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Abstract

The resistance of Salmonella to the harsh conditions ocurring in shelf-stable dry fermented
sausages (DFS) pose a food safety challenge for producers. The present study aimed to model
the behaviour of Salmonella in acid (with starter culture) and low-acid (without starter culture)
DFS as a function of aw and storage temperature in order to build a decision supporting tool
supporting the design of a corrective storage strategy to enhance the safety of DFS. Salmonella
spp. were inoculated in the raw meat batter at ca. 6 Log cfu/g with a cocktail of 3 strains
(CTC1003, CTC1022 and CTC1754) just before mixing with the other ingredients and
additives. After stuffing, sausages were fermented and ripened following industrial processing
conditions. Different drying-times were applied to obtain three batches with different aw (0.88,
0.90 and 0.93). Afterwards, DFS were stored at 4, 8, 15 and 25 °C for a maximum of three
months and Salmonella spp. were periodically enumerated. The Weibull model was fitted to
Log counts data to estimate inactivation kinetic parameters. The impact of temperature and aw
on the primary inactivation parameters was evaluated using a polynomial equation. The results
of the challenge tests showed that Salmonella spp. levels decreased during storage at all the
assayed conditions, from 0.8 Log (in low-acid DFS at 4 °C) up to 6.5 Log (in acid DFS at 25°C).
The effect of both a,, and temperature was statistically significant. Delta (o) parameter decreased
by decreasing aw and increasing temperature, while the shape (p) parameter ranged from above
1 (concave) at 10 °C to below 1 at 25 °C (convex). A common secondary model for the p
parameter was obtained for each type of DFS, acid and low-acid, indicating that acidification
during the production of DFS affected the time for the first Log reduction () during the
subsequent storage, but not the overall shape (p parameter) of the inactivation. The developed
models covered representative of real conditions, such as Salmonella contamination in the raw
materials and its adaptation to the harsh processing conditions. The good predictive
performance shown when appling the models to independent data (i.e. up to 80% of the
predicions within the Acceptable Simulation Zone’ for acid sausages) makes them a suitable

and reliable risk management tool to support manufacturers to assess and design a lethality
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treatment (i.e. corrective storage) to enhance the Salmonella inactivation in the product before

DFS are released to the market.
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1. Introduction

The production of dry fermented sausages (DFS) is one of the oldest forms of preserving meat
(Ojha et al. 2015). As shelf-stable food, DFS do not support the growth of pathogenic
microorganisms and refrigeration is not required to retain organoleptic acceptability. However,
shelf-stability is not a guarantee of safety, which should be addressed in the production steps
through a process not only inhibiting the growth but ensuring a sufficient reduction of the
pathogens of concern that may be present in the raw materials.

The microbiological safety of DFS is mainly associated with the quality of raw materials and
manufacturing practices, which determine the type and the initial levels of pathogenic
microorganism potentially present (Barbuti & Parolari, 2002; Mutz et al., 2020) and the product
formulation and the fermentation and drying conditions, which determine the time course of
physicochemical characteristics changes during the DFS production process. Within this
framework, pH (acidification due to the production of organic acids, mainly lactic acid) and
water activity (aw, reduction due to salting and drying) are the two intrinsic factors of high
importance governing pathogen behaviour as part of the hurdle technology (Bonilauri et al.,
2019; Leistner, 2000). Within the wide variety of DFS types, in Europe a differentiation
between acid (usually northern) and low-acid (usually from Mediterranean area) DFS (Demeyer
et al., 2000; Lebert et al., 2007) has been described. In acid non-thermally treated DFS and
especially in mildly fermented low-acid (usually pH>5.3) traditional DFS, typical from the
Mediterranean region such as fuet, a low diameter DFS typical from Catalonia (Aymerich et al.,
2003; Martin et al., 2011), the pathogen-controlling efficacy could be diminished and the safety
of the product compromised (Jofré et al., 2009).

