P2S step
system required higher cycle times but resulted in higher overall yields and allowed for the most control of
the system parameters, including the D-PGME/6-APA ratio, when compared to the 1P1S system. One
challenge for the cascade syntheses is that the ratio of moles of D-PGME consumed per mole of AMP at the
maximum product concentration is elevated when compared to the ratio of the direct synthesis from 6-APA
and D-PGME. For the 1P1S system, this ratio was approximately 7.5 and for the 1P2S system, this ratio was
approximately 6. The direct syntheses with iPGA or AEH gave values of <2 and about 4, respectively.

Go to:

3.4.4 Conclusions

We have demonstrated the first purely aqueous cascade system toward AMP using a two-enzyme system
with both AEH and iPGA. The 1P1S and 1P2S systems resulted in optimum AMP yields of 39 and 46%,
respectively. At such conditions, the 1P1S configuration required 7.5 moles of D-PGME per mole of AMP
at the maximum product concentration, compared to only 6.2 for the 1P2S scheme. Maximum conversions
were achieved in one to two hours, significantly reducing the reaction times previously observed in the
systems that used iPGA and ethylene glycol.[17,18] In all cases, the two-enzyme system with iPGA and
AEH outperformed the systems that used only iPGA, thus demonstrating the clear advantage of using AEH.
While the 1P1S system resulted in slightly lower yields, it could be advantageous due to its operational ease
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and faster cycle times. In the 1P2S system, higher conversion was achieved and secondary hydrolysis was
minimized by adjusting the relative enzyme loadings. These reaction schemes could be scaled up and
incorporated with enzyme reuse, which has been previously demonstrated for iPGA.[13,24] However,
further optimization is still required to improve yields and reduce ester usage for these processes.

3.4.5 Experimental Section
3.4.5.1 Materials

6-Aminopenicillanic acid, (D)-phenylglycine, ampicillin, (D)-phenylglycine methyl ester hydrochloride,
penicillin G, phenylacetic acid, and Eupergit-immobilized penicillin G acylase from Escherichia coli were
all procured from Sigma Aldrich (St. Louis, MO). Soluble amino ester hydrolase from Xanthomonas
campestris pv. campestris was prepared in our laboratory as described in Blum et al.[6]

One-Pot, One Step Synthesis: PenG (15 mL of 20 mM) and D-PGME (60 mM in 100 mM phosphate
buffer, pH 7) were added to a round bottom flask along with iPGA or iPGA and purified X. campestris pv.
campestris AEH (Table 1). The reactions were stirred using a magnetic stir plate and carried out at room
temperature (22 °C-25°C).

One-Pot, Two-Step Synthesis: PenG (7.5 mL of 40 mM) in phosphate buffer (100 mM, pH 7) was added to
a round bottom flask along with iPGA (Table 2; 124 UPenG per gram of carrier), where 1 UPenG is
defined as one umol of penicillin G hydrolyzed per minute. The reactions were stirred using a magnetic
stir plate and carried out at room temperature (22 °C-25°C). After the reaction reached near completion,
as determined by HPLC, D-PGME (7.5 mL of 120 mM) was added. The pH was adjusted with NaOH
from approximately 6.4 to 7.0 and X. campestris pv. campestris AEH was added (Table 2; 79 UAmp mg-!
protein), where UAmp is defined as one mmol of AMP hydrolyzed per minute under saturation
conditions. Additional experiments were conducted in which pH was controlled between 7.0+0.1; the pH
control had no effect on the results of the experiment. In reactions where iPGA was used in both steps,
we replaced the AEH with equivalent AMP synthesis units of iPGA based on initial synthesis rate data
from 6-APA and D-PGME using only AEH[6] and only iPGA[21] where 1 UAmp of AEH~1 UAmp of
iPGA=6.8 UPenG of iPGA.

One-Pot, Two-Step, Two-Stage Synthesis: These experiments were conducted analogously to the 1P2S
schemes, with the exception that after the completion of the first step, the iPGA was removed from the
reaction using filtration.

3.4.5.2 HPLC Assay

All analyses were conducted using high performance liquid chromatography complete with a Shimadzu-LC-
20AT pump, Beckman Coulter Ultrasphere ODS 4.6 mmx25 cm column, and SPD-M20A prominence diode
array detector (PDA) monitored at 215 nm. Samples (100 puL) were diluted 10xinto 900 uL of HPLC quench
buffer (75% methanol, 25% 0.02 M potassium phosphate, pH 6.0). The sample (2 uL) was loaded onto the
column. A step change method was used with a 1 mL min~" flow rate. The initial mobile phase was 20%
methanol and 80% 0.02 mM phosphate buffer (pH 7). From 5.5-25 min the methanol was increased to 35%.
At 25 min, the methanol was returned back to 20% for the duration of the method of 35 min. All
components, D-PG, PAA, 6-APA, D-PGME, AMP and penG were detected using this method. Results were
normalized based on the penicillanic ring mass balance.
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3.4.7.1 Pénicillines de semisynthése

Apres centrifugation, le filtrat subit une centrifugation pour la production des pénicillines de semi-

synthese. Celle-ci s'effectue en 2étapes :
1-ere étape : hydrolyse
2-emeétape : modification de la chaine latérale (hémi-synthese.(

L'hémi-synthese a pour objectif de développer différentes pénicillines afin de remplacer certains
antibiotiques antérieurs devenus inefficaces a la suite de développement de résistances ou d'élargir le

spectre d'activité
de certaines pénicillines .

La modification chimique d'un précurseur biologique de la pénicilline a permis la synthese d'un grand

nombre de pénicillines semi- synthétiques.La semi-synthese des pénicillines comporte 2 étapes:

-Obtention de l'acide 6 amino-pénicillanique

-Acylation de I'acide 6 amino-pénicillanique

oExemple de la préparation de I'oxacilline : celle ci est obtenue a partir de

la pénicilline G

oObtention de l'acide 6 amino-pénicillanique : I'acide 6amino-pénicillanique est obtenu par une méthode

enzymatique:

sous l'action d'une enzyme :Pénicilline amidase, produite par E.coli, la pénicilline G s'hydrolyse pour

donner I'acide 6 amino-pénicillanique .

Celui ci subira ensuite une acylation[Fig. 17.[

oL'acylation se réalise avec des anhydrides mixtes, des chlorures
d'acides...etc.

L'oxacilline, par exemple, est obtenu par acylation

de I'acide 6 amino-pénicillanique par 1'ajout de chlorure d'acide [Fig.18.[
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3
lin by the use of 5-methyl-3-phenyl-4-isoxazole-
carbonyl chloride and cloxacillin by the use of 3-
methyl-3-(2-chlorophenyl)-4-isoxazole-carbonyl chlo-
ride and dicloxacillin by the use of 5-methyl-3-(2',6'-
dichlorophenyl)-4-isoxazole-carbonyl chloride and flu-
cloxacillin (floxacillin) by the use of 5-methyl-3-(2'-
chloro-6'-flucrophenyl)-4-isoxazole-carbonyl chloride
and indanyl carbenicillin by the use of 5-indanyl phe-
nylmalonyl chloride and 6-[D-a-(3-guanyl-1-ureido)-
phenylacetamido }-peniciltanic acid by the use of D-a-
(3-guanyl-1-ureido)phenylacetyl chloride hydrochio-
ride and levopropykillin by the use of (-)-2-
phenoxybutyryl chloride and sulfocillin (sulbenicillin;
sulfobenzylpenicillin) by the use of a-sulphophenyla-
cetyl chloride and azidocillin by the use of D-(-)-a-
azidophenylacetyl chloride and 3.4-dichloro-a-

10

4

methoxybenzylpenicillin by the use of 3,4-dichloro-a-
methoxyphenylacetyl chloride and 6-[D-m-chloro-p-
hydroxyphenylacetamido Jpenicillanic acid (U.S. Pat.
No. 3.489,746) by the use of D-(-)-2-m-chloro-p-
hydroxyphenylglycyl chloride hydrochloride and 6 -[D-
a-amino-(2-thienyl Jacetamido] penicillanic acid by the
use of D-(-)-a-(2-thienyl)-glycyl chloride hydrochlo-
ride and 6-[D-a-amino-(3-thienyl)acetamido] penicil-
lanic acid by the use of D-(-)-a-(3-thienyl)glycyl chlo-
ride hydrochleride.

The present invention is further illustrated specifi-
cally in terms of ampicillin and amoxicillin by Scheme
I below and the discussion and results which follow
Scheme L.
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The esterification of penicillin V potassium (1) in
methylene chloride solution at 25° with dimethyldi-
chlorosilane (DDS) in the presence of NN-
dimethylaniline gives rise to a mixture of monomer
ester {2) and dimer ester {3) (Scheme 1). Low levels of
DDS (0.60 moles/moles pen V) give predominantly
dimer ester (3), whereas high levels of DDS (0.9-1.t
moles/mole pen V) give rise to a mixture of both (2)
and (3); monomer ester predominating. In either case,
the esterification is essentially quantitative. Long term
stability studies indicate that the preferred technique
for esterification is to add all of the DMA required for
the cleavage (2.7-3.0 moles/mole pen V) to the sus-
pension of pen V K salt in methylene chloride, prior to
adding the DDS_ This esterification mixture shows no
tendency to underge degradation after 16 hours at 25°.
An examination of esterification mixtures (0.94 moles
DDS + 0.22 moles DMA/mole pen V) after 16 hours
showed approximately 99% degradation of the silyl ester
to a compound tentatively assigned as the O-silylated
amide, (8)

Me
0_si—Cl

ol s
CeHsOUHC=N— ] 'T‘
(=}
3 \co,sli_
Me
8

The treatment of the silylation mixture with phospho-
rous pentachloride (1.1-1.2 moles/mole Pen V) at
—40° gives rise to the chloroimide (4). After 2 hours
chlorination was quantitative and free from undesirable
side reactions. No degradation was observed after 8
hours at —40°.

The dropwise addition of precooled (—60°) anhy-
drous methanol to the chlorination mix {this order of
addition is preferred), maintaining the temperature at
--50°, produces the imino ether hydrochloride free acid
(5) after 1-2 hours reaction time at —50°. The aicohol-
ysis reactions of the chlorimide and the silyl ester are
quantitative and also free from any undesirable side re-
actions; the latter reaction occurring within 10-15 min-
utes at —50°. ’

The addition of 2.5-3% water by volume of methyl-
ation mix at —50° rapidly (e.g. within 5 minutes)
cleaves the imino ether to 6-APA and methy phenox-
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yacetate. This reaction is nearly quantitative. In addi-
tion, there is no evidence to suggest that g-lactam
breakage occurs during this step. Empirical data have
shown that no loss of 6-APA occurs over 16 hours in
this hydrolysis mix if it is stored that leng.

The overall conversion of penicillin V to 6-APA in
this process approaches 98-99%. Residual penicillin V
assays of spent mother liquors are generally under 1%.

The resulting solution of 6-APA is treated with DM A
at —50°, followed by the addition of D-(-)-phenylglycyl
chloride hydrochloride (PGH) at —40°, After aqueous
quench and workup via NSA/MILA, pure ampicillin
trihydrate is produced in yields of 68—80% overall from
penicillin V K salt.

