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QUALITY FUNCTION DEPLOYMENT IN THE SPANISH OLIVE Ol L
SECTOR

ABSTRACT

Competitiveness and sustainability of the olivessttor are strongly associated with
the satisfaction of customer demand and preferemnoesrds quality, safety, and
environmental issues. In product design and dewvedop, Quality Function
Deployment (QFD) provides a comprehensive, systenagiproach to ensure agrifood
products meet or exceed customer expectations. €Rbe a powerful tool because it
can reduce time to market, improve quality, andaeck customer satisfaction.
Although QFD has been used in the food industrgesiti987, no application has been
found in the case of olive oil.

In this study, after identifying customer needsemuirements of different attributes of
quality olive oil, by a survey to 439 respondents determine preference and
consumption behaviour, agricultural practices thtimally satisfy these preferences
were determined, through a Quality Function Depleytn(QFD) model using expert
knowledge.

The use of the correlation matrix and then the tanog8on of the "House of Quality"
(HOQ), the relative contribution of each of thesacgtices that most satisfy customer
needs and desires were designed. These matricegsadeto translate higher-level
“Whats” or needs into lower-level “Hows” — agronami practices (technical
characteristics) to satisfy these needs.

The findings are helpful for designing agricultupallicies and marketing strategies to
improve sustainability and competitiveness of Sglawlive oil.

Key words Olive-oil quality attributes; consumer surveye@ulture; Quality function
deployment.

[.  INTRODUCTION

The growth of competition in the agro-food sectagcentuated by economic
globalization, requires companies to promote anghlement policies as well as

innovative strategies to enhance their producttréntiating them by using distinctive

signs of quality, durability, territoriality, alteative modes of production, etc.
Innovation offers an excellent opportunity for diféntiation, diversification, and

product positioning in an increasingly dynamic amelmanding market. Also, the

growing concern and interest of consumers towdrdgtoducts they use, security and
safety of foods, and environmentally friendly protion processes, impose new
demands for the agri-food industry (Van der Valkl &dynstra, 2005). A key factor for

success in the current market is to understanducosisbehaviour, to identify its needs
and requirements, and to integrate them into thategfic planning of all stages of
production and/or services, processing, and mangeti



In addition to globalisation processes and the gnavf social sensitivity towards food
security and environmental sustainability, the pesn common regulatory context
promotes an agri-foodnodel which is more competitive, multifunctionalnda
sustainable. Also, it focuses not only on produistibut also on other functions or
externalities that affect the consumers’ welfaretHis sense, it is clear that the social
dimension deserves major consideration in politdatisions, in general, and those
related to agri-food sector in particular. As auteshe Directorate General for Health
and Consumer Protection has explicitly stated dsiré to ensure the integration of
interests and preferences of society in the plaprdiesign, and implementation of the
Common Agricultural Policy (CAP) (European Comnmissi2003). The challenges of
food security, the relationship between diet andlthe the new requirements and
buying habits of consumers and innovative practibe$ should be implemented by
producers, processors and distributors to meetiineghe food industry to pay most
attention to studies focusing on consumer demandsdaveloping new products and
services (Benner et al. 2003; Gellynnk et al., 308Rimerous empirical studies have
illustrated the need to extrapolate the demandsooisumers in the planning and
designing of new products (Grunert et al. 1996;dahe et al. 1998; Bredahl, 2003,
Vatthanakul, et al., 2010). This presents a grbatienge for a considerable number of
food industries in general and for the olive indysh particular. More concretely, in
Andalusia (S Spain), the Agro-food Olive System @0Oncluding the field of olive
production, agro-industry, which transforms theno ialive oil as the main product, and
distribution and marketing sectors, is of greatneeoic, sociocultural, and territorial
importance in the region. Olive oil was chosenhasfbcal product of this study because
it is regarded by consumers as a poorly differéedigoroduct and therefore the results
offer an opportunity to develop a more consumeestgd product while determining a
market segment.