Salmonella is one of the most relevant pathogens in DFS due to its ability to survive acid and
low aw conditions (Mutz et al., 2020). Although a decrease of Salmonella loads during the DFS
production process is usually reported, it was also shown to survive certain processes (Gunvig et
al., 2016; Jofré et al., 2009; Martin et al., 2011; Skandamis & Nychas, 2007). DFS contaminated
with Salmonella has been epidemiologically linked to several salmonellosis outbreaks. From

2016 to 2020, up to eight notifications were recorded in the EU Rapid Alert System For Food
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and Feed portal (RASFF, https://webgate.ec.europa.eu/rasff-window/portal/) about outbreaks in
France, Sweeden, Denmark related with the presence of Salmonella in DFS from France, Spain,
Italy and Poland (notification references 2020.5038; 2020.3378; 2018.1111; 2018.0246;
2017.1846; 2017.1511; 2016.1340; 2016.0492). These notifications highlight the ability of
Salmonella to survive during the DFS production process and storage due to its resistance to
acidity and low ay conditions (Mutz et al., 2020; Tiganitas et al. 2009), posing an important
challenge for food business operators to accomplish with the zero-tolerance policy for
Salmonella (no detection in 25 g of n=5 analysed units per verified lot) required by current
European food safety microbiological criteria regulation (European Commission, 2005).
Therefore, the development of strategies based on post-processing treatments can be useful. For
instance, non-thermal technologies such as high pressure processing of DFS has been studied
(Bonillauri et al, 2019; Jofré et al., 2009; Porto-Fett et al., 2010) though the low a, usually
found in DFS exerts piezoprotection effect against Salmonella inactivation and reduces its
efficacy (Bonilauri et al., 2019; Bover-Cid et al., 2012; Bover-Cid et al., 2017). Moreover, the
investment cost of this technology is not always affordable by food producers. In this regard,
strategies based on the enhancement of the hurdle technology, making the most of the
physicochemical characteristics of DFS can be developed. For instance, few studies have
proposed the implementation of a corrective storage period after the manufacturing process to
enhance the reduction of verotoxigenic Escherichia coli in DFS (Hansen et al., 2011) and
Listeria monocytogenes in dry-cured ham (Serra-Castello et al., 2020), in both cases developing
decision support tools for a proper implementeation of such control measure. Hwang et al.
(2009) modelled the survival of Salmonella during the storage of soudjouk-style fermented
sausages, an acid type (pH <5.2) sausage made of beef, which does not cover the conditions of
the small-diameter acid (pH<5.3) and low-acid (pH>5.3) traditional European pork DFS.

In this framework, the present study aimed to evaluate the behaviour of Salmonella, inoculated
in the raw materials before stuffing, during the storage of low-acid and acid DFS. The behaviour
of Salmonella was tackled through a modelling approach, which quantified the pathogen

inactivation as a function of the product aw and storage temperature. The final objective was to
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provide a risk management tool assisting the design of a feasible and cost-effective control
measure contributing to ensuring the accomplishment of zero-tolerance policies and commercial

requirements.

2. Material and methods

2.1 Salmonella strains

A cocktail of three strains of Salmonella enterica from IRTA-Food Safety Program’s collection
isolated from pork meat products and belonging to different serotypes, i.e. CTC1003 (London),
CTC1022 (Derby) and CTC1754 (Rissen), was used in the present study. Inoculum cultures
were prepared by growing each strain independently in Brain Heart Infusion (BHI) broth
(Beckton Dickinson, Sparks, Md., USA) at 37 °C for 7 h and subsequently sub-cultured again at
the same temperature for 18 h (i.e. till the stationary phase of growth was reached). Final
cultures were preserved frozen at —80 °C in the growth medium supplemented with 20%

glycerol until being used (Hereu et al., 2012).

