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Background and purpose: Malt extract is widely used in baking
industries, dairy factories, production of candy, malt, sauces,
confectionery, infant formula or baby food, chocolate, pharmaceuticals.
Risk management in malt production process plays an important role in
improving product safety and factory efficiency. The failure mode and
effect analysis method (FMEA) is a systematic and preventive tool in risk
management that is used to define, identify, evaluate, prevent, eliminate or
control the states, causes and effects of potential failures in a system. The
aim of the current research is to use FMEA and Fuzzy Delphi as suitable
tools to identify, refine and rank process failures in the malt production
process from the receiving stage to packaging and provide preventive
solutions to reduce important risks.

Materials and methods: First, unit operation in malt production were
considered, that included: receiving and sifting barley, washing and
steeping, germinating and clining, grinding and extracting, milling and
mashing, filling and packaging. Then, with the aid of five experts of malt
industry, as properly as the previous overall performance and
documentation of the processes such as HSE and ISO information, the
current situation and potential failures were determined separately for the
production processes. Finally, the causes of failures and the effects of these
failures on the customer were determined.

Findings: In the malt production process, a total of 86 potential failures
were identified and ranked in 6 main malting processes. The scores of
severity (S), occurrence (O) and detection (D) were assigned by experts
using the Fuzzy Delphi method. According to the given scores, RPN (Risk
Priority Number) of each failure mode was calculated. According to the
RPN number and the numbers of the three components, the failures were
categorized into three levels: normal, semi-critical and critical. “ Receiving
and cultivating” and “sprouting, drying and root separation”were the most
risky steps , in addition to“milling and mashing” and “filling and
packaging” being the low risk steps in malt production process. Finally,
preventive solutions were provided by experts for critical failures.

Conclusion: In order to reduce or eliminate critical failures that had a RPN
number above 120 and 2 components above 6 (6 critical failures), practical
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solutions such as installing equipment in order to more accurately control
pressure and humidity in processes, increasing control over equipment
performance, sampling and checking out raw materials and semi-finished,
were introduced.
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Table 1- The weighting of risk severity
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Figure 1- Production steps of malt extract
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Table 5- Fuzzy Delphi results to select the failures of the first stage

L Fuzzy value ;i i Verbal variables  Jad ls iz oyl
S et .-
onsensus e-fuzzifie .
percentage Result value U M L VH H M L VL  question
number
60 Approval 4436724148 5 4.373448296 4 2 3 1
80 Approval 4341279105 5 4.18255821 4 1 4 2
80 Approval 4.341279105 5 4.18255821 4 1 4 3
80 Approval 4341279105 5 4.18255821 4 1 4 4
60 Disapproval 3.759741014 5 3.519482029 3 1 1 3 5
100 Approval 5 5 5 5 5 6
80 Approval 4.341279105 5 4.18255821 4 1 4 7
60 Disapproval 3.974350486 5 3.948700972 3 1 3 1 8
60 Approval 4436724148 5 4.373448296 4 2 3 9
80 Approval 4341279105 5 4.18255821 4 1 4 10
40 Disapproval  2.850960039 4 2.701920077 2 1 2 2 11
80 Approval 4341279105 5 4.18255821 4 1 4 12
80 Approval 4.341279105 5 4.18255821 4 1 4 13
100 Approval 4 4 4 4 5 14
60 Approval 4.53652526 5 4.573050519 4 3 2 15
60 Approval 4436724148 5 4.373448296 4 2 3 16
Golwoslel ol o KSE 4 Sded 5 Corins glallas — 07 J
Table 6- Failures of the beverage industry separated based on preparation stages
Sy gl Sy oled S gl Sy oled
Risk Name Risk Number Risk Name Risk Number
bl 3lvo ot | 5 gos clla
: B2 F5,1 IO & F1.1
Improper storage Sampler Error
| bl slo 15 545 9o 4l 5l (gla
JQ - [Tl F5.2 L§J3)‘.“.‘J”"‘ B15 AN F1.2
Improper temperature of alcohol Sampling tool error
oo 3 5l ol gla Lle g5l5 pd ges
E=02279 0N & F53 S 3)‘.“}*"“ T5i 2
Storage operator error Incorrect sampling
. [?:,c & Y - L
e F5.4 T Fl.4
The problem of tanks Get low quality barley
ol 3 gonal 25 duesy Salasl 5l al glas
: u;w;@ F5.5 15 .. J)J."-i SIS R F1.5
Improper filtration Classification operator error
O gl 3l 515l gllast o luesy AR LT 5 clas i
Filtration operator error ’ Laboratory classification tool error |
O ol 15 o Kes (gllat Lle i, bl
e F5.7 SR F1.7
Filtration device error Wrong classification experiment
L s e a0 Sibesl il glast
< S F5.8 GORIT o 0 S F1,8
The problem of filter soil Germination test tool error
Lis L;;LMJLJ' F5.9 “;’:6.’:‘ SialesT gl gl F1.9
Wrong preparation Germination test operator error
355330 5l g0 (gl 53405 olzil iolesl
u"ﬁ_'}j' 3o (& FS,]O IR '. m g Fl,lo
Additive’s error Wrong germination test
Sitmeslal (slaalSans (sl F5,11 ol oK (gllax F1,11
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Sy ol Sy oole Sy ol Sy ooled
Risk Name Risk Number Risk Name Risk Number
Preparation device error Sifting machine error
CO2 58 L > 5ol e
20 F5,12 (SRS F1,12
Improper COz pressure Sifting operator error
Silweslel gl gllast = olzil (gl 5 i
Preparation operator error ’ Wrong sifting ]
cslsl g Lle Jsieds P TGO
e F6,1 Gl F2,1
Improper capping Improper washing and disinfection
St lal gl F6.2 CodS 2 Saieds 3l 2.2
Capping operator error ’ Low quality disinfectants ’
" a&.« o nlal O 3le
S ¢ F6,3 : & F2,3
Capping machine error Improper tanks
5 YN PO KS ol ol S
S st Gty o F6.,4 e F2,4
Low quality container Inadequate quality and quantity of water
sl kS FONCRIC PN
s - F6.,5 T RS F2,5
Inadequate quality of the cap Washing operator error
bl gl Llc | ()
o F6,6 S F2,6
Improper pasteurization Wrong aeration pressure
il oKins gl sl (g3l by i pie
Pl 26 F6,7 - (9] Jf’“"*‘ (' F2,7
Pasteurizing device error Improper conditioning
sl sl b e 55l ol glas
o F6.8 SIS F2.8
Inadequate steam Conditioning operator error
clials sle of culel cois
e F6,9 . = F2.,9
Improper temperature Inadequate water quality
bl ¢ se by e oKius (gl
sy F6,10 S e S F2,10
Improper filling Conditioning machine error
ale sbes 035 UL F6.11 Sl d e s U=> F3.1
Liquid high temperature Error in the germination stage
035 5 o5lnl gl F6.12 bl g F32
Filling operator error ’ Low quality barley
3 b bl s bl sle
i - F6,13 e F3,3
Inadequate container quality Improper temperature
CO: 5K ol 34l g olKaws (glast
R F6,14 S F3,4
Inadequate amount of CO2 Germination device error
¥ AK.L.« s Lle |
e F6,15 s F3,5
Filling machine error Wrong aeration
33 Lo Oy Culey ple
ST RS F6,16 ' O —aley e ' ' 3.6
Labeling error Failure to observe the right time
et et S Sas s e s e
S F6,17 S 2 F3,7
Improper glue Error in drying step
bl b s bl lgn 0L >
i s F6,18 T SR P = F3,8
Inadequate container quality Improper airflow speed
55 5l glas bl o L
ST S BTN F6.19 . oS sl F3.9
Labeling operator error Improper furnace temperature
55 & s e 2y
SoEa TS F6,20 , o F3,10
Labeling machine error Moisture content of malt
- S i ol ol
CoS o A F6.21 &S = I F3.11
Low quality labels Drying tool error
ol K 5 (o Ol s sl gl
' e F6,22 T TS F4,1

