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Improving the quality of pork and
pork products for the consumerp p

Development of innovative,
integrated, and sustainable foodintegrated, and sustainable food
production chains for high quality
pork products matching consumer
demandsdemands

www q porkchains org
Integrated Project Q-PORKCHAINS

www.q-porkchains.org
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Six Sigma – an innovative and dynamic concept

Reducing costs and optimizing quality

Applying Six Sigma in the food industry

Summary and outlook
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Six Sigma
an innovative concept

Improving the performance of companies
throughthrough
– commitment of top management
– involvement of all stakeholders
– training programm - BELTg p g
– measuring system (Magnusson et al. 2001)

Goal: Reducing production costs through an 
increasing degree of conformity to customerincreasing degree of conformity to customer
requirements
(C f it di t DIN EN ISO 8402)
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(Conformity according to DIN EN ISO 8402)

DMAIC-Cycle
t t d i tstructured process improvement

TOP Management and
Master Black BELTMaster Black BELT

Define the problem, customer
requirements, team, project scope
and targets

Define Measure the process

Black BELT

Define Measure the process
performance and compare it
to customer requirementsBlack BELT

Control the success of
i t

MeasureControl
process improvement

AnalyseImprove Analyse and determine the
f d f t

Black BELT

Black BELT
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causes of defects
Develop and implement
improvement measures

Black BELT

(Wappis & Young 2008)



Six Sigma
th t lbthe toolbox

• Customer tools (Kano model, VoC,…)

• Project tools (project charter, CTQ, …)

• Management tools (decision tree, matrix diagramm, …)

• Lean tools (flow charts, value chain analysis, …)

• Statistical tools (DoE, Regression analysis, …)Statistical tools (DoE, Regression analysis, …)

• Risk tools (Risk assessment RPNs )• Risk tools (Risk assessment, RPNs, …)
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Considering the statistical
behaviour of processesbehaviour of processes
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(Magnusson et. al 2001, modified)x = target value



Optimizing quality
and reducing costs

Sigma O
Zero-defects Quality costs²

Defects per million opportunities – DPMO1

Sigma
level DPMO

Zero defects
(in %)

Quality costs
(in % of turnover)

1 691 462 30 85 -1 691.462 30,85 -

2 308.537 69,15 -

3 66.807 93,32 25-40%

4 6.210 99,38 15-25%

5 233 99,98 5-15%5 233 99,98 5 15%

6 3,4 99,9997 <1%

9
1DGQ 2010, ²Tavasli 2007 refering to Harrington 1987 

Pigs in the EU-27 (2008)

EU-27 Population: 251 mill. pigs

Germany
16%

United

Hungary
2%

Rest
20%

Spain
15%Belgium

4%

United
Kingdom

3% 5.

Poland
10%

Fthe

Italy
6%

4% 1. 3.

4.
France

9%Denmark
8%

the
Netherlands

7% 2.

World Population: 1006 mill. pigs (52% in China)p p g ( )
German Federal Office of Statistics, ZDS (2006)

FAO (2007)



The pork netchainp

Piglet productionBreeding Finishing Meat production Food retail

or
ks ConsumerSupplier

N
et
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o and

markets

and

markets

Producer
Trader / 
Carrier

Value Chains

Business relationship
(example)

Legend: Production
stage

Logistics /
Distibution

Outlet
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(example)g

Brinkmann et al. 2011

Coordination model for
QM-strategies of pork supply chains

Quality Requirements of Markets

Normative Level

Certification

Quality Standard 
F d L i l tCh i Q lit B d

Coordination ControlActors of …

Normative Level

St t i L l

y
Owner Food Legislator

P bli A th it
Accreditation Body

Chain Quality Board

N t k C di tStrategic Level Public Authority

P bli I ti

Certifying Body

Quality Broker

Network Coordinator

Operational Level

Public Inspection

Auditor poolAuditor pool

Quality Broker

Quality Management of the Supply ChainQuality Management of the Supply Chain

12Brinkmann et al. (2011, in review)



Six Sigma in food productionSix Sigma in food production
to improve ‚bio-processes‘
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Technical background
k li iPork quality traits

Pork quality traits

Meat quantity1 Meat quality2

Tissue share and propotion
Carcass weight

nutritionally
sensorial

Meat quantity Meat quality

Carcass weight
Commercial cuts weight
Lean meat percentage

sensorial
technological
hygienicyg

1including offals (which are part of carcass weight)

²iby extension (incl. quality of muscle, fat and conjunctive tissue)

14(own illustration , Branscheid et al. 1998a)