2.2 Preparation, inoculation, processing and storage of dry fermented sausages

Meat batter was prepared by mixing minced lean pork meat and fat (4:1). Following the mixing,
the meat batter was inoculated with a cocktail of the three Salmonella strains (0.3% v/w)
prepared by mixing equal number of cells for each strain using frozen cultures prepared as
described in section 2.1 and diluted in water to achieve a final concentration of ca. 6 Log cfu/g.
The meat batter was mixed for 1 min in the mixing machine (Mix-35P, Tecnotrip, Spain) in
order to homogenize the inoculum in the batter before adding the following ingredients and
additives (in g/kg): water, 30; NaCl, 18; dextrose, 5; black pepper, 2; sodium ascorbate, 0.5;
NaNO-, 0.1; KNOs, 0.1. Finally, in low-acid DFS batches no starter culture was added, while a
mixture with the starter cultures Lactobacillus sakei, Pediococcus pentosaceus and
Staphylococcus xylosus (Aymerich et al., 2003; Marcos et al., 2007) was added to produce acid

DFS batches. After addition of the cultures, the meat batter was mixed for an additional 1 min.
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The inoculated meat batters were stuffed in 36-38 mm diameter natural pork casings using a
stuffing machine (H15, Tecnotrip, Spain) and sausages of ca. 25 cm in length were elaborated.
After, sausages were dipped into a solution of Penicillium candidum and P. nalgiovensis spores
(Danisco, France). Sausages were let to dry at room temperature (18 - 20 °C) for the
dripping/drying of the casings and subsequently hung in a Versatile Environmental Test
Chamber MLR-350 H (Sanyo Electric Co., Ltd. Japan) adapted with an Hygrotest 600 PHT-
20/120 transmitter (Testo) for the fermentation and drying processes. Sausages were fermented
for 1 day at 22 °C with 85-86 % of relative humidity (RH). Afterwards, during the drying
process, the RH conditions were set up to gradually decrease RH from 85 to 65 % and increase
temperature from 13 to 18 °C. With the aim to obtain sausages with different aw (0.88, 0.90 and
0.93), the duration of the drying processes was 20, 19 and 10-11 days, respectively.

A total of six batches of DFS were obtained, combining different a,, (0.88, 0.90 and 0.93) and
pH (>5.6 and <5.1 for low-acid and acid DFS, respectively). For details on the physicochemical
and microbiological analysis, including Salmonella counts, of the products during the
processing see Supplementary Table 1. The obtained DFS were stored in perforated plastic bags
and ramdomly distributed in four groups to be stored at foreseeable storage temperatures (i.e. 4

°C, 10°C, 15 °C and 25 °C) for a maximum of three months.

2.3 Micraobiological analysis during the ripening processes and the subsequent storage

The levels of Salmonella were monitored by sampling along the production process (15 samples
type of DFS and final a,, value) and storage period (with a total of 10-30 samples depending on
the storage temperature).

After aseptically removing the casing, 25 g of sausage were homogenized ten-fold in saline
solution (0.85 % NaCl and 0.1 % Bacto Peptone (Beckton Dickinson)) in a bag Blender
Smasher® (bioMérieux, Marcy-1’Etoile, France) for 1 min and 10-fold serially diluted in saline
solution. Salmonella was enumerated on the selective and differential chromogenic Salmonella
agar (CHROMagar™ Salmonella Plus; Scharlab, S.L., Sentmenat, Spain) after incubation at 37
°C for 24 - 48 h. Samples with expected Salmonella concentration below the quantification limit

7
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(4 cfu/g) were enriched in Rappaport-Vassiliadis (RV) broth (Oxoid Ltd., Basingstoke,
Hampshire, UK) and incubated at 41 °C for 24 h. After enrichment, the presence of Salmonella
was checked by plating on the chromogenic Salmonella agar. The absence of Salmonella in
non-inoculated meat batter was confirmed in all the batches.

Levels of Lactic Acid Bacteria (LAB) were determined during the production process of the
sausages in MRS (de Man, Rogosa and Sharpe) agar plates (Merck, Darmstadt, Germany),
which were incubated at 30 °C for 72 h under anaerobiosis using sealed jars with an AnaeroGen

sachet (Oxoid Ltd.).

