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Impact of human resources on wine supply  
chain f lexibility, quality, and economic performance 

Impacto de los recursos humanos en la f lexibilidad,  
calidad y desempeño económico de la cadena de suministro del vino 

J. L. García-Alcaraz1, W. Adarme-Jaimes2, and J. Blanco-Fernández3

ABSTRACT 

This article assesses the impact of human resources skills on production quality, flexibility, and economic performance of La Rioja’s 
wine supply chain. These four elements were integrated as latent variables composed of 15 observed variables and associated 
through six hypotheses. Data were gathered from 64 wineries located in La Rioja, Spain, and hypotheses were validated in a 
structural equation model using WarpPLS v.5 software. Results indicate that human resources skills have a positive direct impact on 
SC flexibility and quality, but not on economic performance; however, these variables are indirectly associated through SC quality 
and SC flexibility.

Keywords: Supply chain, flexibility, quality, economic performance, structural equation model, human resources.  

RESUMEN

El objetivo de este artículo es analizar el impacto de las habilidades de los recursos humanos en la calidad obtenida en el proceso 
de producción, la flexibilidad y el desempeño económico de la cadena de suministro del vino en La Rioja (España). Estos elementos 
fueron analizados como variables latentes, en las que se integraron 15 variables observadas. Asimismo, seis hipótesis fueron 
planteadas para relacionar estas variables en un modelo de ecuaciones estructurales, y fueron probadas usando mínimos cuadrados 
parciales en el software WarpPLS v.5. Los datos fueron obtenidos de 64 empresas vitivinícolas ubicadas en La Rioja, España. Los 
resultados indicaron que las capacidades de los recursos humanos tienen un impacto directo y positivo en la flexibilidad y la calidad 
de la cadena de suministro, pero no en el desempeño económico de la misma; sin embargo, el efecto indirecto es obtenido a través 
de la calidad y la flexibilidad.  

Palabras clave: Cadena de suministro, flexibilidad, calidad, desempeño económico, modelo de ecuaciones estructurales, recursos 
humanos. 
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Introduction

A supply chain (SC) is defined as a set of integrated suppliers, 
producers, and distributors who join forces to succeed in 
producing a product or service, while ensuring flow of 
information, materials and financial resources among them 
(Brusset, 2016).   

The food supply chain has been the focus of much attention 
due to quality control standards and care parameters 
required to ensure safe food consumption (Bruzzone 
et al., 2014). Moreover, since some food products are 
quickly perishable, delivery times are critical and require 
specialized cooling systems. In this sense, some authors 
have named these particular supply chains as cold supply 
chains (Shabani et al., 2012). 

The wine SC is one of the most studied SC due to its 
fragility, since wine production, transport, and storage 
require specific humidity, temperature, and illumination 
conditions (Ahumada et al., 2012). In this sense, La Rioja’s 
wine industry is one of the most important, as its SC has 
academic and industrial relevance. To contribute to the 

1	 Industrial Engineering Sciences Ph.D, Technological Institute of Ciudad Jua-
rez, México. Affiliation: Universidad Autónoma de Ciudad Juárez, Mexico. 
E-mail: jorge.garcia@uacj.mx 

2	 Industrial Engineer Ph.D, National University of Colombia – Campus Mede-
llin, Colombia. Affiliation: National University of Colombia – Campus Bogo-
ta. Email: wadarme@unal.edu.co

3	 Industrial Engineer Ph.D, University of Zaragoza, Spain. Affiliation: University 
of La Rioja. Email: julio.blanco@unirioja.es

study of La Rioja’s wine supply chain, this paper presents 
a structural equation model that integrates four latent 
variables: human resources, SC flexibility, production 
quality, and SC economic performance in La Rioja’s wine 
industry. To ensure understanding of this article, we start 
by providing a brief description of La Rioja’s wine industry.

http://dx.doi.org/10.15446/ing.investig.v36n3.56091http://
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Wine in La Rioja: Statistics 

Wine is one of the main agricultural products in La Rioja. 
Denomination of Origin Rioja for wine is managed by the 
Regulatory Board (RB), a government agency responsible for 
controlling wine production quality and for disseminating 
relevant statistics on La Rioja’s wine production. According 
to the 2013 RB annual report, the vineyard surface available 
for wine production in La Rioja reached 62 153 [ha], while 
sales increased up to 277 million liters (355 million bottles), 
including 250,7 million liters of red wine. Also, domestic 
market of Rioja wine that year accounted for 63,1  % of total 
wine sales, whereas 36,9  % of wine production is exported, 
mainly to the United States and the European Union.