Quality evaluation
Carcass grading systems

ll ( l)Fully automatic

AUTO-FOM System

Semiautomatic (manual)

Fat-O-Meater System

Quelle: Westfleisch
www.eupigclass.net

Ultrasound

Measurement of i.a.:

optical method (reflection)

Measurement of:

- Lean meat percentage

Weight of commercial cuts

Measurement of:

- Backfat and loin muscle 
diameter in mm
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- Weight of commercial cuts diameter in mm

- Lean meat percentage

Six Sigma study
of a pork supply chain

Initial situation:
• A meat processor (customer), owned by a large German retailer

(turnover 2010: 38 bill.€) is coordiating a pork supply chain
• 391 farms (supplier) delivered 292.105 pigs via an abattoir

Q lit i t f t t f d i t• Quality requirements of meat processor are transfered via payment
systems of the abattoir to the farmers

Goals of the study:
• to adopt the approach of Six Sigma to food production• to adopt the approach of Six Sigma to food production
• to assess the Process Sigma
• to discover weak points in the value chainto discover weak points in the value chain
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Process Model 
SIPOC - FoodDefine

Abattoir

Pig
Farming

Meat
processorInput Output

Process
CPCP CP

p
Quality controlsQuality

Forward
Information

AnalysisAnalysis
Quality

Backward
Information

Legend:

Product flow

Information
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Product flow

Information flow

CP=Control point

Voice of Customer (VoC)
Define

Supplier = Finishing farms via abattoir
Customer = Meat processor

Using the CTQ-Matrix  tool (Critical to Quality)
VoC: Pork should fulfill specific quality requirements in the field of• VoC: Pork should fulfill specific quality requirements in the field of
meat quantity (1) and meat-fat-ratio (2)

• Core topic: Improvement of the product conformity• Core topic: Improvement of the product conformity
• CTQ: 60% percent conformity of delivered products

Quality trait Unit LSL Average USL
Specifications of selected pork quality traits

y g
Carcass weight kg 82 93,5 105
Lean meat percentage % 52 55,5 60

18

p g ,
(L/USL=lower/upper specification limit)



Distribution of carcass weight
(292 105 products)(292.105 products)
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Quality trait Unit x s CV (%) min max r

Carcass weight kg 94,4 6,8 7,2 50,0 141,8 91,8

Distribution of
lean meat percentagelean meat percentage

(292.105 products)Measure
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Quality trait Unit x s CV(%) min max r

Lean meat percentage kg 57,4 3,2 5,6 37,3 68,2 30,9



CTQ and Process SigmaQ g
Analyse

Lean meat percentage
Defects matrix (n=292.105 products)

OK <52% >60%

Carcass
OK 140.414 37.083 89.390

Carcass
weight <82 kg 4.511 901 3.597

>106 kg 8.429 3.375 4.405
T l d f 151 691

CTQ (60%) = 48%

Total defects 151.691

CTQ (60%) 48%

DPMO = 259.651

Process Sigma = 2,2 (short term) and 0,7 (long term)
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Weak points
Ishikawa-Diagram (‚6M‘)Analyse

Management Method Measureg

Animal diseases
reduced growth Visual sorting

f i

Sorting personell
not trained

Carcass

rate of pigs

weight
failed

P i l tilit Q li i f iNo
suitable
sorting
technique

Price volatility
provokes suboptimal 
marketing

Quality information
deficites of farmers

Market Machine Men

technique
Opportunistic behaviour
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Weak points
Ishikawa-Diagram (‚6M‘)Analyse

Management Method Measure
Deviating criteria of
payment system, 
Inaccurate incentives

Management Method

Breeding line
not suitable

Measure

Visual sorting of pigs

Lean meat

Inaccurate incentives

Not trained
sorting personell

Wrong feed
composition

Measuring error of the
classification system

percentage
failed

Quality informationPrice volatility Quality information
deficites of farmers

No sorting
technique

Price volatility
provokes suboptimal 
marketing

Opportunistic behaviour

Market Machine Men

Opportunistic behaviour
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Summary
and Outlook

• Quality traits were identified that are suitable for applying
Six Sigma 

• Process Sigma (2,2) reveals optimization potential

• Several weak points were identifyed in the value chain:
– Inaccurate incentives of the abattoirs pricing system for the quality 

trait lean meat percentage 
Incorrect sorting of pigs before marketing– Incorrect sorting of pigs before marketing

– Animal diseases

Outlook: the Six Sigma concept shall be extended to
further quality traits of the chain

24

further quality traits of the chain



Thank you!

www itw uni-bonn de
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www.itw.uni-bonn.de
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