2.4 Primary modelling of the Salmonella behaviour during storage
For each combination of the conditions (acidity/aw/storage temperature), the primary Weibull
model (Eq. 1) was fitted to the Salmonella survival data (Log N) as a function of the storage

time using the nis2 and nls packages of R (R Core Team, 2019).

Log(N) = Log(N,) — (E)p Eq. 1
Where Log(N) is the Salmonella concentration at given time, Log(N,) is the average value of
the initial Salmonella concentration of three replicates at time zero of the storage period (i.e. end
of drying), ¢ is the time (days) required for the first Log reduction of Salmonella, p is a
dimensionless parameter describing the shape of the inactivation curve (i.e. p <1 concave; p =1
linear and p >1 convex) and t is the storage time (days).

The goodness-of-fit of the developed models was assessed by standard error of the parameter

estimates, residual sum of squares (RSS), root mean squared errors (RMSE).

2.5 Secondary model fitting
Polynomial models were developed to quantitatively characterize the effect of aw and storage
temperature on the kinetic inactivation parameters (¢ and p) resulting from the primary

modelling (Table 2).



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

Following the parsimony principle, the fit of the polynomial models to the kinetic inactivation
parameters, transformations (including square root, inverse, Ln and Log) were assessed
throughout the application of stepwise regression to obtain equations with only the significant
parameters. Estimation of model parameters and the associated standard errors was conducted
with the nls and Im function of the nls2 and stats packages of the R software (R Core Team,
2019).

Besides the classical two-step modelling approach described above, the one-step or global
modelling approach (Jewell, 2012; Martino & Marks, 2007) was applied, i.e. secondary
polynomial models for the inactivation parameters (¢ and p) were integrated into the Weibull
primary model equation.The goodness-of-fit of the developed models was assessed by the
standard error of the parameter estimates, RSS and the RMSE. The F-test (Eq. 2) was applied to

assess the need of two different models for low-acid and acid DFS (Zwietering et al., 1990).

(RSSNH_RSSAH)/(df AF ar)
NH—™Y%J AH

F =
RSSap—dfan

Eq. 2

Where RSSyw and dfyw were the Residual Sum of Squares and the degrees of freedom (number
of points-number of parameters of the model) respectively, of the global model common for
both types of DFS (null hypothesis) and RSSa+ and dfan were the Residual Sum of Squares and
the degrees of freedom respectively, of the global model with specific parameter coefficients for
each type of DFS (alternative hyphotesis).

The effect of the environmental conditions on the shape inactivation curve of Salmonella was
assessed with the comparison of two global models: i) a global model with a polynomial model
for describing the effect of temperature and a,, on the p parameter and ii) a global model with a
fixed p value independent of the environmental conditions. The comparison was assessed using
the F-test (Eq. 2), where RSSyn and dfyn were the Residual Sum of Squares and the degrees of
freedom (humber of points-number of parameters of the model) respectively, of the constrained
model (global model with fixed p value; null hypothesis) and RSSan and dfan are the Residual
Sum of Squares and the degrees of freedom respectively, of the global model with a polynomial

model describing the effect of temperature and aw on the p parameter (alternative hypothesis).
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2.6 Evaluation of the model performance

Predictions obtained by the models developed were compared with totally independent data
obtained by the Technical University of Denmark (DTU) about Salmonella behaviour in acid
and low-acid fermented sausages during storage after being fermented and dried under the
conditions detailed in Gunvig et al. (2016). The data are included in Supplementary Tables 2
and 3. The Acceptable Simulation Zone (ASZ) approach was used to compare the predicted and
observed Salmonella reduction during the storage of the DFS. Due to the scattering of the
observed data, simulations were considered acceptable when at least 70% of the observed Log

N values were inside the acceptable zone of + 1 Log (Mgller et al., 2016).