Also, Rioja wine is mainly distributed through two channels: 
food and hospitality, the latter representing 77 % of domestic 
sales in oak barrels. Finally, in 2013 Rioja wine SC accounted 
for 225 grape growers, 37 wholesalers and 28 cooperatives. 
Such data demonstrate the economic impact of the wine 
industry in the Autonomous Community of La Rioja.

To guarantee high quality wine production, wineries must 
ensure a skilled labor workforce, capable of providing 
appropriate product features and SC flexibility, as these 
elements are key to meeting specific customer needs and 
generate profits. To measure effects among these elements 
in Rioja wine SC, we proposed a structural equation model 
that integrates and associates four latent variables: Human 
Resources, SC Flexibility, Quality, and SC Economic 
Performance. Since we assumed that human resources are 
the most important latent variable and affect all subsequent 
variables, we placed it on the top left corner of the model.   

Human reources in supply chain

In many modern companies, human resources are the most 
valuable assets, as they provide necessary knowledge to 
transform raw materials into finished products. As a result 
of their impact on SC performance, human resources 
have paved the path for a special investigation line in the 
industrial sector (Alfalla-Luque et al., 2015), also followed 
by SC research (Gil et al., 2015). 

Wine production requires enologists and wine production 
experts with customized approaches that can differentiate a 
brand and give it prestige. Therefore, education and skills from 
human resources play a key role in the economic success 
of wineries (Gultek et al., 2006), thereby giving reputation 
to an entire region that can be later exploited for touristic 
purposes (Byrd et al., 2016). Also, managerial commitment is 
fundamental for increasing SC performance, since managers 
set the example (Martínez-Jurado & Moyano-Fuentes, 2014) 
and must provide all necessary resources (Luthra et al., 2016). 

Wine’s supply chain flexibility

SC flexibility is defined as the ability to make production 
changes as response to new and changing customer needs, 

and it is often associated with uncertainty (Wallace & Choi, 
2011). In this sense, SC flexibility must be supported through 
short and quick changeovers and setups and flexible work 
schedules, because distillation and fermentation systems 
function all day long and require continuous supervision. 
Employees must develop multitasking capabilities that 
enable the production process to adapt to demand 
uncertainty (Moon et al., 2012). Flexibility must be extended 
to suppliers as well, as in-full and on-time deliveries of 
quality raw materials (Kumar & Rahman, 2016) are also 
important. 

Considering that SC flexibility depends on human resources’ 
capabilities, we propose the first working hypothesis as 
follows:

H1. In a wine SC environment, Human Resources have a 
direct pos-itive impact on SC Flexibility.

Quality in the supply chain

Traditionally, customers measure product quality through in-
full and on-time deliveries and according to the company’s 
ability to comply with certain product characteristics 
(Willersinn et al., 2015). For this reason, wineries and 
any other food SC must strive to provide quality products 
and meet established standards (Trienekens et al., 2014). 
If a production lot does not meet those standards, the 
corporate image will be compromised, customers may 
reject the product, or governmental regulations may ban 
the production (Staricco & Ponte, 2015).

Product quality is obtained from every production task 
performed by skilled administrative and operational staff. 
Operators must be able to meet desired wine characteristics 
through their active involvement in the production process, 
while experienced managers ought to support this process 
(Badea et al., 2015; Shinbaum et al., 2016). Therefore, 
appropriate and sufficient human resources training 
supports production process quality (Gil et al., 2016). 
From such arguments, we can propose the second working 
hypothesis as follows:

H2. In a wine SC environment, Human Resources have a 
positive direct impact on Quality.