Further laboratory investigations were then carried
out by hydrolyzing methylation mix {prepared by add-
ing chlorimide to methanol) with 6volume percent
water at —45°, followed by acylation at this tempera-
ture with varying levels of DMA and PGH. Table | sum-
marizes the effects of base and acid chloride on in-
sobution yields of ampicillin.

It appeared that the best conditions for acylation in-
volved the use of 6-6.2 eq. of DMA and 1.1-1.3 eq.
PGH {run numbers 9 and [0} at —45°. These conditions
gave rise to 69-72% of ampicillin in solution. Higher
mole ratios of PGH (run numbers 4, 8, 12, 16) appar-
ently resuited in over acylation of 6-APA (acylation of
ampicillin}), whereas lower levels of both DMA and
PGH apparently resulted in incomplete acylation of the
6-APA (run numbers 1-4).

A study of the effect of temperature on in solution
yields of ampicillin was also carried out using the
DMA/PGH levels described in Run No. 10 (Table 1).
In these instances, methylation mix was prepared from
known potency pen V K salt via esterification with
DDS, chlorination with phosphorous pentachloride and
by the addition of 25 eq. of methanol to the chlorimide.
maintaining the addition temperature below —50° The
single phase methylation mix was hydrolyzed at —50°
with 2.6% water based on the volume of the methyl-
ation mix, and acylated at the temperatures described
in Table II1.

TABLE I
The Effect of DMA and PGH Levels on Ampicillin

Yields in Selution
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TABLE I—Continued
Run Moles of Moles of Calculated'
No. DMA added PGH added % Ampi Free
' for for Acid in Soln.?
. Acylation Acylation

1 4.0 1.1 254

2 4.2 1.3 21.9

3 4.4 1.5 26.0

4 . 4.6 1.7 14.7

5 5.0 1.1 38.7

6 5.2 1.3 40.1

7 5.4 1.5 50.0

8 5.6 1.7 40.2

9 6.0 1.1 69.6
10 6.2 1.3 71.6
11 6.4 1.5 67.2
12 6.6 1.7 54.7
13 7.0, 1.1 59.4
i4 7.2 1.3 63.2
15 7.4 1.5 66.0
16 7.6 1.7 61.1
17 8.0 1.1 61.8
18 8.2 1.3 65.6

1A 2.0 ml. aliquot was taken from the acylation mix, stripped in vacuo, diluted to
20 mls. with pH 7.00 phosphate buffer and sent for bioassay. Yields are not
corrected for input pen V polency.

2% Ampicillin in Solution =

{Bioassay mcg/ml) (20 mls.) (Vo]uh\e of Acylation mix)

{2 mls.) ( 1000 mcg/mg) (1000 mg/gm) (Theoretical Yid < 100
in gms)
TABLE 11
The Effect of Temperature on Ampicillin
Yields in Solution!
Moles of Moles of

Run DMA for PGH for | Acylation % Ampi
No. Acylation Acylation Temperature in Seln.
19 6.2 1.3 —50° C. 81.0
20 6.2 1.3 —40° C. 88.9
21 6.2 1.3 =30°C. 85.5
22 6.2 1.3 —20° C. B85.5
23 6.2 1.3 —10° C. 87.5

'Yields are corrected far input pen V potency.

Somewhat higher yields were noted at temperatures
above —50° (Run Nos. 20-23). Interestingly, the rate of
dissolution of the acid chloride was virtually instanta-
neous at —10°, whereas it requires 20 minutes at —50°.

Bioassay data tend to indicate that better yields of
ampicillin are obtained using the controlled addition of
25 ea. of methanol to chlorimide (compare bio yields
in Table I with Table 1I). Thus, several isolation varia-
tions were carried out using this methylation technique,
some of which are illustrated in Table III.

TABLE Ill
Isolation Conditions and Yields
of Ampicillin Trihydrate*

Chem Method

Run Assay % of Yield % of
No in mcg/mg Theory in gms. Yid. Isoln.
24 853:836 98.7 a7 70 i
25 R10:811 03.8 15.8 76 1

26 817:812 94.1 5.4 17 20
27 848:855 98.3 16.6 79 2

28 849:853 98.3 66.6 68 2

29 820 94.7 12.2 50 3°

*Yields are not corrected for purity.

“DMA removed by vacuum distillation at pH 7 (3.0N NaQH used for pH
adjustment); NSA/MILA.

‘DMA removed by extraction (MIBK) at pH 7.(6N NH,OH used for pH
adjustment); NSA/MILA,

‘DMA removed by extraction (MIBK) a1t pH 7 (6N NH,0OH used for pH
adjustment} direct cryﬁlalllzamm of ampicillin by pH adjustment.
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Workup in all cases consisted of aqueous quench of
acylation mix at 0-5°. No emulsions were observed at
this stage. The organic layer was removed and the
aqueous was processed as follows:

Isolation method 1 involved adjustment of the rich
aqueous with 3 N sodium hydroxide to pH 7-7.5. In ad-
dition to encountering an emulsion, a gummy solid pre-
cipitated during this step which was removed with diffi-
culty via diatomaceous earth (‘‘Dicalite”) treatment
and filtration. The formation of this solid, however, was
precluded by continuous pH adjustment at pH 7.5, but
pH control was difficult. The two phase mix (DMA and
aqueous) was concentrated at 50° in vacuo to complete
DMA removal. Slow acidification with aqueous
(-naphthalenesulfonic acid (NSA) gave ampicillin
NSA salt. The conversion of the wet NSA cake to ampi-
cillin trihydrate using MIBK-LA-1 resin (MILA) gave
yields up to 70-75% of good quality product.

Isolation method 2 involved adjustment of the rich
aqueous with 6 N ammonium hydroxide to pH 7-7.5 in
the presence of MIBK. An amorphous solid was found
in addition to an emulsion, but was easily removed by
filtration with added "*Dicalite”. The MIBK layer con-
taining DMA was removed and the clean aqueous pro-
cessed via NSA/MILA to good quality ampicillin trihy-
drate.

Method 3 consisted of removal of the DMA by sol-
vent extraction (MIBK) at pH 7-7.3 (6 N ammonium
hydroxide used for pH adjustment), followed by direct
crystallization of the ampicillin by pH adjustment. The
yields were considerably lower (Table 3) using this
technique.

Either of these three methods is capable of yielding
good quality ampicillin trihydrate in reasonably good
yields from penicillin V Method 2 has thus far pro-
cessed most smoothly of the three methods.

The acylation to ampicillin was also investigated
using other bases such as triethylamine, imidazole and
pyridine. The yields respectively in each case (bicassay
of acylation mix) under best conditions were 55% (6.5
eq. TEA, 1.4 eq. PGH), 27.2% (5 eq. imidazole, 1.1 eq.
PGH) and 30% (20 eq. pyridine, 1.1 eq. PGH). These
yields were all lower than those obtained using DMA.

Using the best conditions thus far obtained, an acyla-
tion of the resulting solution of 6-APA with D-(-)}-2-(4-
hydroxyphenyl)glycyl)chloride hydrochloride
PHPGH) was examined at ~-40° using 6.2 eq. DMA/1.3
eq. PHPGH. Bioassay data indicated yields of amoxicil-
lin in solution approaching 85% average on three occa-
sions.

The silyl esters of the process of the present invention
are made, for example, by the use of such agents as are
described in U.S. Pat. Nos. 3,499,909, 3,249,622,
3,654,266, 3,678,037, 3,741,959 and 3,694,437, e.g.,
trimethyl chlorosilane, hexamethyl disilazane, triethyl
chlorosilane, methyl trichiorosilane, dimethyl di-
chlorosilane, triethyl bromosilane, tri-n-propyl chloro-
silane, bromomethy] dimethyl chlorosilane, tri-n-butyl
chlorosilane, methyl diethyl chlorosiiane, dimethyl
ethyl chlorosilane, phenyl dimethy! bromosilane, ben-
zyl methyl ethyl chlorosilane, phenyl ethyl methyl chlo-
rosilane, triphenylchlorosilane, triphenyt fluorosilane,
tri-o-tolyl chlorgsilane, tri-p-dimethylaminophenyl
chlorosilane, N-ethyl triethylsilylamine, hexaethyl
disilazane, triphenyl silylamine, tri-n-propyl silylamine,
tetracthyl dimethyl disilazane, tetramethyl diethyl
disilazane, tetramethyl diphenyl disilazane, hexaphenyl
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inoculum
Penicillivm
chy /notatum charcoal
' Production medium: amylacetate  treatment
Carbohvdrate (Glucose)
Precursor(Phenyl acetic acid) cell free broth

lactose (Beet molasse)

- containing penicillin
corn steep liquor

P-1/5SR-101
Seed Reactor

P-1/SR-101

remaining cells
Process sequence:

1. Sterilizing Production
media

2. putting inoculmm

3. waiting 7 days

4. addition of amvlacetate
(for extraction of cell free
broth)

5. removing cell free
broth to another vessel
6.charcoal treatment for
puriﬁcation

7.sodium acetate for
cr}-'sta]lization

8.filtation

9.addition ethanol
10.filtation

11.acyclase treatment+ IPTG for
removing side chaine

12.addition AFH for ampici]]jn

praduction
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ampicillin
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Seed Reactor

System Design (Ampicillin Pilot Production Plant Design)
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treatment + IPTG

matural

penicillin
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Blending / Storage Blending / Sterage
6APA
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5 MEGBI-APP Process Control System

5.1 Automatic Valves: Conception

5.1.1 Preliminary Design of Automatic Control Valve
bo-Ansicht
wdell | Aufgaben

reichnungen & Eigenschaften

slikation
# 170717_13R-B-D-Ch-CH-M neuereeee
@ zylinder001
a Zylinder
b @ Pocket001
= Helix001
= Helix
4 @ R-B-D-Ch-CH-M-S-s
4 @ R-B-D-CH-CH-M-S
» @ Pado04
> @ Pado03
4 @ M-R-CH-CH-B-D
4 @ M-R-CH-B-D

|enschaft Wert

el

170717_13R-B-D-Ch
-CH-M neuereeee.FC

5.1.2 Alternative 1: DC Motor for automatic valves

from www.cnclablb.com: Metal DC Geared Motor - 12V 50RPM
9kg.cm rated torque, Price : 15.95$, Serial number : ACT0022
Description: This is a metal DC geared motor, 100% pure copper coils,

high-density molecular layer, 100:1 metal reducer, small size, large torque.

The maximum torque could arrive 50 kg.cm, stable and durable!