3. Results and Discussion

3.1.Salmonella, lactic acid bacteria and pH during the fermentation and drying processes

In low-acid DFS without starter culture, a slight increase of Salmonella was observed during the
first days of the process, followed by a slight decrease, with a total reduction of less than 1 Log
unit. In this type of sausages, LAB took at least 7 days to reach the stationary phase (i.e. 8 Log
cfu/g) and pH did not decrease below 5.3 (Supplementary Table 1). In acid DFS, LAB reached
the stationary phase levels in just 1 day and the pH decreased down to 4.6-4.8. The highest
reduction of Salmonella levels, 2.5-2.7 Log units, was recorded for those processes leading to
acid DFS with the lowest a, (0.88 and 0.90) highlighting the role of acidification on the loss of
viability of Salmonella. On the other hand, in DFS with a higher a, (0.93) Salmonella counts
only decreased by ca. 1 Log, being statistically similar (p-value > 0.05) to the pathogen
inactivation observed in low-acid DFS with the same aw. As a result of the different behaviour
of Salmonella occurring during the production of the different types of sausages, the levels and
the physiological status of the pathogen in the end-product (at the beginning of the storage)
were not equal in all the conditions studied and this might have influenced the subsequent
behaviour during the storage at different temperatures (section 3.2). It has been described that to
survive stresses intrinsically associated with fermentation and drying, Salmonella develops

10
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complex mechanisms of stress adaptation increasing its tolerance and survival against harsh
environmental conditions, thus affecting the behaviour during the subsequent storage of DFS
(Mutz et al., 2020). The behaviour of Salmonella during the storage of DFS has been frequently
investigated inoculating the pathogens on slices of the end product, e.g. (Calicioglu et al.
(2002), Dalzini et al. (2014) and Porto-Fett et al. (2008). However, this approach does not
represent the actual contamination event, as Salmonella comes from contaminated raw materials
(Barbuti & Parolari, 2002) with a relevant prevalence in fresh pig meat used for DFS

manufacture (up to 23.7%, Martin et al., 2011).

3.2. Salmonella behaviour during storage of low-acid and acid sausages

Figure 1 shows the survival of Salmonella during storage in the 24 combination of conditions
assayed. Results indicated that under the evaluated conditions, both low-acid and acid DFS were
not only bacteriostatic but also bactericidal against Salmonella. However, different extent of
Salmonella inactivation was observed depending on the acidity and the aw of the DFS as well as
the storage temperature. Specifically, at the storage time of ca. 60 d, a reduction of 3.0 Logs in
the Salmonella level was observed in low-acid DFS with a a. of 0.88 and stored at 25 °C. At the
same storage time and temperature, higher reductions of Salmonella were observed for the same
type of DFS with higher aw, 0.90 (3.7 Log) and 0.93 (4.0 Log), indicating that Salmonella could
have adquired higher resistance during the manufacture of DFS with lower ay, that those
showing higher a. at the end of the drying. These findings are in agreement with those found by
Farkos et al. (2013) dealing with low moisture foods inoculated with dried cells of Salmonella,
showing an increased survival capacity with decreasing aw of the matrix. In the work performed
with L. monocytogenes inoculated in slices of dry-cured ham, the lower ay the higher the
inactivation (Serra-Castell6 et al. 2020). In that case, however, L. monocytogenes was exposed
to the product characteristics and storage conditions after the manufacturing, thus without
previous adaptation, which can be the reason for the different impact of the aw. In acid DFS,
these reductions were enhanced by ca. 2 Logs, showing the relevance of the acidity of the

product in promoting the pathogen inactivation. The effect of storage temperature was also very

