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PREFACE 

Dear colleagues, 

Welcome to the 6th International Conference on Simulation and Modelling in Food and 
Bio Industries (FOODSIM'201 0), which is held in Bragan9a, Portugal from 24 to 26 
June 2010. 

The FOOOSIM'201 0 brings together researchers , food experts and industrial users to 
present the state-of-art simulation research in the food industry, new research results 
and to exchange ideas and experiences about the modeling and simulation tools used 
in the food industry. 

The main theme of FOODSIM'201 0 is: "Simulation applied to food processes, quality, 
safety, and sustainability", and the success of the conference is already assured, as 
can be witnessed by the quality and scientific rigor of the 47 published papers. We 
also take this opportunity to challenge the researchers attending the FOODSIM'201 0 
to produce a seed for a FP7 project to be submitted at the next call for proposals, 
which is expected to open next July. 

We present our recognition for the inestimable collaboration that we had in the 
FOODSIM'201 0 organisation by Prof. Joana Amaral and Prof. Eisa Ramalhosa, and to 
all the reviewers for their professional work in the papers evaluation. We also present 
our recognition to all Institutions that contributed to prepare a pleasant social 
programme for FOODSIM'201 0. 

Finally, we wish you all a pleasant staying in Bragan9a and we are sure that you will 
have the opportunity to be delighted by the Portuguese hospitality. 

Prof. Vasco Cadavez, Moutain Research Centre (CIMO), ESA- lnstituto 
Politecnico de Bragan9a, Bragan9a, Portugal 

Prof. Daniel Thiel, Universite de Paris 13, UFR Sciences Economiques 
et Gestion, Paris, France 
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MEAD PRODUCTION: COMPARISON OF DIFFERENT PRODUCTION 
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ABSTRACT 

Mead production represents a possible economic 
alternative to honey producers that intend to obtain honey 
products with surplus value. From that the present work 
aims to study the influence of using different production 
scales on tilC quality of the final mead obtained and on the 
process performance. Increasing the production scale 
almost ten times ( 1.5 to 20 L ). some differences were 
observed. Maximum specific growth rates equal to 0.04 5 
and 0.038 h' 1 were obtained for fermentmions carried out 
at 1.5 and 20 L, respectively. The time course of glucose 
and glycerol were similar for both production scales. 
Nevertheless. slight differences at the end of U1e 
fcrmentations were observed for fructose and acetic ac id. 
ln relation to ethanol, a higher final concentration was 
round in the pi lot-scale, resul ting in a higher ethanol yield. 
In conclusion. these preliminary results arc a good promise 
to local honey producers who intent to obtain large
productions of mead. 

1. INTROD lJCTION 

In the northeast of Portugal. the production of honey is an 
activity with significant economic importance. however. 
the excessive production lowers the honey price, acquiring 
great importance the study and development of new honey 
products in order to increase the value of honey (Pereira cl 
al. 2009). 

Honey is a natural complex product that is reported to 
contain at least 18 1 substances (Arr{tez-Rom;\n et al. 
200G). These are mainly cop1poscd of carbohydrates and 
other minor substances. such as organic acids, amino 
acids. proteins, minerals, vitamins and lipids (Finola et al. 
2007). Fructose and glucose are the predominate 
carbohydrates. These two sugars account to r nearly 85-
95% or the honey carbohydrates (Finola et al. 2007: 
Pereira et al. 2009). The composition of honey is rather 
variable and depends primarily on the floral source: 
however. certain external factors. such as seasonal and 
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environmental factors and processing. also play an 
important role (Amicz-Rom{m et al. 2006). Honey also 
contains volati le substances which are responsible for the 
characteristic flavour (Finola et al. 2007). 

Mead production may be an activity with economical 
potential. In fact, mead is kno'h11 as the drink or the gods. 
being one of the oldest alcoholic beverages in the world 
(Sroka and TuszyJ1ski 2007). Mead contains between 9% 
to 18% (viv) of ethanol. Mead fcrmentat ion is a time
consumi ng process. often taking several months. The 
fennentation rate depends on several fac tors, such as. 
honey variety. yeast strain, yeast nutri tion, pH, among 
other factors (Navratil et al. 2001 ). 

However, associated with its production several 
limitations have been documented. such as. relatively long 
time needed for wort fermemation and mead maturation 
(Sroka and Tuszynski 2007) and lack of uniformity in the 
fi nal product, since the water content of honey ch;mges 
every year. that can induce not only refennentat ions bv 
yeasts, but also metabolisation of re~idua l sugar by aceti~ 
acid bacteria and lactic acid bacteria. These reactions 
result in the production of volatile acidity and abnormal 
esters U1nt decrease the organoleptic quali ty of the final 
product (O'Cormor-Cox and lnglcde\v 1991 ) . Other 
problems arc encountered during mead production in the 
clarificntion and fil tration stages. Although desi rable. these 
steps may increase production costs. For these reasons. 
research work is needed in order to optimise the 
production process of this beverage (Srokn nnd Tuszv!lski 
2007). ~ . 