The aim of this study is to develop and implememhethodological framework that
integrates consumer needs towards the qualitybatés of olive oil (organoleptic,
sociocultural, environmental, etc.), and the po&trgroduction practices, processing,
distribution, and marketing in order to satisfy dbeneeds. Ultimately, this involves
developing a complete approach to the concept oketiag quality olive oil. The major
novelty of this study is a methodological and pattcontribution to current research,
which has tended to study the problem from a oneedsional perspective (partial
approach): viewing consumers, industry or busiseggrately. To this end, the present
study adopts a combined quantitative / qualitatip@roach. First, the literature was
reviewed, followed by several group sessions afanmal interviews. Next, a survey
was undertaken to collect data on consumer atstysteferences, and needs (consumer
voice) towards olive oil. Afterwards, a Quality Ftion Deployment was structured in
order to convert and integrate consumer needs pai@ntial detailed agronomic
practices that would optimally satisfy these neehbs.this paper, due to space
limitations, we present only the results relatedthie farming sector (agricultural
practices).

[I. METHODOLOGICAL FRAMEWORK

The integration process of the "consumer voice'hwite technological possibilities
(practices specifications) a Quality Function Deptent (QFD) techniqgue was
implemented according to the four chronologicapstedetailed below:



(1) Identification, definition, and quantification of the quality requirements of olive-
oil consumers (Whats)

The first stage of QFD application consists of iifging the consumer’s perceived
characteristics (consumer voice) of olive-oil gtyalor consumer needs. For this,
informal interviews and focus groups were usedxjglae numerous consumer issues
associated with the purchase and consumption o¢ @il. Three group sessions were
conducted with selected groups of 8 customers dferdnt profiles (age, sex,
educational level, etc.). These sessions enabledtdiontact with the group and open
participation to bring together different opinioos olive-oil quality and vision of the
group in general. The Focus Group is an appropappeoach for commercial purposes
to gather qualitative information, particularlytimis case, given that olive oil is a fatty
product with qualities that are normally difficulor the consumer to discriminate
(Brunso et al., 2002, Grunert et al. 2004; van Klee al., 2005, Dekhili and
d"Hauteville, 2009, Delgado and Guinard, 2011).e8lasn the information collected, a
large list of consumer requests (Whats) towardgeedil quality was compiled. This
information was filtered, avoiding duplicated amdkaguous answers that could not be
duly measured or classified. Finally, we developdihal list of 8 needs (see Table 1).
This information was then used to design a conswuerey, in order to establish a
detailed consumer-consumption profile regardingveolioil. Some questions were
included in the questionnaire especially to qugntife importance ascribed to both
intrinsic  (colour, flavour, acidity, etc.) and exsgic quality needs (social,
environmental, etc.) towards olive olil.

The data was collected by means of 439 face-toifdeeviews with persons at least 18
years of age from the region of Andalusia (S Spdihg sample was gathered using a
random stratified proportional methodology, usimg tfollowing socio-demographic
variables: place of residence, gender, and age,(IA®9). The consumers were
randomly recruited at, university campuses, shapm@reas, and other public places
between April and September 2010. The sampling eras 3.10% for the estimation of
proportions. Each consumer was asked to completealestionnaire and to quantify
and prioritize the needs Y identified previously (taste, colour, price, evimental
issues, etc.). A 6-point hedonic rating scale, anath with the terms: no importance (0),
little (1), some (2), important (3), considerabi®, (very important (5), was used to
indicate consumer opinion. The importance accofwethe consumer (weighted score
from the question) was, subsequently directly usedreate the "House of Quality”
HOQ matrix (the left-hand side of the house of quasee Table 1).

(2) Identification and definition of practicesin the production sector (Hows)

After the literature review (Government of Andals2006; Parra-Lopez and Calatrava,
2006; Parra-Lopez et al. 2008; Jiménez and Cagfio8; Alba et al. 2009; Humanes
and Human, 2009; Uceda, 2009; Vega et al., 2009ngnothers), we held several
focus groups during the month of September 2016 wdustry experts (farmers, and
managers of mills, technicians, researchers, d@iveguality-analysis laboratories, etc.)
to define the technical characteristics potentialbable by different agents (farmers,
mills, etc.) to meet the consumer needs identiieolve.