Specification: Rated voltage: 12 V, Gear reduction ratio:  100:1, D output shaft diameter: 6 mm, No-
load speed: 50 RPM @ 12 v, No-load current:  0.17 A, Rated speed: 45 RPM @ 12 v, Current rating;:
0.68 A, Rated torque: 9 kg.cm, Locked-rotor torque: 50 kg.cm, Locked-rotor current:  2.19 A, Power:
5W, Weight: 210 g, Shipping List: Metal DC Geared Motor - 12V 50RPM 50kg.cm x1

5.1.3 Alternative 2: Stepper Motor

From www.cnclablb.com

from  www.cnclablb.com:  Bipolar
Stepper Motor with Planet Gear Box
(18kg.cm), Price : 40$, Serial number :
ACTO0017, """needs additional drive!!!
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5.1.4 Alternative3: Servo

5.1.4.1 Low Cost Servo

from www.cnclablb.com:

Metal Gear Servo TowerPro MG995 Servo -
9kg, Price : 8%

Serial number : ACT0005

Description:

Modulation: Digital, Torque: 4.8V: 130.54 oz-
in (9.40 kg-cm) 6.0V: 152.76 oz-in (11.00 kg-
cm)

Speed: 4.8V: 0.20 sec/60° 6.0V: 0.16 sec/60°,
Weight: 1.94 0z (55.0 g),
Dimensions:Length:1.60 in  (40.7 mm),
Width:0.78 in (19.7 mm), Height:1.69 in (42.9

mm)

5.1.4.2 High cost Servo

DF15MG Tilt/Pan Kit, Price : 47.5$, Mark :
DFRobot, Serial number : FIT0046
This is a 2DOF Pan and Tilt Kit assembly for

horizontal surface mount. It equipped with a
DF15MG servo which offers 15 kg high-torque
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5.2 Actual Motorized Valve Implementation
5.2.1 Hardware and Electronics

5.2.1.1 Adopted Motor: Low Cost Servo (Alternative 3 (Low Cost Variante)

The adopted motor is the TowerPro MG995 DC Servo Motor with the following specs:
e Modulation: Digital
e Torque: 4.8V:9.40 kg-cm 6.0V: 11.00 kg-cm
e Speed: 4.8V:0.20 sec/60° 6.0V: 0.16 sec/60°

o Weight: 1.94 0z (55.0 g)

>

¢ Dimensions:Length:1.60 in (40.7 mm)
e  Width:0.78 in (19.7 mm) Figure 5-1 — TowerPro MG995

e Height:1.69 in (42.9 mm)

e LINK - CNC LAB Shop
The adopted motor provides the required torque to turn the ball valve.

A set of 18 servos are used with a control unit shown in 6.2.2 to allow opening and closing of 18 ball

valves.

5.2.1.2 Motor Controller and Interfaces
To accommodate 18 servo motors and ensure best response the Arduino Mega 2560 was chosen for

the following reasons:

¢ Enough PPM capable IO count to control the servos. The Arduino Mega 2560 allows control

of 48 Servo motors while most of other Arduino boards allow control of only 12 servos max.

e Availability of an IO shield that makes powering and connecting all the servos much more

convenient and much less time consuming.

Figure 5-2 — Arduino Mega - LINK

Figure 5-3 — Mega Sensor Shield - LINK

Interfacing between MEGBI python GUI and the servos can be accomplished in two ways:

a. Via Digital input signals on the Arduino Shield.
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b. Via Communication through the Arduino USB port.
Digital interface mode and communication mode can be used at the same time if necessary.

The following IO map illustrates the IO allocation for the servos and the digital inputs on the
Arduino Shield:

VAVLE ID COMMAND PIN SERVO PIN
(ARDUINO INPUT) (ARDUINO OUTPUT)
1 DIO 33 DIO 14
2 DIO 34 DIO 15
3 DIO 35 DIO 16
4 DIO 36 DIO 17
5 DIO 37 DIO 18
6 DIO 38 DIO 19
7 DIO 39 DIO 20
8 DIO 40 DIO 21
9 DIO 41 DIO 22
10 DIO 42 DIO 23
11 DIO 43 DIO 24
12 DIO 44 DIO 25
13 DIO 45 DIO 26
14 DIO 46 DIO 27
15 DIO 47 DIO 28
16 DIO 48 DIO 29
17 DIO 49 DIO 30
18 DIO 50 DIO 31
HERFENENEN I s NN A Co 0 old
W A »
a1 e
VUM UUUVNUUMD I .. oo
alnisinjnjnininings ‘.o -
S T DOOO OO
y MMUMULDVMNUU UM
MMUUUMNULNVNUEUUU UM
B MMUUUVUUUUVUVNVUMUUVUVUUM
| MMUUNMUVBUVNUVUUVUMUAY
MUUUUOUUNUNOUU VMU
MUEMUUUUVUUVUUBNUUUUUUL
Sl slalsiainiaialeioinioiole

Figure 5-4 — Inputs and Outputs Allocation

The digital input mode of control allows closing and openning the valves by set or clearing the

corresponding DIO respectively.
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On the other hand, controlling the valves via USB communication with Arduino is implemented in

an example Python code using a couple of Python classes discussed in more details in part 6.2.2.

5.2.1.3 Power Management

One of the reasons of choosing Arduino Mega IO shield was powering the motors as mentioned

earlier, as 18 Servo motors can consume a hefty amount of power.

Each servo motor can consume up to 1.2 Amps at 5V at certain moments when closing or openning

the valves. Thus in terms of power management the following mesures were taken:

e The IO shield allows powering the servos from a separate power connector (Green screw
terminal in Fig6-4) thus isolating the limited Arduino regulator from motors consumption

and ensuring microcontroller chip performance and functionality.

e Within the Arduino Firmware, precautions were taken so that the servos are only consuming
power while opening or closing and for a limited time beyond that. After the time delay of a

motor’s activity the motor is powered down to cut its consumption to almost zero Amps.

Having mentioned the above points, selecting the motors power supply is highly related to the
number of motors that are expected to be active simultaneously. For example, if the automatic mode
of the plant requires that 6 motors have to be active at a certain moment; and active means is
currently in the process of opening or closing; then the power supply should be a 5 VDC with at
least 6 x 1.2A =7.2 Amps.

The arduino board itself can be powered either by a USB cable connected to PC or by any standard
wall adapter with voltage between 7.4V and 12V.

5.2.2 Firmware and Software

5.2.2.1 Arduino Firmware

The Arduino controller is loaded with a firmware featuring the following: =8

ArduinoSourceCode.zip

e Control of 18 Servo motors with preset positions for closed and opened

valve.
e Digital Input control for all 18 valves.

e Communication protocol class for two way communication with Python
GUI on PC.

e Power management for all motors.

The firmware was developed by CNC LAB. The code is developed with

maintenance and scalability in mind.

CommandMessanger.h
/*

CmdMessenger - library that provides command based messaging
Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to

131




MEGBI-APP Process Control System

permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

*/

#ifndef CmdMessenger h

#define CmdMessenger h

#include <inttypes.h>

#1if ARDUINO >= 100

#include <Arduino.h>

#else

#include <WProgram.h>

#endif

//#include "Stream.h"

extern "C"

// callback functions always follow the signature: void cmd(void) ;

typedef void(*messengerCallbackFunction) (void);

}

#define MAXCALLBACKS 50 // The maximum number of commands (default: 50)

#define MESSENGERBUFFERSIZE 64 // The length of the commandbuffer (default: 64)
#define MAXSTREAMBUFFERSIZE 512 // The length of the streambuffer (default: 64)
#define DEFAULT TIMEOUT 5000 // Time out on unanswered messages. (default: 5s)
// Message States

enum

{

kProccesingMessage, // Message is being received, not reached command separator
kEndOfMessage, // Message is fully received, reached command separator
kProcessingArguments, // Message is received, arguments are being read parsed

I3

#define white space(c) ((c) =
#define valid digit(c) ((c)

UL (o) == "\t)
= '0" && (c) <= '9")

vV

class CmdMessenger

{

private:

// **** Private variables ***

bool startCommand; // Indicates if sending of a command is underway

uint8 t lastCommandId; // ID of last received command

uint8 t bufferIndex; // Index where to write data in buffer

uint8 t bufferLength; // Is set to MESSENGERBUFFERSIZE

uint8 t bufferLastIndex; // The last index of the buffer

char ArglastChar; // Bookkeeping of argument escape char

char CmdlastChar; // Bookkeeping of command escape char

bool pauseProcessing; // pauses processing of new commands, during sending
bool print newlines; // Indicates if \r\n should be added after send command
char commandBuffer[MESSENGERBUFFERSIZE]; // Buffer that holds the data

char streamBuffer[MAXSTREAMBUFFERSIZE]; // Buffer that holds the data
uint8 t messageState; // Current state of message processing

bool dumped; // Indicates if last argument has been externally read

bool ArgOk; // Indicated if last fetched argument could be read

char *current; // Pointer to current buffer position

char *last; // Pointer to previous buffer position

char prevChar; // Previous char (needed for unescaping)

Stream *comms; // Serial data stream

char command separator; // Character indicating end of command (default: ';")
char field separator; // Character indicating end of argument (default: ',')
char escape character; // Character indicating escaping of special chars
messengerCallbackFunction default callback; // default callback function

messengerCallbackFunction callbackList[MAXCALLBACKS]; // list of attached callback
functions
// **** Initialize ***x*
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void init(Stream & comms, const char fld separator, const char cmd separator, const char
esc_character);

void reset();

// **** Command processing ****

inline uint8 t processLine(char serialChar) attribute ((always_inline));

inline void handleMessage() attribute ((always inline));

inline bool blockedTillReply(unsigned int timeout =DEFAULT TIMEOUT, byte ackCmdId = 1)
__attribute ((always inline));

inline bool checkForAck(byte AckCommand) attribute ((always_inline));

// **** Command sending ****

/‘k*

* Print variable of type T binary in binary format

*/

template <class T >

void writeBin(const T & value)

{

const byte *bytePointer =(const byte *)(const void *)&value;

for (unsigned int i =0;1i <sizeof(value); i++)
{

printEsc(*bytePointer);

bytePointer++;

}

// **** Command receiving ****

int findNext(char *str, char delim);

/‘k*

* Read a variable of any type in binary format
*/

template <class T >

T readBin(char *str)

{

T value;

unescape(str);

byte *bytePointer = (byte *)(const void *)&value;
for (unsigned int i =0;i <sizeof(value); i++)

{

*bytePointer = str[i];

bytePointer++,

}

return value;

}

template <class T >
T empty()

T value;

byte *bytePointer =(byte *)(const void *)&value;
for (unsigned int i =0;i <sizeof(value); i++)

{

*bytePointer = '\0"';

bytePointer++;

}

return value;

// **** Escaping tools ****

char *split_r(char *str, const char delim, char **nextp);

bool isEscaped(char *currChar, const char escapeChar, char *lastChar);
void printEsc(char *str);

void printEsc(char str);

public:

J// Fx**xk% Public functions ****x**

// **** Initialization ****

CmdMessenger(Stream & comms, const char fld separator ="', "',

const char cmd separator =';"',

const char esc character ='/");
void printLfCr(bool addNewLine =true);
void attach(messengerCallbackFunction newFunction);
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void attach(byte msgId, messengerCallbackFunction newFunction);
// **** Command processing ****

void feedinSerialDatal();

bool next();

bool available();

bool 1isArgok();

uint8 t commandID();

// **** Command sending ****

/**

* Send a command with a single argument of any type

* Note that the argument is sent as string

*/

template <class T >

bool sendCmd(byte cmdId, T arg, bool regAc =false, byte ackCmdId =1,
unsigned int timeout = DEFAULT TIMEOUT)

if startCommand) {

sendCmdStart(cmdId);

sendCmdArg(arg);

return sendCmdEnd(regAc, ackCmdId, timeout);

}

return false;

}

/‘k‘k

* Send a command with a single argument of any type
* Note that the argument is sent in binary format
*/

template <class T >

bool sendBinCmd(byte cmdId, T arg, bool regAc =false, byte ackCmdId =1,
unsigned int timeout = DEFAULT TIMEOUT)

{

if ({startCommand) {

sendCmdStart(cmdId);

sendCmdBinArg(arg);

return sendCmdEnd(regAc, ackCmdId, timeout);

return false;

}

bool sendCmd(byte cmdId);

bool sendCmd(byte cmdId, bool regAc,byte ackCmdId);

// **** Command sending with multiple arguments ***x*

void sendCmdStart(byte cmdId);

void sendCmdEscArg(char *arg);

void sendCmdfArg(char *fmt, ...);

bool sendCmdEnd(bool regAc =false, byte ackCmdId = 1, unsigned int timeout =
DEFAULT_TIMEOUT);

Jxx
* Send a single argument as string

* Note that this will only succeed if a sendCmdStart has been issued first
*/

template <class T >void sendCmdArg(T arg)

{

if (startCommand) {

comms->print(field separator),

comms->print(arg);

}

}

/**

* Send a single argument as string with custom accuracy

* Note that this will only succeed if a sendCmdStart has been issued first
*/

template <class T >void sendCmdArg(T arg, unsigned int n)

{

if (startCommand) {

comms->print(field separator);

comms->print(arg, n);

}
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}

/**

* Send double argument in scientific format.