11
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remarkable since no relevant Salmonella reduction (< 1 Log) was found after 60 d of storage at
4 °C in any of the products assessed. In summary, higher reduction of Salmonella was recorded
in DFS with higher a. and stored at higher temperatures and this inactivation was enhanced in
acid DFS. These results highlight the importance of the product intrinsic factors (aw and pH) and
its combination with the storage temperature. In this regard, the observed bactericidal effect
could be related with the metabolic exhaustion phenomenon associated with the combination of
antimicrobial hurdles in agreement with the principles of the hurdle technology developed by
Leistner (2000). Accordingly, in shelf-stable products with physicochemical characteristics not
supporting the growth of microorganisms the viability of bacterial cells is compromised because
they completely use up their energy trying to repair homeostasis mechanisms, causing a die-off
of the microorganisms along the storage. The inactivation rate is known to be higher when the
temperature increases towards the optimal growth for the microorganisms as well as when some
of the other physicochemical characteristics (pH or aw) approach limits of the microbial growth
(Leistner, 2000; Serra-Castellé et al., 2020). In the present study, room temperature storage,
acidity and high aw (0.93, i.e. the minimum a, for Salmonella growth when other factors are
optimal (ICMSF, 1996) of the DFS, would be conditions favouring metabolic exhaustion.
Overall, results indicated that the storage of low-acid and acid DFS at selected temperature
conditions (e.g. 25 °C) would favour the inactivation of Salmonella cells, even adapted to the
stress of fermentation and drying conditions. Therefore, sausage manufacturers can design a
control measure into their manufacturing operations based on this phenomenon to minimize the

risk of non-compliance with the Salmonella zero-tolerance policy.

3.3. Primary modelling of Salmonella behaviour during storage

The Weibull model (Eg. 1) was found to be appropriate to describe Salmonella reduction
(inactivation) during the storage (Table 1), as also reported in other low-moisture foods
(Santillana-Farakos, 2013), although the fit of the model was poor for low-acid DFS stored at

low temperature (4°C) conditions due to the lack of inactivation within the time frame of the
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present experiment (3 months). This was the reason for the associated high standard errors of
the Weibull parameters estimated for this particular case.

At the three evaluated levels of aw, higher values of the ¢ parameter of the Weibull model, i.e.
the time for the first Log reduction of Salmonella, were obtained in low-acid DFS compared
with acid DFS with the same aw and stored at the same temperature (Table 1), quantifying the
enhanced Salmonella inactivation in acid DFS with reductions in ¢ of up to 2.4-fold in the driest
DFS. Moreover, in both products, 6 was increased with increasing a and decreasing storage
temperature, indicating the enhancement of the Salmonella lethality due to the low aw and high
storage temperature (up to 25 °C). For example, in low-acid DFS with the lowest a,, (0.88), a ca.
one week of storage at 25 °C would be enough to decrease Salmonella counts by 1 Log, but
little or no microbiologically relevant Salmonella inactivation would be expected after 90 d at 4
°C.

These results were also supported by the p parameter of the Weibull model, that described
different inactivation shape curves depending on the a,, of the product and storage temperature.
At 25 °C, p values tended to be below 1 in most of the conditions, indicating a higher
inactivation of the pathogen at the beginning of the storage followed by a slow down of the rate
of inactivation of Salmonella. On the other hand, at lower storage temperatures, p values tended
to be higher than 1 in most of the cases, corresponding to a convex curve (shoulder shape),
indicating lower inactivation at the beginning of the storage, probably due to a slow down in the
metabolism of Salmonella at temperatures close or below its minimum growth temperature,

described to be below 7 °C for most serotypes (ICMSF 1996).

3.4. Secondary and global modelling

The Log transformation for ¢ parameter and the inverse transformation for p parameter were
chosen for both products, i.e. low-acid and acid DFS, as they gave the best fit (Table 2). The
polynomial models developed indicated that 6 and p parameters were linearly dependent on aw
and storage temperature. In addition, the quadratic term found for awin the polynomial model
for p, described the great effect of aw on the shape of the Salmonella inactivation curve. Refined