Flexible and agile companies can easily respond to 
customer needs by making complete and timely deliveries 
and increasing customer satisfaction. However, food 
companies that do not meet appropriate quality standards 
must not commercialize their products, as they may 
represent huge health risks (Aung & Chang, 2014) and can 
compromise their SCs (Gligor et al., 2015). Considering 
these arguments, the third working hypothesis states as 
follows:

H3. In a wine SC environment, SC Flexibility has a direct 
and positive impact on Quality.
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Economic benefits in a supply chain

SC integration and alignment with corporate goals and 
investors are important for ensuring economic benefits 
(Elgazzar et al., 2012). However, financial performance 
can have additional sources. The most important of all may 
be intellectual capital, since human resources possess the 
necessary knowledge to add value to raw materials and 
transform them into desired products (Perez-Franco et al., 
2016). From this perspective, wineries with highly trained 
staff can successfully assure their place in the market and 
increase intra-organizational integration by having a skilled 
workforce (Zhao et al., 2015). Considering such arguments, 
we propose the fourth working hypothesis as follows:

H4. In a wine SC environment, Human Resources have a 
direct positive impact on Economic Performance.

The second source of economic benefits is SC flexibility. In an 
era of rapidly changing trends, customers can unexpectedly 
change their minds, and companies must respond swiftly 
to such market fluctuations and uncertainty (Gligor et al., 
2015). Flexibility can thus be reached by delivering products 
on time (Barad, 2012), changing production volume levels, 
making product modifications, or by implementing different 
layouts (Karakaya & Bakal, 2013). In such a globalized 
world, companies that cannot respond to customers in a 
rapid way may not obtain the expected benefits. Considering 
thus the impact of SC flexibility on economic performance, 
we propose the fifth working hypothesis as follows:

H5. In a wine SC environment, Flexibility has a positive 
direct effect on Economic Performance. 

Well-known wineries are known for their quality wine, and 
such a prestige increases sales and thus maximizes profits 
(Sáenz-Navajas et al., 2016). Moreover, wine as a product 
for human consumption must meet the highest quality 
standards, otherwise it may be rejected or the company may 
be sanctioned (Staricco & Ponte, 2015). For this reason, we 
propose the sixth working hypothesis as follows.

H6. In a wine SC environment, production Quality has a 
positive direct effect on Economic Performance.

Figure 1 illustrates the relationships between latent variables, 
defined by the six hypotheses previously discussed.

Methodology 

Stage 1: Survey development 

As a data collection instrument, we designed a two-section 
questionnaire based on the literature review. The first 
section assessed the four latent variables and their items as 
shown in Table I. The second section collected demographic 
information. 

Table 1.	 Description of variables 

Latent variable Item

Human Resources (HR) 
(Badea et al., 2015; Gil et al., 2015)

Education and skills 

Human resources availability 

Managerial commitment 

SC Flexibility (SC-F)
(Babak & Saeid, 2012; Gligor et al., 

2015)

Short setup times 

Flexible work contracts 

Multifunctional workers 

Fast inventory supply 

Agile adaptation to demand 

Fast changes in product design 

Quality (QUAL) 
(Trienekens et al., 2014; Xie, Wang, & 

Lai, 2011)

Just in time deliveries 

In-full deliveries 

Quality products  

SC Economic Performance (EP) 
(Karakaya & Bakal, 2013; Zhao et al., 

2015)

Costs reduction 

Cash flow 

Sales growth

The questionnaire was answered using a five-point Likert 
scale, where the lowest value (1) indicated that an activity 
was never performed or a benefit was never gained. On the 
other hand, the highest value (5) indicated that an activity 
was always executed or a benefit was always obtained. 

Stage 2: Survey application

To collect data, we stratified the sample by focusing on 
wineries belonging only to Rioja Denomination of Origin 
(225 wine growers). Then, we conducted face-to-face 
interviews with managers that responded to our emails or 
calls and scheduled an appointment. 

Stage 3. Data capture and questionnaire 
validation

Data were captured and analyzed using statistical software 
SPSS 21®. Then, data were screened to detect missing 
values and outliers, which were replaced by the median 
value of items (Cenfetelli & Bassellier, 2009). Afterward, we 
tested internal consistency of each latent variable using the 
Cronbach’s alpha and the composite reliability index, setting 
0,7 as the minimum value (Nunnally & Bernstein, 1994).