* This will overcome the boundary of normal d sending which is limited to abs(f)
MAXLONG

*/

void sendCmdSciArg(double arg, unsigned int n =6);

/**

* Send a single argument in binary format

* Note that this will only succeed if a sendCmdStart has been issued first
*/

template <class T >void sendCmdBinArg(T arg)

{

if (startCommand) {

comms->print(field separator);

writeBin(arg);

}

}

// **** Command receiving ****

bool readBoolArg();

intl6_t readIntl6Arg();

int32 t readInt32Arg();

char readCharArg();

float readFloatArg();

double readDoubleArg();

char *readStringArg();

void copyStringArg(char *string, uint8 t size);
uint8 t compareStringArg(char *string);

/**

* Read an argument of any type in binary format
*/
template <class T >T readBinArg()

{

if (next()){

dumped =true;

return readBin <T >(current);
}

else {

return empty <T >();

}

// **** Escaping tools ****

void unescape(char *fromChar);

void printSci(double f,unsigned int digits);
¥

#endif

CommandMsg.cpp
/*

CmdMessenger - library that provides command based messaging
Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
Initial Messenger Library - Thomas Ouellet Fredericks.
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CmdMessenger Version 1 - Neil Dudman.
CmdMessenger Version 2 - Dreamcat4.
CmdMessenger Version 3 - Thijs Elenbaas.
3.6 - Fixes

- Better compatibility between platforms
Unit tests

3.5 - Fixes, speed improvements for Teensy
3.4 - Internal update
3.3 - Fixed warnings

Some code optimization

3.2 - Small fixes and sending long argument support
3.1 - Added examples

3.0 - Bugfixes on 2.2

- Wait for acknowlegde

- Sending of common type arguments (float, int, char)
- Multi-argument commands

- Escaping of special characters

- Sending of binary data of any type (uses escaping)
*/

extern "C" {

#include <stdlib.h>

#include <stdarg.h>

}

#include <stdio.h>

#include "CmdMessenger.h"

#define CMDMESSENGER VERSION 3 6 // software version of this library
// **** Initialization ****

/**

* CmdMessenger constructor

*/

CmdMessenger::CmdMessenger(Stream &ccomms, const char fld separator, const char
cmd_separator, const char esc_character)

{

init(ccomms,fld_separator,cmd_separator,esc_characterx
}

/**

* Enables printing newline after a sent command
*/

void CmdMessenger::init(Stream &ccomms, const char fld separator, const char cmd separator
const char esc_character)

{

default callback = NULL;

comms = &ccomms;

print newlines =false;

field separator = fld separator,

command separator =cmd separator;

escape character =esc character;,

bufferLength =MESSENGERBUFFERSIZE
bufferLastIndex = MESSENGERBUFFERSIZE - 1;
reset();

default callback = NULL;

for (int 1 =0; 1 <MAXCALLBACKS; i++)
callbackList[i] = NULL;

pauseProcessing =false;

}

/**

* Resets the command buffer and message state
*/

void CmdMessenger::reset()

{

bufferIndex =0;

current = NULL;

last = NULL;

dumped =true;

}

/**

* Enables printing newline after a sent command
*/
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void CmdMessenger:.printLfCr(bool addNewLine)

{

print newlines = addNewLine;

}

/**

* Attaches an default function for commands that are not explicitly attached
*/

void CmdMessenger:.attach(messengerCallbackFunction newFunction)

{

default callback =newFunction;

}
/**

* Attaches a function to a command ID

*/

void CmdMessenger:attach(byte msgld, messengerCallbackFunction newFunction)
{

if (nsgId >=0 && msgId <MAXCALLBACKS)

callbackList[msgId] = newFunction;

// **** Command processing ****

/**

* Feeds serial data in CmdMessenger
*/

void CmdMessenger::feedinSerialData()

while (lpauseProcessing && comms->available())

{// The Stream class has a readBytes () function that reads many bytes at once. On
Teensy 2.0 and 3.0, readBytes() is optimized.

// Benchmarks about the incredible difference it makes:
http://www.pjrc.com/teensy/benchmark usb serial receive.html

size t bytesAvailable =min(comms->available(), MAXSTREAMBUFFERSIZE),
comms->readBytes(streamBuffer, bytesAvailable);

// Process the bytes in the stream buffer, and handles dispatches callbacks, if
commands are received

for (size_t byteNo =0;byteNo <bytesAvailable; byteNo++)

{

int messageState =processLine(streamBuffer[byteNo]);

// If waiting for acknowledge command

if (nessageState == kEndOfMessage)

{

handleMessage();

}

}

}

}

/**

* Processes bytes and determines message state
*/

uint8 t CmdMessenger:iprocessLine(char serialChar)
{

messageState = kProccesingMessage;

//char serialChar = (char)serialByte;

bool escaped = isEscaped(&serialChar, escape character, &CmdlastChar);
if ((serialChar == command separator) && lescaped) {

commandBuffer[bufferIndex] = 0;
if (bufferIndex >0){
messageState = kEndOfMessage;
current = commandBuffer;
CmdlastChar = '"\0"';

}

reset();

}

else {

commandBuffer[bufferIndex] = serialChar;
bufferIndex++;

if bufferIndex >=bufferLastIndex) reset();
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}

return messageState;

}

/**

* Dispatches attached callbacks based on command

*/

void CmdMessenger::handleMessage()

{

lastCommandId = readIntl6Arg();

// 1f command attached, we will call it

if (lastCommandId >= 0 && lastCommandId < MAXCALLBACKS && ArgOk &&
callbackList[lastCommandId] != NULL)
(*callbackList[lastCommandId])();

else // If command not attached, call default callback (if attached)
if (default callback !=NULL) (*default callback)();

}

/**

* Waits for reply from sender or timeout before continuing

*/

bool CmdMessenger::blockedTillReply(unsigned int timeout, byte ackCmdId)
{

unsigned long time =millis();

unsigned long start = time;

bool receivedAck =false;

while ((time - start) < timeout && lreceivedAck){

time =millis();

receivedAck = checkForAck(ackCmdId);

}

return receivedAck;

}

/*‘k

* Loops as long data is available to determine if acknowledge has come in
*/

bool CmdMessenger::checkForAck(byte ackCommand)

while (comms->available()) {

//Processes a byte and determines if an acknowlegde has come in
int messageState =processLine(comms->read());

if (nessageState == kEndOfMessage) {

int id = readIntl6Arg();

if (ackCommand == id && ArgOk) {

return true;

}

else {

return false;

}

return false;

}

return false;

}

/**

* Gets next argument. Returns true if an argument is available
*/

bool CmdMessenger::next()

{

char * temppointer = NULL,;

// Currently, cmd messenger only supports 1 char for the field seperator
switch (messageState) {

case kProccesingMessage:

return false;

case kEndOfMessage:

temppointer = commandBuffer;

messageState = kProcessingArguments;

default:

if (dumped)

current =split r(temppointer, field separator, &last);
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if (current !'=NULL) {
dumped =true;

return true;

}

}

return false;

}

/**

* Returns if an argument is available. Alias for next ()
*/

bool CmdMessenger::available()

{

return next();

}

/**

* Returns i1f the latest argument is well formed.
*/

bool CmdMessenger::isArgOk()

{

return ArgOk;

}

/**

* Returns the commandID of the current command
*/

uint8 t CmdMessenger::commandID()

{

return lastCommandId;

// **** Command sending ****

/**

* Send start of command. This makes it easy to send multiple arguments per command
*/

void CmdMessenger::sendCmdStart(byte cmdId)

{

if lstartCommand) {

startCommand =true;

pauseProcessing =true;
comms->print(cmdId);

}

}

/*‘k

* Send an escaped command argument

*/

void CmdMessenger::sendCmdEscArg(char* arg)
{

if (startCommand) {

comms->print(field separator),
printEsc(arg);

}

}

J*x

* Send formatted argument.

* Note that floating points are not supported and resulting string is limited to 128 chars
*/

void CmdMessenger::sendCmdfArg(char *fmt, ...)
{

const int maxMessageSize = 128;

if (startCommand) {

char msg[maxMessageSize];

va_ list args;

va_start(args, fmt);

vsnprintf(msg, maxMessageSize, fmt, args);
va_end(args);

comms->print(field separator);
comms->print(msg);

}

}
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/**

* Send double argument in scientific format.