This process was not only qualitative but also ¢jtetive in order to select only those
practices that may technically have relationshipsinopact with consumer needs.
Finally, we chose 82 practices classified into 8ele of the agri-food chain (47

agricultural practices, 23 industrial and 12 marigetand distribution). Each level of

these practices was in turn classified into suleleeysee Table 1). In this paper, we
analyse only the agricultural practices and therekgo which they satisfy consumer
quality requirements for olive oil.

(3) Deployment of consumer demand (QFD): Correlation between Whats and Hows

The Quality Function Deployment (QFD) methodologyai matrix approach to design
the product or service the customer's voice, tedimg it, in successive stages, by design
features (technical engineering) in order to memhahds and market requirements
(Bossert, 1991; Akao, 1997; Karsak et al. 2002rd&?hépez et al., 2008). The aim of
this method is to translate information gatheredrduthe consumer survey examining
customer behaviour and attitudes towards any pto@iotangibles associated with a
product) into product characteristics (measurabbelpct requirements) and to identify
the desired directions of improving these char@ties in any new product
(Vatthanakul et al., 2010). The QFD was first usedJapan during the 1960s in
psychology and marketing to support the productgmesrocess and to enable
companies to incorporate consumer preferencespraduct design in a competitive
environment. The method has been widely used Ippsig, automotive, and electrical
companies. An extensive literature review of caseiss and applications of QFD in
the agro-industry can be consulted in Benner €2803). Despite the broad application
of QFD, its implementation in public planning ofreglture and food industry is
missing from the literature. In the olive sectar, particular, no application of this
methodology is available, making that present metea practical and innovative
contribution.

The basic of the QFD methodology consists of corsitig the matrix of the quality or
"House of Quality " (HOQ) (Rudolph, 1995; Bech et1®97; Januszewka and Viaene,
1999; Benner et al.,, 2003; Frey et al. 2007; Vadhkal et al., 2010), which is
essentially a matrix that involves the consumedges or needs (Whats), with the
strategic and technical requirements (Hows) to ntkese needs. To determine the
contribution of practices (technical characterstin satisfying consumer's neefis
the quality of olive oil, we constructed the matoikrelationships between the "Whats"
and "Hows" at the individual and aggregate levéhgiexpert knowledge. For this, 22
experts or stakeholders were interviewed indivigugblive growers, oil mills
technicians, olive oil distributors, researchers;.)eto express and quantify the
importance of the relationship, this providing atmxafor each expert. The strategic
matrix or the matrix of production (MW«) was made by weighting the disaggregated
level of relationships (e.g. relationship betwedruity flavour" and olive variety
"Picual", Table 1) with the repowt the aggregate level (e.g. relationship between
"flavour" and "variety"). A 10-point hedonic scdl®m 0 (no relationship) to 9 (strong
relationship) was used (see Ramanathan and Gabh@d#; Parra-Lopez et al., 2008).
They were able to indicate they have not knowlefdgesome pairwise relationships of
HOQ matrix. The meaning and mathematical treatneéritinknown relationships are
different to those of “absence of relationship’diindually unknown relationships are
not considered to calculate the mean whereas rHatoreships are accounted as null
elements. Thus, we established a weight for eapkréxr decision maker (MVqi () to
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associate each pair of customer needs and praclibesrelative contribution average
corresponding for each practice (j) and for eadddn@ was calculated as the arithmetic
mean of the weights of all the experts by this folan

E
W di(expgroupy™ z Wi dice) IE
e=1

E being the number of expert.

We used the average expert assessment, which wadeoed more reliable than
individual assessment, since it avoids individualses and lack knowledge on some
topics. Such analyses of the mean opinion are camimdhe scientific literature on
group decision-making (Saaty, 1989).