Additional tests were run to increase reliability of data. On 
one hand, we measured discriminant validity using Average 
Variance Extracted (AVE), setting 0,5 as the minimum 
acceptable value; while for convergent validity we assessed Figure 1.	 Proposed hypotheses. 
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AVEs and correlations among latent variables (Kline, 1998). 
To detect collinearity in latent variables, we used Variance 
Inflation Factors (VIFs), only accepting values below 3,3 
(Kline, 1998; Kock, 2013). Finally, we computed R-squared 
and adjusted R-squared indices as parametric validity 
measures, whereas the Q-squared coefficient was used as 
nonparametric measure (Kock, 2013). 

Stage 4. Descriptive Analysis 

We estimated the median value of each item as measure 
of central tendency, and the interquartile range (IQR) as 
measure of data dispersion. High median values indicated 
that an activity was always executed or a benefit was 
always obtained, while low values indicated that an activity 
was not executed or a benefit was not gained. As for IQR, 
high values indicated little consensus among respondents 
as regards the median value of an item, while low values 
indicated high consensus (Tastle & Wierman, 2007). 

Stage 5: Structural Equation Model

In order to prove the hypotheses stated in Figure 1, the 
model was evaluated using Structural Equation Modelling 
(SEM). SEM is considered a third-generation regression 
analysis technique, since it can associate latent variables in 
a relational and causal analysis (Avelar-Sosa et al., 2014). 
Moreover, it is widely used in SC research (Ketkar et al., 
2012). In this study, the model was executed using WarpPls 
5.0® software, based on Partial Least Squared (PLS) and 
widely recommended for non-normal data and small 
samples (Alcaraz et al., 2014).

Also, we computed five model fit and quality indices 
proposed by (Kock, 2013): Average Path Coefficient (APC), 
Average R-squared (ARS), Average Variance Inflation Factor 
(AVIF), Average Full Collinearity VIF (AFVIF) and Tenenhaus 
GoF (goodness of fit). We analyzed P-values of APC and 
ARS to determine the model’s efficiency. In this case, we 
set 0,05 as the maximum acceptable value and sought 
to obtain statistical significance of parameters at a 95  % 
confidence level, thereby testing null hypotheses: APC = 0 
and ARS = 0, versus alternative hypotheses: APC≠0 and 
ARS≠0. Finally, for AVIF and AFVIF, we looked for values 
below 3,3, whereas a value above 0,36 was desired in the 
Tenenhaus GoF. 

To measure dependency between latent variables, we 
estimated three types of effects: (a) direct effects (arrows 
in Figure 1), (b) indirect effects (given through mediator 
variables), and (c) total effects (sum of direct and indirect 
effects). To determine statistical significance of such effects, 
we estimated their corresponding P-values, considering 
null hypothesis: βi = 0, versus alternative hypothesis: 
βi ≠ 0. Similarly, we reported the effects size (ES) for every 
dependent latent variable. ES is defined as the percentage 
of variance contained in a dependent latent variable 
and explained by independent latent variables (Hayes & 
Preacher, 2010; Preacher & Hayes, 2004).  

Results

Sample description 

We administered the survey from May to July 2014, thus 
obtaining 64 valid questionnaires, 46 of which were 
completed by male managers and 18 by female managers. 
Table 2 shows the relationship between participant’s length 
of work experience and the companies’ size, according to 
the number of employees. As can be observed, 87,5 % of 
respondents (56) belonged to small wineries employing 
less than 50 workers. Also, only five companies employ 
between 51-100 workers. Both categories account for 
95,3 % of the sample, and only one company has more 
than 500 employees. 

Also, 32 people reported more than 10 years of experience 
in their current position, thereby representing 50 % of the 
sample, while 17 participants reported 5-10 years of work 
experience. From both categories, we concluded that 76,56 % 
of the sample had more than five years of experience, and 
such results support reliability of gathered data. 