* This will overcome the boundary of normal float sending which is limited to abs(f) <=
MAXLONG

*/

void CmdMessenger::sendCmdSciArg(double arg, unsigned int n)

{

if (startCommand)

{

comms->print(field separator),

printSci(arg, n);

}

}

/**

* Send end of command

*/

bool CmdMessenger::sendCmdEnd(bool regAc, byte ackCmdId, unsigned int timeout)
{

bool ackReply =false;

if (startCommand) {
comms->print(command_separator);

if (print newlines)

comms->println(); // should append BOTH \r\n

if (reqac){

ackReply =blockedTillReply(timeout, ackCmdId);
}

}

pauseProcessing = false;
startCommand = false;
return ackReply;

}

/**

* Send a command without arguments, with acknowledge

*/

bool CmdMessenger::sendCmd(byte cmdId, bool regAc,byte ackCmdId)
i{f (!startCommand) {

sendCmdStart(cmdId);

return sendCmdEnd(regAc, ackCmdId, DEFAULT TIMEOUT);

}

return false;

}

/**

* Send a command without arguments, without acknowledge
*/

bool CmdMessenger::sendCmd(byte cmdId)

{

if !startCommand) {

sendCmdStart(cmdId);

return sendCmdend(false, 1, DEFAULT TIMEOUT);

}

return false;

// **** Command receiving ****

/**

* Find next argument in command

*/

int CmdMessenger:: findNext(char *str, char delim)
{

int pos =0;

bool escaped =false;

bool EOL =false;

ArglastChar = '"\0';

while (true) {

escaped = isEscaped(str, escape character, &ArglastChar);
EOL =(*str == '\0"' && lescaped);

if (EoL) {
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return pos;

}

if (*str == field separator && lescaped){

return pos;

}

else {

str++;

pos++]

}

}

return pos;

}

/**

* Read the next argument as int
*/

intl6 t CmdMessenger:readIntl6Arg()

{

if (next()){

dumped =true;

ArgOk =true;

return atoi(current);

}

ArgOk = false;

return 0;

}

/**

* Read the next argument as int
*/

int32 t CmdMessenger:readInt32Arg()

{

if (next(){

dumped =true;

ArgOk =true;

return atol(current);

}

ArgOk = false;

return 01

}

/**

* Read the next argument as bool
*/

bool CmdMessenger::readBoolArg()
{

return (readIntl6Arg() !=0) ? true: false;

}

/**

* Read the next argument as char
*/

char CmdMessenger::readCharArg()

{

if (next()){
dumped =true;
ArgOk =true;
return current[0];
}

ArgOk =false;
return 0;

}
/**

* Read the next argument as float
*/

float CmdMessenger::readFloatArg()
{

if (next()){

dumped =true;

ArgOk =true;
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//return atof (current);

return strtod(current, NULL);

}

ArgOk = false;

return 0;

}

/**

* Read the next argument as double
*/

double CmdMessenger::readDoubleArg()

{

if (next()) {

dumped =true;

ArgOk =true;

return strtod(current, NULL);

}

ArgOk =false;

return 0O;

}

/**

* Read next argument as string.
* Note that the String is wvalid until the current command is replaced
*/

char* CmdMessenger::readStringArg()

{

if (next()){
dumped =true;
ArgOk =true;
return current;

}

ArgOk = false;
return '\0"';

}

/**

* Return next argument as a new string
* Note that this is useful if the string needs to be persisted
*/

void CmdMessenger:icopyStringArg(char *string, uint8 t size)

{

if (next()){

dumped =true;

ArgOk =true;

strlcpy(string, current, size);

}

else {

ArgOk =false;

if (size) string[0] = "\0";

}

}

/**

* Compare the next argument with a string
*/

uint8 t CmdMessenger:icompareStringArg(char *string)

{

if (next()){

if (stremp(string, current) == 0) {
dumped =true;
ArgOk =true;
return 1;

}

else {

ArgOk =false;
return 0;

}

}

return 0;

}
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// **** Escaping tools ****

/**

* Unescapes a string

* Note that this is done inline
*/

void CmdMessenger:iunescape(char *fromChar)

// Move unescaped characters right
char *toChar = fromChar;

while (*fromChar != '\0"){

if *fromChar == escape character){
fromChar++;

}

*toChar++ = *fromChar++;

// Pad string with \0 if string was shortened

for (; toChar < fromChar; toChar++) {

*toChar = '\0";

}

}

/**

* Split string in different tokens, based on delimiter

* Note that this is basically strtok r, but with support for an escape character
*/

char* CmdMessenger::split_r(char *str, const char delim, char **nextp)

{

char *ret;

// 1f input null, this is not the first call, use the nextp pointer instead
if (str == NULL) {

str =*nextp;

}

// Strip leading delimiters
while (findNext(str, delim) == 0 && *str){
str++,

}

// If this is a \0 char, return null
if (*str == "\0"){
return NULL;

// Set start of return pointer to this position
ret =str;

// Find next delimiter

str += findNext(str, delim);

// and exchange this for a a \0 char. This will terminate the char
if (*str){

str++="\0";

}

// Set the next pointer to this char

*nextp = str;

// return current pointer

return ret;

}

/xx

* Indicates if the current character is escaped

*/

bool CmdMessenger::isEscaped(char *currChar, const char escapeChar, char *lastChar)
{

bool escaped;

escaped = (*lastChar ==escapeChar);

*lastChar =*currChar;

// special case: the escape char has been escaped:
if *lastChar ==escape character && escaped) {
*lastChar = '"\0"';

}

return escaped;

}
/**
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* Escape and print a string
*/

void CmdMessenger:.printEsc(char *str)

while (*str 1= "\ 0"){

printEsc(*str++);

}

}

/**

* Escape and print a character

*/

void CmdMessengeriprintEsc(char str)

i{f (str ==field separator || str == command separator || str ==escape character ||str
== '"\0 '){

comms->print(escape character);

}

comms->print(str);

}

/**

* Print float and double in scientific format
*/

void CmdMessenger:.printSci(double f,unsigned int digits)
{// handle sign

if (f <0.0)

{

Serial.print('-");

f =-f;

// handle infinite values
if (isinf(f))

Serial.print("INF");
return;

// handle Not a Number
if (isnan(f))

Serial.print("NaN");
return;

}

// max digits

if (digits > 6)digits = 6;

long multiplier =pow(10,digits); // fix int => long
int exponent;

if (abs(f) < 10.0){

exponent =0;

}

else {

exponent = int(logl0(f));

}

float g =f /pow(10, exponent);
if((g <1.0)&& (g '=0.0))

{

*,—

g *=10;
exponent--;
}

long whole =1long(g); // single digit

long part =long((g -whole)*multiplier +0.5); // # digits
// Check for rounding above .99:

if (part ==100){

whole++,

part =0;

}

char format[l6];

sprintf(format, "%%1d.%%0%d1dES%+d", digits);
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char output[l16];
sprintf(output, format, whole, part, exponent);
comms->print(output);

}

ValvesControl.ino

#include <Servo.h>

#include "CmdMessenger.h"

//#include <MemoryFree.h>

//To control a valve use one of the following option:
// 1- Set the corresponding Valve Input Signal

// Input Pin: 33 -> 50

// Valve index: 0 -> 18

// 2- Send a serial command with the following syntax:
// v<x><y> where

// x is a character {0-9,:,;,<,?,Q@,A} corresponding the valve index {0-17} respectively
// vy is a character {0,1} corresponding to OPEN and CLOSE respectively
//The servos are to be connected as follows:

// Output Pin: 14 -> 31

// Valve index: 0 -> 18

#define OPEN 138

#define CLOSE 35

enum {

cmd connect,

rep connected

cmd open valve,

cmd close valve,

rep valve state

rep error,

3

const int BAUD RATE = 9600;

CmdMessenger ¢ =CmdMessenger(Serial,',',';',"'/");
/%

char servoCharV([18] ={'0', '1', '2', '3', '4"',
ST, te', '7', 'gr, 19,

R L

21, @', 'A'};

*/

int signalsPins[18] ={33, 34, 35, 36, 37
38, 39, 40, 41, 42,

43, 44, 45, 46, 47,

48, 49, 50}

int servosPins[18] ={14, 15, 16,17, 18,
19, 20, 21, 22, 23,

24,25,26,27, 28,

29, 30, 31}

bool virtualSignals[ls];

bool preVirtualSignals[18];

bool prevInputSignals[l18];

bool servoStates[18];

bool prevServoStates[!&];

Servo servos[18];

long servosTimers[18];

long detachInterval = 3000;

bool anyAttached = false;

void setup()

{

pinMode(13,0UTPUT);

Serial.begin(BAUD RATE);

attach_callbacks();
//Serial.println("Initializing Valves");
InitvValves();

digitalWrite(l3,HIGH);
//Serial.println("Initialization Complete");

}
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//long fmpm = 0;

void loop()

{

c.feedinSerialData();
//StateMachine () ;
UpdateValves();

/*1if(millis () - fmpm >= 1000)
{

Serial.println (freeMemory()) ;
fmpm = millis();

y*/

}

/* callback */

void on connect(void)

{

c.sendCmd(rep connected,"OK");

}

/* callback */

void on_ open_ valve(void)

{

int valuel =c.readBinArg<int>();

ifvaluel >=0 && valuel < 18)

{

virtualSignals[valuel] = true;
c.sendCmdStart (rep_valve state);
c.sendCmdBinArg<intlé t>((intl6 t)valuel);
c.sendCmdBinArg<intlé6_ t>((intl6_t)1);
c.sendCmdEnd ();

//c.sendBinCmd (rep_valve state,valuel,1);

}

else
c.sendBinCmd(rep error,"Invalid Valve Index");

/* callback */

void on close valve(void)

{

int valuel =c.readBinArg<int>();

if(valuel >=0 && valuel < 18)

{

virtualSignals[valuel] = false;
c.sendCmdStart (rep valve state);
c.sendCmdBinArg<intl6_ t>((intl6_t)valuel);
c.sendCmdBinArg<intl6_t>((intl6_t)0);

c.sendCmdEnd ();
//c.sendBinCmd (rep valve state,valuel,0);

}

else
c.sendBinCmd(rep_ error,"Invalid Valve Index");

/* callback */
void on_unknown command(void)

{

c.sendCmd(rep_error,"Unknown Command"),

/* Attach callbacks for CmdMessenger commands */
void attach callbacks(void)

{

c.attach(cmd_connect,on_connect);
c.attach(cmd open valve,on open valve),
c.attach(cmd _close valve,on close valve),
c.attach(on_unknown command);

}
/*int machineState = 0;
int rxVIdx = -1;

void StateMachine ()
{

char c;
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if (Serial.available())

{

c = Serial.read():;
//Serial.print ("Rx: ");
//Serial.print (char(c));
//Serial.print(" - S ");

//Serial.print (machineState) ;
switch (machineState)

{

case 0:

if(c == 'v') machineState++;

else if(c == 'C') Serial.println("OK");
break;

case 1:

rxVIdx = int(c) - 0x30;
//Serial.print (" - IDX ");

//Serial.print (rxvVIdx) ;
machineState++;

break;

case 2:

1f (rxVIdx >= 0 && rxVIdx < 18)
{

if(c == '1l'") wvirtualSignals[rxVIdx] = true;
else if(c == '0') virtualSignals[rxVIdx] = false;
//Serial.print (" - OC ");

//Serial.print (virtualSignals|[rxVIdx]? "Open":"Close");
}

machineState = 0;

rxVIdx = -1;

break;

default:

machineState = 0;

rxVIidx = -1;

break;

}

//Serial.print (" - NS ");

//Serial.println (machineState) ;

}

}*/

void UpdateValves()

{

for(int 1 =0;i <18;i++)
{

bool doMove = true;

bool state =!digitalRead(signalsPins[i]);
//Serial.print (!state? "1":"0");
//Serial.print ("-");

if(state !=prevInputSignals[i])

{

previnputSignals[i] = state;

}

elseif((previrtualSignals[i] != virtualSignals[i]))

state =virtualSignals[i];
preVirtualSignals[i] = virtualSignals[il;

}

else

doMove = false;

//state = state || virtualSignals[i];
if(doMove)

Controlvalve(i, state? OPEN:CLOSE, false)
//Serial.print (servoStates[i]? "1":"0");
//Serial.print ("-");

}

//Serial.println();
DetachServos();