Generally. the studies related with mead production 
performed until now have only involved produc tion at lab
scale ( 1.5 - 2 L). Thus. the aim of this work was to 
compare different production scales of mead in rclntion to 
the final product obtained and to l11e rcnnentations 
development. The production of mead was evaluated in a 
bioreactor of 1.5 L and subsequently in one of pilot-scale 
(20 L). Total reducing sugars, glucose. fructose. ethanol. 
acetic acid and glycerol. were evaluated and these were the 
parameters used to make the comparison between both 
production scales. 



2. MATERIALS AND METHODS 

2.1 Yeast strains and medium 

A commercial wine yeast strain of 5i. cere1·is iae (Fermol<~ · 

Reims Champagne (Pascal Biotechrft))) was used for all 
assays. Firstly. yeast cells (30g/hL) were hydrated in sugar 
water (50g/L) and incubated at 35°C for 20 min. 

The gro\\'lh medium was prepared by mixing honey with 
water (395g/L) and commercial nuuients (Enovit•rD ) at a 
linal concentration of 60Q/hL. 6% (v/v) SO, at ~ !!ihL and 
tartaric acid (Sigma-Aldrich) until obtaining a pH ~f 3.5. 

2.2 Lab-scale mead fermcntatinns 

The hydrated conm1ercial wine yeast strain was added to 
the growth medium. The fermentation progressed at 25uC 
with gentle agitation ( 120 rpm) and carried out in a 1.5L 
stilTed tank reactor (Bioreaetor Biostat A plus) for 3 13 
hours. Along the fermentations. the pH and temperature 
were constantly monitored. Yeast cell biomass was 
determined by measming the optical density at 640 mn in 
a UV-visible spectrometer (Jenway Genova). Glucose, 
fntctose. ethanol. glycerol. and acetic acid were quantified 
along fermentati on. These fermemat ions were carried out 
in duplicate. 

2.3 Pilot-scale mead fcrmcntations 

The growth of Sacclwromyce:-; cerevisiae was performed 
in a fermentation cube of 20 L. and incubated at 25°C for 
334 hours. The agitation of tl1e cultw-e was performed 
twice a day. During the fermentation. pH and temperature 
were periodically measured, as well as the parameters 
reported before (Section 2.2). 

2.4 G lucose, fructose, ethanol, glyccml and acetic acid 
quantification 

Glucose, fructose, ethanol, glycerol. and acetic acid were 
analyzcd individually. using a Varian HPLC system. 
equipped with a Rheodync injector with 20 ~ tL loop. a 
Supelco Gel C -61 OH column (300x7 .X mm) at ~5"C and a 
refractive index detector Rl -4 (Varian). lsocratic elution 
was employed with a mobile phase consisting of 0.1 'In 
(v/v) phosphoric acid (Fisher Scientific. p.a. ) at a flow rate 
of 0.5 nlL/min. Data was recorded and integrcned using the 
Star Clu·omatography Workstation software (Varian). 
Glucose. fhtctose, ethanol. glycerol and acetic acid were 
quantified by external standard calibration . 

All vnlues reponed in this work con·espond to averages of 
the results obtained from triplicate deterntinations, being 
the percentage relative standard deviations of which less 
than 5%. 
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3. RESULTS AND DISCUSSION 

The process of mead fermcnt.ation is quite difficult to 
perform due to several factors. such as. hi!!h sugar 
concemrations and low ni trog.en. vitamins, -miner~ Is 
contents. Furthermore, when the production scale is 
changed other aspects must be considered. such as pH. 
temperature. dissolved oxygen. homogeneity of the culture 
medium. etc .. as these parameters arc more difficult to 

control in larger production scales. This \vill lead to 
differences in the fermentation performance and in 
changes on the organolcptical characteristics of the fina l 
product. As a result. it is import<Ull to guarantee that in 
large-scale production the final product still has the 
desirable characteristics and the mnximum process yield. 

3.1 Mead production in Lab-scale 

The fermentation performance during the lab-scale 
production is presented in Figure I. In relation to biomass. 
almost no tag-phase was observed. having the exponential 
phase a duration of around 90 hours. After that the 
stationary phase was observed. 

In terms of glucose and fructose. both sugars were 
metabolized by the ycasts during the cxpon;ntia I and 
stationary phases . The glucose content decreased from I 01 
to 5.13 g/L and fructose from 125 to 11. 1 !.!/L. These 
results indicate that both sugm·s were almost ~omp lc tc l y 
consumed. Moreover. the glucose consumption rate was 
higher Lhan fructose. as observed by the slopes of the 
curves. showing a preferential constunption of Qlucose 
over fructose. -

The final ethanol concentrations were equal to 99.4±0.9 
g/L. Glycerol and acetic acid were also produced along 
fennentat ions. rc:1ching the following values: (>.42.±0.03 
and 0.60.±0.05 giL. respectively. 