Table 2.	 Company size and length of work experience.

Years of 
experience

Company size
Total

 < 50 51-100 100-500 >500

< 2 5 0 1 0 6

2-5 9 0 0 0 9

5-10 14 2 0 1 17

> 10 28 3 1 0 32

Total 56 5 2 1 64

Survey validation

Table 3 illustrates results from the validation process, using 
indices described in the methodology section. R-Squared, 
Adjusted R-Squared and Q-Squared values confirmed 
parametric and nonparametric validity of all latent variables. 
Also the Cronbach’s alpha and the composite reliability 
index showed values above 0,7, thus demonstrating that 
all latent variables had internal validity. Finally, AVE results 
confirmed convergent validity of data, since they were 
above 0,5, whereas VIFs reported no collinearity problems 
in latent variables, since all values obtained were below 
3,3, the threshold.

Table 3.	 Validation process of latent variables.

Index HR SC-F QUAL EP

R-Squared − 0,349 0,599 0,648

Adjusted R-Squared − 0,339 0,586 0,636

Composite reliability 0,900 0,888 0,951 0,832

Cronbach’s alpha 0,834 0,847 0,897 0,796

Average Variance Extracted 0,751 0,571 0,907 0,624

Full collinearity VIFs 1,858 2,763 3,075 2,613

Q-Squared − 0,353 0,601 0,65



Impact of human resources on wine supply chain flexibility, quality, and economic performance

Ingeniería e Investigación vol. 36 n.° 3, december - 2016 (74-81)78

Descriptive analysis

Table 4 presents results from the descriptive analysis of 
items, which are sorted in descending order according 
to median values. For latent variable Human Resources, 
results indicate that the most important element is their 
availability, while multifunctional workers are the most 
significant attribute of SC Flexibility. Also, participants 
consider product quality as the most important Quality 
element, whereas cash flow seems to be the most valuable 
feature of Economic Performance, although such flow is 
only ensured through sales growth.

Table 4.	 Descriptive analysis.

Latent variables and items Percentiles 
IR

Human resources 25 50 75

Human resources availability 3,54 4,28 4,87 1,33

Managerial commitment 3,32 4,11 4,77 1,45

Education and skills 3,37 4,02 4,64 1,27

SC Flexibility 

Multifunctional workers 3,21 3,95 4,63 1,42

Short setup times 3,03 3,79 4,57 1,54

Fast inventory supply 3,07 3,78 4,53 1,45

Agile adaptation to demand 3,03 3,75 4,49 1,46

Flexible work contracts 3,02 3,71 4,43 1,40

Rapid changes in product design 2,81 3,68 4,47 1,66

Quality 

Quality products 3,61 4,31 4,88 1,28

In-full deliveries 3,33 4,16 4,80 1,47

Just in time deliveries 2,80 3,84 4,65 1,85

SC Economic Performance − − − −

Cash flow 3,11 3,94 4,68 1,56

Sales growth 2,95 3,90 4,70 1,75

Costs reduction 3,00 3,63 4,34 1,34

Structural equation model: Direct effects 

Results from the model evaluation are depicted in Figure 
2. Every effect includes a β-value and its corresponding 
P-value for the statistical hypothesis test. Also, we included 
R2 value in every dependent latent variable.	

As regards model fit indices, we obtained the following 
values: 

•	 Average path coefficient (APC) = 0,401, P < 0,001

•	 Average R-squared (ARS) = 0,547, P < 0,001

•	 Average block VIF (AVIF) = 1,842, ideally < = 3,3

•	 Average full collinearity VIF (AFVIF) = 2,577, ideally 
< = 3,3

•	 Tenenhaus (GoF) = 0,599, large > = 0,36

Table 5 presents conclusions drawn on the six hypotheses. 
As can be observed, the hypothesis associating Human 
Resources with SC Economic Performance was rejected, 
since the P-value was above 0,05 (P = 0,324). Also, Table 
6 shows R2 decomposition for dependent latent variables, 
where it was found that Quality explained 42,2 % of the 
variability of SC Economic Performance, the highest R2 value. 

Table 5.	 Conclusions for hypotheses.