}

void Initvalves()

{
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bool ledState = false;

for(int 1 =0;1 <18;i++4)

{

pinMode(signalsPins[i], INPUT PULLUP),
virtualSignals[i] = false;
preVirtualSignals[i] = false;
servoStates[i] = false;
prevServoStates[i] = false;
ControlValve(i, CLOSE, true);

//delay (1000);

delay(100);

DetachServos();

prevInputSignals[i] =!digitalRead(signalsPins[i]);
digitalWrite(l3,ledState);

ledState =!ledState;

}

DetachServos();

}

void OpenValve(int idx)

{

ControlvValve(idx, OPEN, false);

}

void CloseValve(int idx)

{

ControlvValve(idx, CLOSE, false);

}

void ControlValve(int idx, int state, bool force)
{

servoStates[idx] = (state == OPEN);
virtualSignals[idx] = servoStates[idx];
if((servoStates[idx] = prevServoStates[idx]) || force)

//Serial.print ((state == OPEN)? "Open":"Close");
//Serial.print (" Servo "); Serial.println (idx);
prevServoStates[idx] = servoStates[idx];
if(lservos[idx].attached())
servos[idx].attach(servosPins[idx]);
servos[idx].write(state);

servosTimers[idx] =millis();

anyAttached = true;

}

}

void DetachServos()

{

if(lanyAttached) return;

bool ledState = false;

bool tempAnyAttach = false;

for(int 1 =0;1i < 18;i++4)

{

bool isat = servos[i].attached();

//Serial.print (isat? "1":"0"); Serial.print("-");
if(isat)

ifmillis() - servosTimers[i] >= detachInterval)
servos[i].detach();

else

tempAnyAttach = true;

}

digitalWrite(l3,ledState);

ledState =!ledState;

//Serial.println () ;
anyAttached = tempAnyAttach;

}
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5.2.2.2 Python Software

. __pycache__ 29.07.2017 ... Dateiordner @
= _init_.py 06.02.2017 ... PY-Datei 1 KB PythonCodezip
| arduino.py 9.07.2017 ... PY-Datei 7 KB
= PyCmdMessenger.py 29.07.2017 ... PY-Datei 23 KB
= pyValveControl.py 31.07.2017 ... PY-Datei 2KB

_pycache_:
|| arduino.cpython-36.pyc 29072017 ... PYC-Datei 5KB
|| PyCmdMessenger.cpython-36.pyc 29072017 ... PYC-Datei 17 KB

Two Python classes are available to allow two communication with Arduino:

e “arduino.py” Class defines and Arduino object with all the communication hardware

settings and buffers encapsulated to send and receive general binary data. [Ref [6]] (Harms)

e “PyCmdMessenger.py” Class encapsulates a communication protocol that allows developer
to define custom commands and replies and the class instance can manage and parse all

communication with Arduino. . [Ref [6]] (Harms)
An additional Python code file is also included:

“pyValveControl.py” This code illustrates how to use the above mentioned classes to define the
requires commands and replies that are compatible with the Arduino firmware and shows how to

control the valves using the USB communication mode. [Developed by CNC LAB]

5.2.3 Retrofit,3D Models and 3D Prints

Retrofitting the ball valve with Servo motor was achieved by designing a functional mechanism that

ensures the following:
¢ TFixating the Motor body to the Valve body to prevent motor body from rotating.

e Coupling the motor shaft with the valve shaft while improving or at least not hindering the

motor torque.
e Minimize the scale factor of the mechanism.

The following design was modeled, 3D printed and tested during 3 iterations. Tweaked and

optimized with each iteration.

By

R

Servoﬁet.STL

By

R

ServoH_orn.STL

Figure 5-5 — Retrofit 3D Model
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The 3D model was printed and test as shown in the following pictures:

Figure 5-6 - Out Of

Printer

Figure 5-7 - Valve
Assembly
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Figure 5-8 - Complete System

5.3 Integration

5.3.1 Costs

| # Cost/# | Total

Valve 18 S60| $1.080

36 $2 $72

CECTCrIrrrereyerer

36 S1 $36

Stand 29.10.17: Noch offen zur Beendigung des Teststandes: Anschlisse fiir 18 Valves
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5.3.2 Piping




Integration
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5.3.3 Connecting to automation system

Possibility: Portating GUI to Raspberry




Process Control Algorithm

5.4 Process Control Algorithm

Fermentation blinder 7 Days
-
Pumping Amyl acetate vVl | V2 | 10 min
Purification (charcoal tre|3atment) V3 | V4 | 10 min
Pumping to sodium acetate V5 | V6 | 20min
Filter V7 | V8 20min
storage 10 min
Filter V9 V10 | 20min
storage 10min
Pumping Vi1 | V12 | 20 min
storage 10min
Addition AEH V13 | V14 | 20 min
storage 10 min
Pumping/blender V15 | V16 | 20 min
Ampiciline V17 | 10 min
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Chemical Process Simulation of MEGBI-APP 6

6.1 Flowsheet

© COFE - [FlowsheetLfsd] =@ = |}
B File Edit Insert Flowsheet FPlot View Add-ins  Window Help -8 x
‘DG =8 0 b 2 dfut e anP GEF AABM Sgsa
‘ Flowsheet1.fsd

b B Flowsheet

@iy, Settings

"E_E Document Explorer | &0 Watch * Log |° 1491"'0f5|




6.2 Compounds (pcd files)

Corn steep liquor
CuSO4 . 5H20
FeSO4 . 7H20
Kl

MgSO4 . 7H20
NaNO3

Peptone
Phosphate buffer
Sucrose

Yeast extract

ZnSO4 . 7H20

all %
podrles. zip
Agar g
Chloroform Q Djl

corn steep liquor.log  corn steep liquorpcd  CusO45H20.00g  CuSO4.5H20.ped

m o om o

FeSO4.7H20.log  FeSO4.7H20.pcd  glucose.log glucose.pcd KCl.log KCl.pcd

4 @

metal solution.log metal solution.pcd MgSO47H20 log  Mgso47H20 .pcd  NaNO3.log

2y @
. L)
NaNO3.pcd peptonelog peptone.pcd phosphate buffer.log
2y | m | ay
phosphate buffer.pcd sucrose.log  sucrosepcd  Y€@Stextract.log  yeastextract.pcd

Dy ) om o m

ZnS0O4-7H20.log ZnS047H20.pcd  agdar.log agarpcd  amylacetate.log amylacetate.pcd

™ 3 M

beef extract.log  beef extractpcd  chloroform.log  chloroform.pcd

6.2.1 Example files

agar.log

agar.log

Added component 13097 agar

agar; LIX=13097; CAS number[70]; old=; new=9002-18-0; chk=126179476; on 8/30/2017 9:45:08 AM by user

agar; CAS=9002-18-0; Molecular weight[13]; old=*; new=336.337; chk=146441160; on 8/30/2017 9:51:53 AM by user

agar; CAS=9002-18-0; Structure[3]; old=; new=C14H2409; chk=177770139; on 8/30/2017 10:08:35 AM by user

agar; CAS=9002-18-0; Molecular weight[13]; 0ld=336.337; new=336.3382; chk=180295062; on 8/30/2017 10:08:39 AM by user
agar; CAS=9002-18-0; Family[4]; old=0; new=73; chk=185080742; *->other polyfunctional organics on 8/30/2017 10:28:49 AM by user
Added component 19599 NaNO3

NaNO3; LIX=19599; CAS number[70]; old=; new=7631-99-4; chk=133951884; on 8/30/2017 10:41:34 AM by user

NaNO3; CAS=7631-99-4; Molecular weight[13]; old=*; new= 84.99; chk=180189686; on 8/30/2017 10:42:11 AM by user
NaNO3; CAS=7631-99-4; Structure[3]; old=; new=NaNO3; chk=205267212; on 8/30/2017 11:04:42 AM by user

NaNO3; CAS=7631-99-4; Structure[3]; 0ld=NaNO3; new=NNaO3; chk=205267193; on 8/30/2017 11:05:16 AM by user
NaNO3; CAS=7631-99-4; Molecular weight[13]; 01d=84.99; new=84.99467; chk=195302116; on 8/30/2017 11:05:18 AM by user
NaNO3; CAS=7631-99-4; Molecular weight[13]; 0ld=84.99467; new=84.994; chk=206263521; on 8/30/2017 11:05:34 AM by user

NaNO3; CAS=7631-99-4; Family[4]; old=0; new=80; chk=211514386; *->sodium salts on 8/30/2017 11:08:35 AM by user

Agar.pcd

agar.pcd

OJHU QQdi:]|$’|.llln|;c|nbﬂ|%3||_"‘L_:.|_=’.! "
& ValvesControl ino JI = int pyEd Hagarped B3 IE beef extract pcd Jl

1 [NULIECOTHS INULINULINUL] JChemLib Pure Component Data Library.
2 6EEPCD library generated on 8/30/2017 9:38:32 AM by user EEEREPEEAE




7.1 Chemicals from Sigma Aldrich
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7.1.1 new compounds on coco

hare View
COCo
" MName
EPAINSTALLER
agar
D agar.pcd

amylacetate

D amylacetate.pcd
beef extract

D beef extract.pcd
chloroform

D chloroform.ped
M CorkHelper

corn steep liquor
D corn steep liguor.pcd
CuS04.5H20

[ cuS04.5H20.ped
FeS04.7H20

[ Fes04.7H20.pcd
glucose

D glucose.pcd

KCI

[ kclped

metal selution

D metal solution.ped
MgS04.7H20

[ Mgs04.7H20 pcd
NaNO3

[} NaNO3.ped
peptone

D peptene.pcd

Date modified

8/23/2017 10:53 AM
8/30/2017 11:08 AM
8/30/2017 11:08 AM
8/30/2017 11:05 PM
8/30/2017 11:05 PM
8/31/2017 12:16 AM
8/31/2017 12:16 AM
8/30/2017 11:37 PM
8/30/2017 11:37 PM
9/27/2016 8:35 AM
8/31/201712:01 AM
8/31/201712:01 AM
8/30/2017 10:57 PM
8/30/2017 10:57 PM
8/30/2017 5:25 PM
8/30/2017 5:25 PM
8/29/2017 10:34 AM
8/29/2017 10:34 AM
8/30/2017 1:52 PM
8/30/2017 1:52 PM
8/30/2017 10:28 PM
8/30/2017 10:28 PM
8/30/2017 2:14 PM
8/30/2017 2:14 PM
8/30/2017 1:20 PM
8/30/2017 1:20 PM
8/29/2017 11:45 PM
8/29/2017 11:45 PM

Type

File folder

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File
Application
Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Text Document
PCD File

Size

2KB
3KB
1KB
2KB
1KB
2KB
1KB
2KB
143 KB
1KB
2KB
1KB
2KB
2KB
2KB
1KB
2KB
1KB
2KB
1KB
2KB
1KB
2KB
TKB
2KB
1KB
2KB
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Chemicals from Sigma Aldrich