3.2 Mead production in Pilot-scale 

The fermentmion performance during the pilot-scale 
production is presemed in Figure 2. In general terms. some 
differences were detected when comparing these results 
with the ones obtained in the lab-scale production. ln 
relation to biomass. a lag-phasc around 2~ hours was 
observed. suggesting that ycasts cells due to the high sugar 
concentration in growth medium and the lower o, 
concentration were under stress conditions. Only after that 
period, the exponent ial phase started with a tot;ll duration 
of around 90 hours. 

At 125 hours after inoculation the biomass decreased. This 
might be due to two phenomena: i) Difficulties in 
promot ing the desirable agitation of the medium when 
sample collection was being performed: ii) Cell 
sedimentation. 
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Figure I -Fermentation performance in mead production at lab-scale. 

12 

L~- ~ IO I , ... , 
.-x- -.;c: ........ 

' ' g ' ,.. \ 

IGO 

140 

120 
...J 

100 ~ 

~ G -e 
~ 

RO :.. 
~ 

::l 
0 4 

... ....... 
---.... -- .. --• - .. 

(,() 
lJ 

~ 
0 

40 

2 
20 

0 
() 50 100 150 200 250 300 350 

Time (hours) 

• 0 . 0 0 Ethano l 11 Glycerol 0 Acetic Acid :K Glucose "' Fructose 

fif,'ltre 2 - Fermentation performance in mead production at pilot-scale. 

In terms of glucose and fntctose. both sugars were 
metabolized too by the yeasts. The glucose content 
decreased from 121 to 5.09 g/L and fntctose from 137 to 
36.4 g/L. When comparing the final values with the ones 
obtained in the previous assay, similar results were 
obtained for glucose. On contrary. higher final fructose 
concentrations were determined in the pilot-scale 
production. Moreover, a higher glucose consumption rate 
\vas again observed. 
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The final ethanol concentration was equal to 124 g/L. 
Glycerol and acetic acid were also produced along 
fem1cntations, reaching the following values: GJ\4 and 
0.94 g/L. respectively. 

3.3 Comparison between both production scales 

In order to compare both production scales. the following 
parameters were evaluated: maximum specific rates ( ~t), 
sugars consumed, ethanol, glycerol and acetic acid 
productions (Table 1 ). 



Table l - Mead production - Parameters determined for the 
alcoholic fermentations carried om in bioreactors of l.SL 
(lab-scale production) and inox cube of 20L (pilot-scale 
production). 

Parameter Biorcactor 
(1.5L) 

Total time of 3 15±.22 
fermentation (h) 

~l111;i, (lf 1
) 0.045±.0.000 

Sugars consumed 218±.16 
(g/L)* 

Ethanol (%) 9.69±.0.02 
y Eol"lloolSn;:.11S (%) 35.:1±_2.2 
Glycerol (g/L) 6.36±.0.09 

Acetic acid (gJl.) 0.56+0.02 
*Evaluated as :!:(Glucose±_Fmctose). 

lnox cube 
(20L) 
334 

0.038 
21 6 

12.4 
45 .5 
6 .~4 

0.94 

Values presented conespond to median±amplitudc/2 

The maximum growth specific rate obtnined for the inox 
cube was lower than the obtained in l.5L bioreactor. 
However. the su2ars consumed in both production scales 
were comparabl;. In relation to ethanol. a higher final 
concentration was observed in the pilot-scale. resulting in 
a higher ethanol yield. 

Another important aspect that must be referred to is the 
uncommon behavior of ethanol production. In fact. this is 
a primary mctabolite that is expected to be produced along 
the exponential phase. However, as stated previously by 
Pereira et al. (2009). ethanol production in mead making 
might be st ill observed along the stationary phase. This 
behavior occurred in both production scales. 

Glycerol concentrat ions obtained in both assays arc in 
agreement with values published in the li terature for 
wines. Rankine and Bridson ( 1971) refer that glycerol in 
Australian wines range between 1.4 and 9.9 g/1. For inox 
cube fermentation, a slight higher value of glycerol was 
obtained: however, the values arc identical for both assays. 

In relation to acetic acid. higher concentrations were 
obtained at the pilot-scale production, being observed 
approximmely a two-fold increase; however. in the two 
cases the values still remain lower than the legal limit 
(inferior to 18 meq/L that is almost 1. 1 g/L) (Council 
Regulation (EC) W 1493/1999, Annex Y-B-l b). 

4. C ONCLUSIONS 

With this work it was verified that changing from lab-scale 
to pilot-scale production (an increase of more than ten 
times fold), differences among the fermentations were 
observed. A higher lag-phase and a lower m<L'i.imum 
specific growth rate were determined for the pilot-s~ale 
production. However. higher final ethanol concentratto1_1s 
were obtained in this assay. resulting in an increase 111 
ethruwl yield. 

[n the future we intend to perfom1 organoleptic assays :me! 
to study d1e ro le of some parameters. such as temperature. 
salts. etc .. on the quali ty of the mead produced. 
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