Hi From To P-value Conclusion

H1 Human Resources SC Flexibility < 0,01 Accepted

H2 Human Resources Quality < 0,01 Accepted

H3 Quality SC Flexibility < 0,01 Accepted

H4 Human Resources SC Economic Performance 0,324 Rejected

H5 SC Flexibility SC Economic Performance < 0,01 Accepted

H6 Agility SC Economic Performance < 0,01 Accepted

Table 6.	 Effect size for direct effects.

From Human Resources Quality SC Flexibility R2

Quality 0,349 − − 0,349

SC Flexibility 0,269 0,329 − 0,598

SC Economic 
Performance

0,021 0,422 0,249 0,692

Structural equation model: Indirect effects

Table 7 presents indirect effects found between latent 
variables. Each effect shows a β-value, its P-value for 
statistical hypothesis testing, and the effect size. Note that 
all indirect effects were significant. Also, even though 
the direct effect from Human Resources on Economic 
Performance was rejected, the indirect effect was accepted, 
and it showed a bigger value. In this sense, Human 
Resources indirectly explained 21,5 % of the variability of 
Economic Performance, since ES = 0,215. 

Table 7.	 Sum of indirect effects.

Human resources SC Flexibility

Quality
0,27 (P < 0,01) 

ES = 0,189
−

SC Economic  
Performance

0,563 (P < 0,01) 
ES = 0,215

0,165 (P = 0,026) 
ES = 0,126

Figure 2.	 Model solved.
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Structural equation model: Total effects

Table 8 shows total effects found for every relationship 
between latent variables. Observe that every total effect is 
statistically significant, since all P-values were below 0,05. 
Also, we found that SC Flexibility had the highest total effect 
on SC Economic Performance, since β = 0,717.

Table 8.	 Total effects.

Human Resources SC Flexibility Quality

SC Flexibility
0,591 P < 0,01) 

ES = 0,349
− −

Quality
0,656 P < 0,01) 

ES = 0,458
0,457 P < 0,01) 

ES = 0,329
−

SC Economic 
Performance

0,619 P < 0,01) 
ES = 0,236

0,717 P < 0,01) 
ES = 0,549

0,361 P < 0,01) 
ES = 0,249

Conclusions and industrial implications 

This study proposed six hypotheses to assess the impact 
of Human Resources on SC Flexibility, Quality, and SC 
Economic Performance in Rioja wine’s SC. During the data 
validation process, hypothesis linking Human Resources 
and SC Economic Performance was rejected; however, the 
indirect effect in this relationship showed a statistically 
significant value, thereby demonstrating the importance 
of Human Resources for maximizing profits (Economic 
Performance). 

Also, results from the model evaluation demonstrate that:

•	 Managers must pay attention to human resources skills, 
especially in the case of enologists.

•	 Wine Quality depends 59,8 % on Human Resources 
skills and abilities. 

•	 Human Resources are a source of SC Flexibility and 
Quality in wineries, which translate into SC Economic 
Performance. 

•	 SC Flexibility helps meet Quality product characteristics 
demanded by customers.

Finally, findings here reported have the following industrial 
implications for La Rioja’s wine SC.

1.	 Managers must pay special attention to Human Re-
sources’ skill and abilities, since these elements are 
an essential source of wine Quality and SC Flexibility. 
Although we did not find a direct effect from Human 
Resources on SC Economic Performance, results did 
show an indirect effect. In other words, Human Re-
sources must ensure SC Flexibility and Quality, which 
in turn stimulate SC Economic Performance. 

2.	 Due to its economic impact, wine production in La 
Rioja should be a joint effort from wineries, universi-
ties and government. All of them must foster special 

training and educational programs, since Human 
Resources’ skills and abilities are a source of profits 
and quality. 

3.	 La Rioja wineries must strive to achieve SC Flexibility, 
since it is the most important variable when seeking 
to improve or maintain SC Economic Performance. 
However, ensuring SC flexibility means educating and 
training multifunctional workers, reducing setup times, 
and streamlining inventory supply. Likewise, it is im-
portant to implement special strategies for fast product 
design modifications.
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