Coco
~ Mame - Date modified Type Size
= e T TH T T, e
'E chloroform 8/30/201711:37PM  Adobe Acrobat D... 2KB
# CorkHelper 9/27/2016 &35 AM  Application 148 KB
corn steep liquor 8/31/201712:01 AM  Text Document 1KBE
'E corn steep liquor 8/31/201712:01 AM  Adobe Acrobat D... 2KB
CuS04.5H20 8/30/2017 10:57 PM  Text Document 1KB
T Cus04.5H20 /30/2017 10:57 PM  Adobe Acrobat D.., 2KB
FeSO4.7TH20 8/30/2017 5:25PM  Text Document 2KB
T Fes04.7H20 8/30/2017 3:25PM  Adobe Acrobat D... 2KB
glucose 8/29/201710:34 AM  Text Document 1KBE
'E glucose 8/29/201710:34 AM  Adobe Acrobat D... 2KB
KCI 8/30/2017 1:52PM Text Document 1KB
T kal /30/2017 1:52 PM Adobe Acrobat D... 2KB
metal solution 8/30/2017 10:28 PM  Text Document 1KB
'E metal selution 8/30/201710:28 PM  Adobe Acrobat D... 2KB
MgS04.TH20 8/30/2017 214PM  Text Document 1KB
T Mg504.7H20 8/30/2017 2:14PM  Adobe Acrobat D... 2KB
NaNO3 8/30/2017 1:20PM  Text Document 1KB
T NaNO3 /30/2017 1:20 PM Adobe Acrobat D... 2KB
peptone 8/29/201711:45PM  Text Document 1KB
. 'E peptone 8/29/201711:45PM  Adobe Acrobat D... 2KB
phosphate buffer /30/201711:18 PM Test Document TEB
'E phosphate buffer 8/30/201711:18 PM  Adobe Acrobat D... 2KB
sucrose 8/30/2017 10:23 PM Text Document 1KB
@ sucrose 873072017 123 PM Adobe Acrobat D... 2EB
E yeastextract 8/30/201710:17PM  Text Document 1KB
( IE},reastewtract 8/30/201710:17PM - Adobe Acrobat D... 2KB
' ZnS04.7TH20 /30/2017 10:48 PM Text Document 1KB
" T Zns04.7H20 8/30/2017 10:48 PM  Adobe Acrobat D... 2KB
cted J_,d Type: Adobe Acrobat Document h
Problem: I can’t use these compounds in coco (cofe 64)
@ coFE - [Flowsheet1] - X
‘[ File Edit Insert Flowshest Plot View Addins Window Help _ax

‘D& BE U & e anFl OB AABN S6828

@ Fonshests

[8) Flowsheet
g Settings

CESTRLM i GSTRD i UESTRI3

Cc}nbuunds}ximér;g :

= Document Explorer | S0 Watch
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Materials for MEGBI-APP

7.1.2 Glucose:

rsigmaaldrich.com/catalog/search?term=glucose&interface=All&N=0&mode=match%20partialmax&lang =en&region=LB&focus=product

[ Antibodies (477)

[_] Biochemicals and
Reagents (459)

] CeN Biology (444)
[ Cell Culture (160)

T
HO.
Synonym: D{+)}-Glucose, Dextrose

HO OH Empirical Formula (Hill Notation): CgH40g | Molecular Weight: 180.16
OH

CAS Number: 50-99-7

[[] D9434 meets EP, BP, JP, USP testing specifications, anhydrous | Sigma) < DS pricing |
[[J Chemical Synthesis (125)
- ] DX0145 anhydrous Meets ACS Specifications, Meets Reagent Specifications for testing pricing |
|_J Flavors and Fragrances (5] USP/NF monographs GR ACS (EMD Millipore)
[] PHR1000 Pharmaceutical Secondary Standard; Certified Reference Material | Sigma-Aldrich) < DS
E] Feature -
|| 1181302 United States Pharmacopeia (USP) Reference Standard (USP) < DS
] Mew(22)
[CJ stockroom Favorite (42) .
B Glucose solution
u :\;:rah:{::IGSA 1 Product Result | Match Criteria: Product Name, Description Properties ﬂ
[_] Greener Alternative (19) HO.
DHO Empirical Formula (Hill Notation): CgHy0g | Molecular Weight: 180.16 | CAS Number: 492-62-6
[=] special Grade OH
HO OH
] ACS reagent(11)
- ] 49163 Biollltra, for molecular biclogy, ~20% in Hz0 (Sigma) < DS close
] AldrichCPR (13)
[ Analytical (29)
[ analytical standard (13) SKU-Pack Size Availability Price (EUR)
L Anhydrous (4) 49163-100ML @ Only 3 Ieft in stock (more on the way) - FROM 150.90) [ )
[ BCR(2)
] BioChemika (133) To order products, please contact your local dealer. Click here
] BioReagent(12)
R D-(+)-Glucose
Reaction Suitability
15 Product Results | Match Criteria: Product Name, Description Properties ﬂ
[ HO.
7.1.3 Lactose:
X\ [ Mail - razankl-96@outlc. X X B il Oguny gavyl g 41 X /"' B lactose | Sigma-Aldrich X\,
igmaaldrich.com/catalog/search?term =lactose&tinterface=All&N=08mode =match%20partialmax&lang=enéregion=LE&focus=product
—wnv'rrng. O
Q Structure Search

| Product Results
Technical Documents
Site Content
Analytical Applications
Genes
Papers

E] Product Category

[_] AnalyticaliChromatography (33)

] Antibodies (17)

|| Biochemicals and
Reagents (64)

[C] cell Biology(21)

[ Cell Culture (10)

[_] Chemical Synthesis (9)
[] Microbiology (110)

[_] Molecular Biology {62)

|_| Research Essentials (9)

[ stable Isotopes (1)

E] Feature

] stockroom Favorite (1)

(] Available on GSA
Confract (1)

[_] Greener Alternative {2)

E] Special Grade
[l acs reagent (2)

[ Analytical (5)

Search term:"lactose” [

250 matches found for lactose

Lactose (anhydrous)
2 Product Results | Match Criteria: Product Name

o,

J—c
u:,‘ DMD' Synonym: Lactose
o o
1 Empirical Formula (Hill Notation): C43H2044 | Molecular Weight: 342.30 | CAS Number: 63-42-3
] A1206000 European Pharmacopoeia (EP) Reference Standard (Sigma-Aldrich) < SD%
SKU-Pack Size Availability Frice (EUR)
A1206000 QAvaiIahle to ship on 04.09.17 - FROM 140.00
To order products, please contact your local dealer. Click here
[[] PHR1025 Pharmaceutical Secondary Standard; Certified Reference Material {Sigma-Aldrich) < SD%
SKU-Pack Size Availability Frice (EUR)
PHR1025-1G QAvaiIahle to ship on 04.09.17 - FROM 49.60

To order products, please contact your local dealer. Click here

Anhudrnne lartnea
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Chemicals from Sigma Aldrich

7.1.4 Peptone:

X B 55 Ssay sl Eygu K/ i peptone | Sigma-Aldrich X

‘m=peptonellinterface=All&N=0&mode=match%20partialmaxé&lang=endtregion=LB&focus=product

[ FUaST  ENZYMAtc nyaroysars [ SIgma-ATarcny

Bacteriological Peptone

1 Product Result | Match Criteria: Product Name, Description

Synonym: Peptone from animal tissue
CAS Number: 73049-73-7

[[] PO556  Enzymatic hydrolysate (Sigma-Aldrich)

w s0s Pricing
Properties [
< SDS close o

© Product PO556 has been discontinued

View Similar Product(s)
Contact Technical Service

Primatone®
1 Product Result | Match Criteria: Product Name Properties =
Synonym: Peptone from animal tissue
CAS Number: 73049-73-7
| P8388  Meat protein enzymatic hydrolysate (Sigma) < 3D5 pricing '*
Peptone from animal tissue
3 Product Results | Match Criteria: Product Name, Property Properties =
CAS Number: 73049-73-7
[[] P5905  from meat, BioReagent, suitable for cell culture, suitable for plant cell culture < SDS pricing (*
(Sigma)
[_] PT750  from meat, Type |, for microbiclogy (Sigma) < SD§ pricing *.
[[] P7296 BioReagent, Type |, plant cell culture testad, from meat { Sigma) < SD& pricing (»
7.1.5 NaNO3:
X B 5l Sgng sl Ejgw X 4 B MaNo3 | Sigma-Aldrich X
‘m=NaNo3&interface=All&N=0&mode=match%20partialmax&lang=endregion=LB&focus=product
Sodium nitrate
10 Product Results | Match Criteria: Formula Properties =
NaNO3
Synonym: Chile salpeter
Linear Formula: NaNOy Molecular Weight: 84.99 CAS5 Number: 7631-99-4
[ 35506 ReagentPlus®, 299.0% (Sigma-Aldrich) < 3D close @
SKU-Pack Size Availability Price (EUR)
55506-260G @ Available to ship on 04.09.17 - FROM 60.40 [ ]
$5506-500G @ Estimated to ship on 03.10.17 88.70 [ ]
$5506-1KG &) Available to ship on 04.09.17 - FROM 116.00 [ ]
To order products, please contact your local dealer. Click here
[[] 85022  299.0%, plant cell culture tested (Sigma) < SD& close °
SKU-Pack Size Availability Price (EUR)
550221KG 0 Available to ship on 04.09.17 - FROM 114.00
To order products, please contact your local dealer. Click here
[[] 229938  99.995% trace metals basis (Aldrich) < SD& close °
SKU-Pack Size Availability Price (EUR)
229938-10G &) Available to ship on 04.09.17 - FROM 131.70 [ ]
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Materials for MEGBI-APP

X B 5lal Sgeny ezl Bjguw X/ B NaMo3 | Sigma-Aldrich X

‘m=MaMo3&interface=All&N=0&mode=match%20partialmax&lang=en&region=LB&focus=product

|| 15736  analytical standard ( Sigma-Aldrich) < 3D5
SKU-Pack Size Availability Price (EUR)
15736-1G a Available to ship on 04.09.17 - FROM 31.40

To order products, please contact your local dealer. Click here

|| 58170  BioXtra, 299.0% (Sigma-Aldrich) < 5D5
SKU-Pack Size Availability Price (EUR)
58170-250G 0 Available to ship on 04.09.17 - FROM 44.40
'
SB1TO1KG 0 Available to ship on 04.09.17 - FROM 141.00

To order products, please contact your local dealer. Click here

Show All 10 Results v

Nitrogen and oxygen isotopes in nitrate

1 Product Result | Match Criteria: Formula Properties :

NaNO;

Synonym: Chile salpeter, Sodium nitrate

Linear Formula: NaNO5 | Molecular Weight: §4.99 | CAS Number: 7631-99-4

[_] NISTRM8569 i 5T® RM 8569 (Sigma-Aldrich) < 3DS

SKU-Pack Size Awailability Price (EUR)

X B slEl Sy gasyl §jgw X/ B MaNo3 | Sigma-Aldrich X

close

close

be
be

close

‘m=MNaNo3&interface=All&N=08&mode=match%20partialmax&lang=en&region=LB&focus=product

SKU-Pack Size Availability Price (EUR)
$8170-250G @ Available to ship on 04.09.17 - FROM 44.40 [ ]
SBAT0-1KG @ Available to ship on 04.09.17 - FROM 141.00 [ ]

