
Statistical evaluation of cleaning processes in food and pharmaceutical
manufacturing using process capability index
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Figure 1 1: Components of cleaning Technology
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Figure 1 2: Chapter Organization
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Figure 2 1: Comparison of actual process spread to allowable process
spread

Table 2 1: Acceptance value of process capability
Process capability Defect rate Acceptance

0.33 (1 /3 ) 31.7% Not capable

0.67 (2 /3 ) 4.5% Not capable

1.00 (3 /3 ) 0.27% Not capable

1.33 (4 /3 ) 0.0063% Capable

1.67 (5 /3 ) 0.000057% Capable

2.00 (6 /3 ) 0.0000002% Capable

(Equation 2 1)
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When upper and lower specification limits exist

When upper specification limit exists

When lower specification limit exists

(Equation 2 2)

(Equation 2 3)

(Equation 2 4)
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Figure 2 2: Comparison of the spread of cleaning process data to the
spread of the specification limit for cleaning process data

Cpu for cleaning process

(Equation 2 5)
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Cleaning performance value based on actual cleaning results of manufacturing facility

(Equation 2 6)



14 

Figure 2 3: Cleaning limit and cleaning performance value



15 



16 



17 

Table 3 1: Result of an evaluation of ATP testing and residual oils & fats
based on cleaning data

ATP testing

Residual oils & fats
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Figure 3 1: Cleaning limit and cleaning performance value of residual
oils & fats based on Desired Cpu
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Figure 4 1: Process flow for an antibody production process
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Table 4 1: Process capability (upper limit) (Cpu) from product cleaning
data based on process equipment

Table 4 2: Cleanability of biopharmaceuticals manufacturing facilities
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Table 4 2: Process capability limits for total organic carbon (ppb) for
process equipment based on desired process capability index (Cpu)
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Figure 4 2: Process capability limit and acceptable daily exposure
(ADE) based limits



29 



30 



31 

Maximum antibody residue = Maximum antibody Production per liter of culture
x Maximum culture volume

x Maximum residue rate
(Equation 5 1)

Maximum antibody residue = 3g/L x 2,000L x 10% = 600g
(Equation 5 2)
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Monoclonal antibody (mAb) Formulation Buffer (FB): 50 mM histidine 6% sucrose

0.1% polysorbate 80(pH 5.9) 1N Sodium hydroxide solution 1N Hydrochloric acid

NuPAGE LDS Sample Buffer (4x) NuPAGE MES SDS Running Buffer (20x) Marker12

unstained Standard NuPAGE 4 12% Bis Tris Gel 1.0x10well NuPAGE Sample

Reducing Agent (10x) Ethanol(HPLC: high performance liquid chromatography)

Acetic acid

Amine Coupling Kit Biacore Maintenance Kit type2 HBS EP+ X10 Buffer Glycine 2.0

Acetate 5.0 NaOH 50 Human recombinant
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Table 5 1: List of samples prepared
Sample

name

Sample Reagent

A

Autoclaving Reagent

B

Note*3

Blank FB*2 0.5N

NaOH

Yes 0.5N HCl

mAb intact mAb No No No Untreated

mAb control mAb DDW*1 No DDW*1

mAb Caustic/autoclave mAb 0.5N

NaOH

Yes 0.5N HCl NaOH treatment (8 h) and

autoclave 15 min

mAb Caustic only (8 h) mAb 0.5N

NaOH

No 0.5N HCl NaOH treatment (8 h)

*1: Sterilized water/Deionized distilled water (DDW)

*2: Formulation Buffer (FB)

*3: "h" is an abbreviation for hours, "min" is an abbreviations for minutes in this table.

(1) Add 1mL of Reagent A (0.5N NaOH or DDW according to Table 5 1) to each samples

(mAb or FB) in order to simulate CIP or CI.

(2) Heat treat with autoclave (121°C, 30 minutes at 15 psi.) to simulate SIP, only for the

corresponding samples.