(4) Weighting of the contribution of practiceto satisfy all consumer needs

The total contribution of a practice gVto satisfy each need is calculated by the sum of
the relative contribution average of this practice each need (i) (W qi (expgroup))
multiplied by the relative importance of each nbgaonsumers (\W):

n

Wi = D Wpjdiexpgroup)* Wi

i=1

In our case: n = 8 needs, | = 47 practices.

This information is useful because it can guide dbtors in the olive sector towards
practices that optimally satisfy consumer needsigh value of a total contribution of
practice suggests the need to orient the desigwites or technological development
(agricultural policies, strategies, agribusiness,arketing, etc.) towards the
implementation of this practice, given that custome@mands regarding olive-oil quality
are optimally satisfied.

IV. RESULTS

The consumer evaluates a series of quality charsibts in olive oil that can be
identified as Total Quality Perceived (TQP). Thighty includes not only organoleptic
characteristics of olive oil (flavour, colour, aityd etc.) but also sociocultural
(maintenance of the rural population, creation abour, etc.), territorial,and
environmental (sustainability, etc.) ones (see &abl. The main concerns regarding
olive-oil quality that consumer expressed was: figty flavour, the low level of
acidity, the yellow-greenish colour, reasonablecgriand ecological production (see
Table 1).

With respect to the agronomic practices considerekis study, more than 60% may be
significant to better meet the consumers needsdasiies concerning quality olive oil.
These are the critical practices that should bertakto account when producing olive
according of consumer preferences and priorities.



The House of Quality analysis clearly showed thegt inost significant agricultural
practices that determine the olive-oil quality adoog to consumer requirements are:
the separation of olives from the ground and teedy harvesting criteria (according to a
fruit ripeness index), the method of ground harest picking from the ground), the
method of tree harvest (hand picking), the treatnoémpests and diseases, transport of
the olives from the grove to the mill (in boxesgrtilizers used (organic fertilizers
including pruning debris, compost, etc.), treatmainolive fruit fly (Bactrocera oleag
(biological control with ground spraying), varie{?icual), treatment of olive moth
(Prays oleag (biological control with Bacillus thuringiensisat flowering), soill
management (soil covered), fertilization (no ferétion), the timing of irrigation
(following expert advice). In Table 1, we detaikethelative contribution of each of
agricultural practices to satisfy consumer needsvidually and jointly. For example,
"the separation of the olives from the ground arekd" is the practice that most
contributes to a "low degree of acidity" and alhsomer needs regarding olive oil.
Similarly, "variety Picual" and "the harvest ofwas following the degree of maturity”
proved to be the most suitable practices for enguhe desired greenish-yellow colour
of the oil.



Table 1: The “House of Quality” of olive production sector(Cont.)

—_ Analysis of
Agricultural S , S Irrigation | Timing of the
gricuitura =3 Olive variet Soil management Irrigation L L
practices D y system irrigation irrigation—
% water quality
pud IS = . 0 =
8 « |-%% |28s B2%s.] B § 6.8 =& | g
£ o |=&5c O EOESCS g E 9 = S |2 50 0o x
= = c 0.2 6 Hl= 2 ol.-< 2 g o < 0 " X2 [CI)
) S < nESYS=ZF=n=27 =2 a (=} © |7E€9 =3 =S 3 S
2| & | 2 |g¢o8,gEe@sess 8 | ¥ | 2 | E |gEf[ 2| s8] > | 2
Consumer Demand | & o S |S2cE 58500 edsEa F o 238 55| £°
[ T |"8E [8=8<gR=89 & g 528 og | 2
o 8 = Q I
Fruity taste 43 | 547 | 580 0.0 0.0 0.0 0.0 28.4 1.1 o 0/0 0[0 0.00.0 0.0
Yellow-green colour 33| 48,0 | 253 0.0 0.0 0.0 0.0 1.3 1.1 0.p 0J0 0/0 o0 .0 0 0.0
Oil mill and cooperatives 3.1 ) ) ) ) ) ) ) ) ) ) ) ) ) )
sale
PDO Certification 2.9 - - - - - - - - - - - - - -
Low acidity 41| 49 5.8 0.0 0.0 0.0 0.0 3.8 2.3 0J0 0jo 39 6/0 0.0 0.0
Price 38| 00 0.0 0.0 0.0 0.0 0.0 5.0 6.8 00 o0lo 0J0 0,0 3.7 1.3
Package 2.1 - - - - - - - - - - - - - -
Organic production 26 | 00 0.0 34.1 17.5 17.5 49.8 0.( 0.0 00 00 028 308 | 259 6.2
Environmentally friendly | , , | o4 | 00| 138 10.1 329 | 627 288 352 669 3®@29 | 610 | 305 122
production
Creating employment in 1.8 | 0.0 0.0 0.0 0.0 0.0 0.0 13.] 8.2 oo oo 00 00 00 0.0
rural areas
Maintenance of the rural 18| 0.0 0.0 0.0 0.0 0.0 0.0 9.4 6.7 00 0l0 0J0 0,0 0.0 0.0
population
Total contribution (W) | 4136 | 356.7| 1219 91.5 124.6 2800 2711 197.7 71p081.6 | 130.5| 251.1 1546 50.