13
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model parameters (Table 2) were obtained through the one-step (global) approach, integrating
of the secondary polynomials developed for the inactivation parameters in the Weibull primary
model equation and the re-fitting of this combined model to the entire set of 350 data points of
Salmonella in both types of DFS. Interestingly, the F-test indicated that equations obtained for o
parameters of both products were statistically different but not the ones describing the p
parameter, thus, a unique model for the p parameter was considered for both low-acid and acid
DFS. Despite not being significantly influenced by the type of product, p parameter showed to
be affected by the environmental conditions, i.e. storage temperature and aw. The F-test (Eq. 2)
statistical comparison between the global model with a polynomial model for the p parameter
and the global model with a fixed p parameter, resulted in a high F value (121.09) showing that
the constrained model (model with fixed p) could not explain the same variance as the complex
model. Thus, results suggested that the effect of temperature and a, has to be considered when
characterizing the shape of the inactivation curve of Salmonella in fermented sausages.

The inoculation of Samonella in the raw materials of different types of sausages lead to different
levels in the final product, i.e. at the beginning of storage. Despite this could be a drawback as
different initial levels could affect the characterization of the behaviour of the pathogen, this is
especially relevant when dealing with low inoculum levels, where the variability in the counts
together with being in a region close to the plate count detection limit highly affect the shape of
the inactivation/growth curves (Mataragas et al., 2015). However, in the present study the levels
of Salmonella recorded at the end of the drying process (i.e. at the beginning of the storage
period assessed), were high enough to allow a proper characterization of the shape of the
inactivation curve of the pathogen during the storage time. At the same time, data covered the
impact that the sequential exposure of Salmonella to stresses during the DFS manufacturing
processes (acidification and drying) could have on the subsequent inactivation during the
storage, which should not be covered if Salmonella had been inoculated in the end product
without being exposed to the fermenentation and drying. Tiganitas (2009) highlighted the
impact of the order in the application of hurdles, showing that the lethality due to acid and
osmotic stresses was higher when the stresses were applied sequentially compared to their
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simultaneous application. Our results would indicate that fermentation (acidification due to
organic acids produced by LAB) would increase Salmonella sensitivity during storage. The
impact of drying (low aw) was different at the beginning of the storage in comparison with the
later stages of the study. In this respect, for the 6 parameter, the lower the ay the shorter the time
for the first log reduction, thus a lower a favored the early inactivation. However, when taking
into account the long term data, considering the whole inactivation curve (p parameter), the
results indicate that lower ay resulted in lower total inactivation, indicating that the low ay
favored the occurrence of a tail of resistant cells.

Therefore, the model was built considering representative of foreseeable industrial conditions
leading to different Salmonella levels and physiological states as a result of the different
resistance and adaptation of the pathogen to the process conditions. The model will provide
useful information to manufacturers producing different types of DFS to assess the feasibility of
applying a short storage period prior to their release to the market, thaking the advantage of the

non-thermal inactivation effects of the product on Salmonella.

3.5. Effect of acidity on Salmonella inactivation during storage

Results from the secondary and global modelling (section 3.4) indicated that the level of
acidification in DFS affected the time for the first Log reduction of Salmonella but not the
inactivation curve shape. Therefore, contrary to aw, the acidity of the product enhanced
Salmonella inactivation without changing the overall shape inactivation behaviour of the
pathogen towards a and storage temperature, indicating these were the main factors influencing
the shape of the curve of Salmonella during storage. Interestingly, a linear relationship was
observed when plotting the ratio of ¢ predicted by the global model from acid and low-acid DFS
with the same aw versus storage temperature (Figure 2) and it was quantified through a linear

relationship described by Eq. 3 with a goodness-of-fit of R?,q; of 0.964.

_Sacid_ — (04494 + 0.0138 - T Eq. 3

5low—acid
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where dacid and diow-acid are the & values predicted by the global model for acid DFS (Table 2) and
T is the storage temperature.

In acid DFS, the time for the first Log reduction of Salmonella decreased by 50, 41, 34 and 21%
at storage temperatures of 4, 10, 15 and 25°C, respectively, in comparison with the values found
in low-acid DFS, indicating that the effect of the acidification during the DFS production
(leading to different levels and physiological status of the pathogen) on the subsequent
Salmonella inactivation was stronger at lower storage temperatures.