(3) Add 1 mL of Reagent B to neutralize alkali. (0.5N HCl or DDW according to Table 5 1)

(4) Add DDW to adjust the mAb concentration to around but less than 12g/L.
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Lanes 1: Marker; 2: Blank (NR); 3: Blank (R); 4: mAb intact (NR); 5: mAb intact (R); 6:

mAb control (NR); 7: mAb control (R); 8: mAb alkali/heat treated (NR); 9: mAb alkali/heat

treated (R); 10: Marker. (R): Reduction condition, (NR): Non reduction condition

Figure 5 1: Effects of "CIP + SIP"
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Lanes 1: Marker; 2: Blank (NR); 3: Blank (R); 4: mAb intact (NR); 5: mAb intact (R); 6:

mAb alkali treated (NR); 7: mAb alkali treated (R); 8: Blank (NR); 9: Blank (R); 10: Marker. (R):

Reduction condition, (NR): Non reduction condition.

Figure 5 2: Effects of "CI" (Caustic immersion)
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: Non degraded, : NA degraded.

Figure 5 3: Binding affinity analysis of monoclonal antibodies using
BIACORE

Concentration ( g/ml)
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Figure6 1: Model HACCP plan and food manufacturing
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Figure 6 2: Product flow pharmaceutical manufacturing processes
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NOMENCLATURE

Cp : process capability

Cpk : process capability index

Cpu : upper process capability index

Cpl : lower process capability index

USL : upper specification limit

LSL : lower specification limit

: standard deviation

: mean value

USLc : upper specification limit of cleaning process

c : standard deviation of cleaning process

c : mean value of cleaning process

PcK : cleaning performance value

Cpu(desired) : desired upper process capability index

(accumulated) : standard deviation based on actual results of manufacturing facility

(accumulated) : mean value based on actual cleaning results of manufacturing facility
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Abstract
The capabilities of cleaning processes have been statistically evaluated using data from both

food and pharmaceutical manufacturing facilities, using the Process Capability Index (Cpu), which

is one of the several indices used in Quality Risk Management.

At first, the capability of cleaning processes for securing food safety and quality was statistically

evaluated from actual data obtained from the cleaning processes of food manufacturing facilities

using Cpu. The approach presented in this study could be used in establishing sampling strategies

and reducing the risk of insufficient cleaning, which are important factors to consider in future

cleaning protocols.

Secondly, the capability of cleaning process was evaluated for an antibody drug manufacturing

facility using Cpu. Consequently, the capability of the cleaning processes for all equipment used in

actual production was successfully evaluated. The study demonstrated that the cleaning process

for the bioreactor, cell separation equipment, and ultrafiltration/diafiltration system had high

process capabilities. It also indicated that the chromatography system and the purification tank

had relatively low Cpu values compared to other equipment, yet they still fell within their cleaning

limits. For the purification process of antibody drugs, which uses extensive horizontal piping with

relatively small diameters and equipment having large product contact surfaces, cleaning is

generally considered to be difficult. Using the Cpu, it was determined that the cleaning process for

chromatography system and the purification tank were the lowest of all the manufacturing

process equipment.

Additionally, the evaluation of the cleaning procedures was carried out by modeling the cleaning

conditions for the chromatography system and the purification tank in actual production as the

worst case scenario. The maximum residue of antibody from the purification process was treated

with �CIP + SIP� and �CI� (immersion to alkaline solution for more than eight hours), which are

procedures used in the actual cleaning processes of antibody drug manufacturing equipment, and

the inactivation of monoclonal antibody was evaluated by observing the changes in the structure

and biological activity using the SDS PAGE and SPR. As a result of this evaluation, it was confirmed

that these monoclonal antibodies were inactivated by the alkaline / heat treatments or immersion

in alkaline solution for at least 8 hours.

Process development and manufacturing activities are linked to each other like two wheels

connected through technology transfer and feedback. The results of this study suggest a new

PDCA (plan do check act) cycle, incorporating HACCP (Hazard Analysis and Critical Control Point)

system in food manufacturing or GMP (Good Manufacturing Practice) in pharmaceutical

manufacturing, to provide feedback from quality assessment based on manufacturing data and

assist technology transfer between process development and manufacturing departments.