Table 1: The “House of Quality” for olive production sector(Cont.)

. . o Fertilizer-application . . Analysis soil or leaf
3 Fertilization Fertilizers applied e
Agronomic practices § method P before fertilization
= c c 2R
8./:\ 2 2 g g g
E S 8 8 o B =2 a
o < %: % % ko) L >0 (ST
2 T3 | 0 | E o £ ° =
< 52 | 22 |5 SS¢ g N
Consumer Demand 2 ® o os | S5 | & 55355 | 58 2 o
> Z 6e |ne | O 0EBGT | £98 > z
Fruity taste 43| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yellow-green colour 33| 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oil mill and cooperative sales 31 - - - - - - -
PDO Certification 2.9 - - - - - -
Low acidity 41 1.3 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Price 38| 35 45 0.0 0.0 0.0 0.0 5.9 2.3 2.3
Package 2.1 - - - - - - -
Organic production system 26 | 290 39.0 25.3 28.7 16.9 71.0 11.0 40.7 9.7
Environmentally friendly production | 2.4 | 22.4 46.7 24.0 49.8 36.0 69.0 17.0 55.8 21.8
Creating employment in rural areas | 1.8 | 13.6 5.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maintenance of the rural population | 1.8 | 5.6 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total contribution (Wp) 181.9] 257.2] 1234 1944 130 350.2 1.9 248.5 36.3




Table 1: The “House of Quality” for olive production sector(Cont.)

Treatment of . , . Timing of Location of
Agricultural practices 3 ests and Treatment of olive fruitfly|  Treatment of olive hytosanitar hytosanitar
9 P < PE (Bactrocera oleap moth Prays oleag P y P y
IS diseases treatments treatments
= — e]
8 = 20+ 35| & s o S s | 8
EZ Coy @ E9 L o c = 2 5 ®%cloco o o
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Consumer Demand o o522 93| o Sa £ 59 c2ceL|ELSE S §S
@ © c 2 o 35 oE o ~35 = OQ§>\E S+ 8
o SEQ 20 P4 L2 £ g = 2 2
m ~— m © [ £
Fruity taste 4.3 20.3 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yellow-green colour 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oil mill and cooperative 31 ) ] ) ) ) ) ) ) ) )
sales
PDO Certification 2.9 - - - - - - - - - -
Low acidity 4.1 375 3.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o)
Price 3.8 3.8 4.4 0.0 0.0 0.0 0.0 0.0 1.9 1.4 1.7 18
Package 2.1 - - - - - - - - - - -
Organic production system| 2.6 432 | 136 63.8 74.4 11.3 67.0 11.3 11.1 39/7 .41 281
Err:)\gijocr:irgr?ntally friendly 24 | 200 | 360 41.0 620 267 64.7 17.8 163 464 323 610
Creating employment in 1.8 11.8 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0J0
rural areas
Maintenance of the rural 18 | 72 | 17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
population
Total contribution (W) 471.4| 184.8)  264.2 342. 93.3 329.5 72.2 75.1 220.004.9 | 226.6
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Table 1: The “House of Quality” for olive production sector(Cont.)