To order products, please contact your local dealer. Click here

Show All 10 Results v

Nitrogen and oxygen isotopes in nitrate
1 Product Result | Match Criteria: Formula Properties :

NaNO3

Synonym: Chile salpeter, Sodium nitrate

Linear Formula: NaNO; | Molecular Weight: 84.99 | CAS Number: 7631-99-4

[LJ NISTRMS569  N1ST® RM 8569 (Sigma-Aldrich) & 5DS close @
SKU-Pack Size Availability Frice (EUR)
NISTRME569 @) Estimated to ship on 28.09.17 752.00 [ ]

To order products, please contact your local dealer. Click here

SiLu""PrEST NANO3

1 Product Result | Match Criteria: Product Name, Property

|| QPREST39820 SILuPrESTs Powered by Atlas Antibodies, buffered aqueous solution (Sigma) 4+ SDS pricing ¥
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Chemicals from Sigma Aldrich

7.1.6 KCI

X @ lall Sgay gyl sygu X /- KCI| Sigma-Aldrich x

m=KCl&interface=All&N=0&mode=match%20partialmax8lang=endiregion=LB&focus=product

KC' Linear Formula: KCI Molecular Weight: 74.556 | CAS Number: 7447-40-7

|| P9333  BioXtra, 299.0% (Sigma-Aldrich) < 5DS
- SKU-Pack Size Availability Price (EUR)
P8333-500G a Available to ship on 04.09.17 - FROM 87.10
P9333-1KG 0 Available to ship on 04.09.17 - FROM 161.00

To order products, please contact your local dealer. Click here

[] 746436 anhydrous, free-flowing, Redi-Dri™, ACS reagent, 299% (Sigma-Aldrich) < 3DS
- SKU-Pack Size Availability Price (EUR)
746436-500G Q Available to ship on 04.09.17 - FROM 43.20
T46436-1KG 0 Available to ship on 04.09.17 - FROM 71.40
T46436-2.5KG a Only 3 left in stock (more on the way) - FROM 204.00
T46436-6X500G 0 Only 1 left in stock (more on the way) - FROM 187.00
T46436-5KG Q Only 4 left in stock (more on the way) - FROM 458.00
-
T46436-6X1KG Q Estimated to ship on 29.09.17 325.00
T46436-4X2.5KG 0 Estimated to ship on 29.09.17 540.00
T46436-12KG Q Estimated to ship on 29.09.17 730,00
iction % B Mail - razank-96@outic. X { B8 slill Sgay peryll g X ) B KOl | Sigma-Aldrich x

close

be
be

close

me
He
oe
me
be
se
He
se

www.sigmaaldrich.com/catalog/search?term =KCl&linterface =All&N =08:mode=match%20partialmax&lang=en&region=LB&focus=product

Purity 793590-500G QA\'ailable to ship on 04.09.17 - FROM
793590 1KG & Only 6 left in stock (more on the way) - FROM
Physical Form
793590-2.5KG @ Only 5 left in stock {more on the way) - FROM
Color 793590-5KG @ Only 3 left in stock (more on the way) - FROM
Formula Weight To order products, please contact your local dealer. Click here

(] P95 for molecular biology, 299.0% (Sigma)
Boiling Point {°C)

Melting Point (°C) SKU-Pack Size Availability
P9541-500G QAvailable to ship on 04.09.17 - FROM
pH Value
P9541-1KG ﬂAvailable to ship on 04.09.17 - FROM
+| Application
i P8541-5KG oAvﬂilnhle to ship on 04.09.17 - FROM
[E) Manufacturer Name To order products, please contact your local dealer. Click here
| Hanna(1)
|| P5405  powder, BioReagent, suitable for cell culture, suitable for insect cell culture,
[ keL(s0) 299.0% (Sigma)

(] Mettler-Toledo (36)

[] Roche (57)

SKU-Pack Size Availability
Isotype P5405.250G @ Available to ship on 04.09.17 - FROM
Host Species P5405-500G QA\'ailable to ship on 04.09.17 - FROM
P54051KG aAvailahIE to ship on 04.08.17 - FROM

Species Reac

To order products, please contact your local dealer. Click here
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62.30
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Materials for MEGBI-APP

7.1.7 K2HPO4

iction X Bﬂ Mail - razankl-96@outlo. X | B 5l Sgey ger)ll Gjgw X B K2HPO4 | Sigma-Aldrich X

www.sigmaaldrich.com/catalog/search?term =K2HPO4&interface=All&N=08mode=match%20partialmax&lang=endregion=LB&focus=product

Showing: Advanced Search

Q Structure Search
| Product Results

Technical Documents

Site Content

Analytical Applications Search term:"K2HPO4" n
Genes

Papers 14 matches found for K2HPO4 = Sort By Relevance ¥

[2] Product Category

. Dibasic potassium phosphate
|| AnalyticaliChrematography (4)

1 Product Result | Match Criteria: Formula properties [
(] Biochemicals and
Reagents (8) KoHPO4
O cen Culture (1) Synonym: Di i nate, Di P. i phosphate dibasic, sec.-

Potassium phosphate

|| el = n Linear Formula: K;HPOy |~ Molecular Weight: 174.18 | CAS Number: 7756-114

[ Materials Science(1)

o Microbiology (1) [] 1551128 United States Pharmacopeia (USP) Reference Standard (USP) <+ SDS close °
[ Molecular Biclogy (3)
[ Research Essentials (6} SKU-Pack Size Availability Price (EUR)
) Featurs 1561128-6G @ Only 3 lefi in stock (more on the way) - FROM 440.70
["] Stockroom Favorite (4) To order products, please contact your local dealer. Click here

[=] Special Grade

(2] ACS reagent(3) a Potassium phosphate dibasic anhydrous

. 1 Product Result | Match Criteria: Formula Properties =
[ Analytical (2)

(L] Anhydrous (1) KsHPO,

(] BioUttra(1) Synonym: Di i ate, Di ium phosphate dibasic, sec.-

Potassium phosphate
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Chemicals, Devices, Molecular Biology

8 Suppliers

8.1 Chemicals, Devices, Molecular Biology
8.1.1 Burhan Kabbara, Tripoli, Tel. 03/339523

8.1.2 Jaudat al-Khatib, Tel. 70916173

RC.TRADING
Tel :961 3 888 809 Fax:00961 7 739 333
Email;jawdathkatib80@gmail.com

8.2 Mechanical Parts (Valves, Sensors)

Sin El Fil, Horch Tabet

P.: +961-1-486701/2 - +961-1-490754/5
M. : +961-3-783778 / +961-3-763678
F.: +961-1-490929

| +961-76-500880

Mail ;: P.O. Box 55384 Beirut, Lebanon
Emalil : sales@mecanixshops.com

8.2.1 Valves

HOME / CORPORATE / BRANDS / PRODUCTS / NEWS & EVENTS / CONTACT US

OUR PRODUCTS

PNEUMATICS MECHANICS ELECTRONICS HYDRAULICS

ndustrial Hydraulics

HYDRAULICS / INDUSTRIAL HYDRAULICS > On/Off Valves

Available Product Range

Isclator valves, Directional valves, Pressure valves, Flow control valves, 2-way cartridge

valves

8.2.2 Temperature Sensors
ELECTRONICS / SENSORS > THERMOCOUPLE



mailto:sales@mecanixshops.com

Suppliers

Available Product Range

Din Head, Air Probe, MGO, Ceramic, SS316
Product Description:

PT100 EASY-UP

Diameter 6mm, three-wires cable

8.2.3 Pressure Sensors

//mecanixshops.com/products/Electronics/Sensors/Pressure-Sensor

lenzors Controllers  Power Units  Weighing Systems  Process Autemation  Motion & Drives  Switches  Cables

ELECTRONICS / SENSORS > Pressure Sensor

Available Product Range
Vacuum, Flush, Diff tial, Atex

P Description:

TPFADA Series flush diophragm pressure transmitters are based on bonded strain gouge on
stainless steel technology

Thanks to the strong flush diophragm maode with 17-4 PH stainless steel, TPFADA Is
particularly suitable for pressure measurement where the media is with high

viscosity (thick fluids, oils, rubber, pulps, chemical products, erc.) and the
traditional transd s with internal measuring chamber cannot be used.

The high thickness of the diaprogm makes the product very reliable and suitable for heavy industrial application. Internal stote of the art electronics allows o
wide range of current and voltoge signal outputs, os well as the innovative “Digital Autozero & Span” function is able to perform an easy and guick automatic
zero adjustment after the installation, simply with the touch of a magnetic pen, supplied as standord

Main features:

« Ranges: from 0

o Qutput s 2-wires / 0.1..5.1Vde /0.1...101Vde / 0...5Vde / 0...10Vde / 1...5Vdc / 1...6Vde / 1...10Vdc

o Protection rat ng P&5/IP&7

o  Wetted parts: 17-4PH Stainless Stee

& Flush fitting stainless steel mec

e Digital Autozero & Span function
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Mechanical Parts (Valves, Sensors)

8.2.4 Flow Meters

D https://mecanixshops.com/products/Electronics/Procass-Automation,/Flow-Meter

HOME / CORPORATE / BRANDS / PRODUCTS / NEWS & EVENTS / COI

OUR PRODUCTS

PNEUMATICS MECHANICS ELECTRONICS

Sensors  Controllers  Power Units  Weighing Systems = Process Automotion  Motion & Drives  Switch

ELECTRONICS / PROCESS AUTOMATION > Flow Meter

ST

© 2015 MECANIX SHOPS ALL RIGHTS RESERVED | DESIGMNED & POWERED BY FUTURE DESTINATION

Available Product Range

Magnetic, Ulirasonic, Rotary, Mass

8.2.5 Visualization Software

s://mecanixshops.com/products/Electronics/Pr -visualization-software

s-Automation/Pr

OUR PRODUCTS
PNEUMATICS MECHANICS ELECTRONICS HYDRAULICS

Sensors  Controllers  Power Units  Weighing Systems =~ Process Automation | Motion & Drives  Switches  Cables

ELECTRONICS / PROCESS AUTOMATION > Process Visualization Software

Available Product Range
-Tank ¢

Product Description:
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&) (References)

(References) g2l,0 9

[1]http://www .aecenar.com/publications

[2] http://www.aecenar.com/downloads/cat view/7-megbi-institute

[3] http://www.aecenar.com/downloads/cat view/3-meae-institute?start=10

[5] NPTEL - Chemical — Chemical Technology II, Joint initiative of IITs and IISc,

[6] https://pypi.python.org/pypi/PyCmdMessenger

https://www.google.com/patents/US2488559

https://penicillin.wikispaces.com/General+bioprocess+flow

https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=9&cad=rja&uact=8&ved=0ah
UKEwiM4a6bzgXYAhVFIIAKHZzSDOwQFghrMA g&url=https%3 A %2F%2Fen.wikipedia.org%2Fw
iki%2FAmyl acetate&usg=AOvVaw2fproRAqeyoDOFpf6mBSvz

http://www.encyclopedia.com/science/academic-and-educational-journals/amyl-acetate
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