Improper shrink pack

Mill section operator error
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ilials 0500 ol oy gl
bl sk F6,23 T c< F4,2
Improper nylon Milling machine error
At 510l ol Syl bl
S S F6,24 o F4,3
Packing operator error Incorrect grinding
S By s Clis O pde
SIS F6,25 i F4,4
Packing machine error Lack of proper brewing
sl L “ow 5l pl gl
— F6,26 A F4,5
Improper storage in warchouse brewing operator error
ol il sl oo bl 525580 slge 5 nlial oo 53151 eolinal "y
Warehouse operator Error ’ Cepot 1nappr0pr'1fc1te G X ’
additives
y Ll o&aens (glast clial s S Oen al>
e F6,28 T S F4,7
Warehouse device error Improper whirlpool stage
b gl Ll slo d>
< F6,29 S F4,8
Pallet error Incorrect filtering step
ool gla cliall i b S
e F6,30 ol oy gl F4,9

Stretch error

Inadequate brewing heat
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Table 7- Preventive measures to reduce failure in critical operations of malting process

Sl Jla=l Jlea| oled
Gl Sy plutl Ege Segs olod
. RPN ¢hs s . Risk
Preventive measure Risk Name
S 0 D Number
S 0y ol J S
Drying oven temperature control
Cusb Ol 335 SialasT 5 (6,13 o gas b oy
b Ol G3s Jlesl 5 (ols i s 168 3 7 3 ' ) F3,10
e Moisture content of malt
Sampling and accurate testing of
malt moisture content
5 o Osesl e (J 58 bl el ;
L Sl Saabesl Hsil ) gl
) e 144 8 3 6 Germination test F1.8
Conducting control tests such as operator error
iodine test in the brewing stage
. Sy Lle sames, iales!
Ghaes, s JJJS eﬂjls
- . . 147 7 3 7 Wrong classification F1,7
Calibrating the grading machine experiment
IS 5 Sialer Jle dlisy o
il Pl sles 5 sk, 5 sl Sl A e 5 e
Daily monitoring of germingtion 126 7 6 3 Error in the germination F3,1
stages and control of aeration, stage
humidity and temperature of the
germination hall
5 obl (K dlals J 28 5 S s
e 03 S 3,5 cdS J xS Ol s gla
. . 126 7 6 3 o F4,2
Controlling the distance between Milling machine error
grinding stones and controlling the
quality of crushing malt
551 Sl eslinad b ol lss I8
Sl e IS Sl o s o A o el cuass
126 7 6 3 T i F2,9

Dechlorination of water using
activated charcoal Sand and resin
filter to control water hardness

Inadequate water quality
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