—_ Separation of
Agronomic practices ;‘" Timing of Method of ground Method of tree olives from the| Transport olives from
g harvest harvest harvest ground and the the orchard to the mill
e trees
£ g g
o o = T ~ c =
g- g 2 'é E 2 2 5 o 2 g
S | e | oo s oT | @ b £ c © I<h
[} o = D -« Q c c (=) ) P ie) © 8 <@
= | £ x @ ge] c < 3 a o ) = o 8=
S |TSo | &5 b= IS S5 © I £ [ e [ 0 0 =
S 18y =5 |2 5 25 | 2 £E8 |2 3 @ < | ¢ 23
5 < o} © © = £
Consumer Demand x | 22868 | & — 2 | T oS | T ) 2 & |8 €5
riuiy s 43| 486 | 334| 134 7.6 334 12.3 4.4 140 658 11.915.1 | 26.8 24.3
Yellow-green colour 33| 535 | 36.0 7.2 7.2 27.1 3.3 3.3 3.3 45)3 7.0 9.9 6.7 7.3
Oil mill and cooperative sales 3.1 - - - - - - - - - - - -
PDO Certification 2.9 - - - - - - - - - - - .
Low acidity 41| 557 | 165| 391 18.1|  50.5 349 397 513 794 5 8 141 | 523 34.4
Price 38| 6.7 12.8 15.3 14.3 19.6 12.2 154 122 8.3 17.52.8 4.1 4.1
Package 2.1 - - - - - - - - - - - -
Organic production system 26 | 281 27.3 18.9 228 393 26.0 165 218 531 .818 225 | 296 18.0
Environmentally friendly 24| 29 | 10| 00| 00| 00/ 00 00 00 o0 00 00 oo 00
production
Creating employment in rural areasl.8 | 0.0 0.0 37.2 18.9 12.2 60.1 374 542 0.p 00 .0 0 00 0.0
Maintenance of the rural 181 00 0.0 29.3 13.5| 107 517 317 444 0.0 0.0 Q0 .0 (@ 0.0
population
Total contribution (Wpy) 719.6 | 452.0| 468.1 302.6  658. 521}4  418.6  562.1 .5011 224.4 | 224.2] 4444 331.6
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V. CONCLUSION

The paper presents a methodological approach egritie consumer needs concerning
olive-oil quality with the practices most appropeido meet these needs. The olive-oil
quality characteristics most requested by consunmeporate organoleptic (acidity,
flavour, colour, etc.), sociocultural (creating dayment in rural areas, maintenance of
the rural population, etc.) and environmental qeesironmental externalities).

The QFD technique combined with other qualitativetmadologies offers a suitable
approach that structures the information on customguirements, especially to link
customer needs to design practices. The House afitQanalysis has demonstrated
that the separation of ground-harvested olives ftea-harvested, harvesting criteria,
the method of the ground harvest, the method ofttbe harvest, pest and disease
treatment, olive transport from the orchard to midértilizers applied, olive-moth
treatment, olive-variety selection, treatment avelfruit fly, soil management, soll
management, fertilization, and timing of irrigatiame the agricultural practices that
optimally satisfy consumer needs regarding olivegpiality (optimum technical and
social approach).

The proposed methodology has been illustrated enctise of olive oil but it can be
considered quite universal, and can also be exatggbto other products in the olive
sector or other agro-food products (wine, meatkgltc.) and also to other agents
involved in the olive-oil system (processing, dmition and marketing, management,
organization, etc.). Quality parameters of olivé aie clearly determined by the
different practices conducted at different stagésthe agricultural and industry
processes, some being specific to each stage.

Any agricultural policy in the olive-oil system, wh aims to be effective and to take
into account the consumer preferences, should Hkented to promote the
implementation of these practices in the olive sBtdy This would enhance the
legitimacy and social support to CAP subsidiesafgriculture in general and the olive-
oil sector in particular.
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