Regarding aw and although the ratio dacid / diow-acia Was systematically higher in sausages with
higher ay, it was not statistically different from ratio of 6 found in sausages with lower ay, at the
same storage temperature (p-value>0.05), indicating that the ratio of § was not significantly
affected by the a, when sausages were stored at the same temperature. Thus, the effect of acidity
on the first Log reduction of Salmonella in DFS was suggested to be mainly dependent on the

storage temperature but not on the aw.

3.6. Assessment of the predictive performance of the developed models

Only a few scientific studies are available regarding the behaviour of Salmonella during the
storage of DFS. In these studies considerably different fermentation and drying conditions,
diameter and sausage formulation were used, which are reported to affect the inactivation of
Salmonella in DFS (Mataragas et al., 2015), hindering the comparison of the pathogen reduction
loads reported by literature with the ones obtained in the present study. Moreover, in most of
them, Salmonella was inoculated into ripened DFS, thus, without taking into account the effect
of the progressive adaptation to the harsh product caracteristics on the Salmonella behaviour
during the storage period.

Low-acid and acid DFS with characteristics and physicochemical parameters similar to the ones
assessed in the present study were studied by Gunvig et al. (2016) and the Salmonella counts
obtained during the storage of these products were used as totally independent data to evaluate
the predictive performance of the developed models (Supplementary Tables 2 and 3). Results
showed that for low-acid DFS, 65/115 (62%) of the predictions obtained with the developed
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model were within the ASZ (+ 1 Log) (Supplementary Table 2). It is worth to highlight that
most of the residuals obtained with the comparison of the observed and predicted Salmonella
counts were negative, especially for temperatures above 16 °C, indicating that the model
provided slightly fail safe predictions. On the other hand, this trend was not observed at 5°C,
where slightly/or no inactivation of Salmonella was expected. These results could be explained
by the conservative pH values (i.e. worst case scenario, pH 5.6-5.7) of the DFS used in the
present study for developing the model, which were slighly higher than those of the DFS (pH
5.1-5.6) used for the evaluation of the predictive performance of the model for low-acid DFS.
Regarding the prediction of Salmonella counts in acid DFS, 94/117 (80 %) of the predictions
were within the ASZ (£ 1 Log) (Supplementary Table 3), indicating a good predictive
performance of the model developed for acid DFS.

Overall, results showed the good predictive performance of the models and reported evidences
that models could be an objective and reliable tool to calculate the Salmonella reduction by the
application of a corrective storage period.

The developed model quantified the inactivation of Salmonella during the storage of DFS with
different physicochemical properties (i.e. different ay and pH at the beginning of storage). The
greatest strength of the model lies in the experimental design of the study, which through the
simulation of a Salmonella contamination in the raw materials, takes into account the harsh

conditions of the processing process.

3.7. Application of the developed models

The bactericidal effect against Salmonella observed during the storage of DFS could be used for
sausage manufacturers as a lethality treatment to enhance the Salmonella inactivation in the
product before being released into the market, particularly if suspected to be contaminated with
the pathogen. The predictive models developed in this study would assist manufacturers to set
the necessary time and temperature to achieve the desired reduction of Salmonella in different
types of sausages (low-acid and acid) as a function of the a, of the finished product. In this
framework, the developed model predicts that a short corrective storage time of 5to 8 d
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(depending on the ay of the DFS) would let to a 1 Log reduction of the Salmonella
concentration in acid DFS. Overall, and considering the estimated shelf-life of the fermented
sausages, the application of a such corrective storage time immediately after the drying process
and before the commercialization of the product could be used by sausage manufacturers as a

control measure to enhance the reduction of Salmonella levels.

4. Conclusions

Dry fermented sausage manufacturers can take advantage of the time-temperature conditions of
the storage and the physicochemical characteristics of the product, mainly aw, to further
enhance Salmonella inactivation. For this purpose, the developed models quantifying the
bactericidal effect of the temperature and low aw during the storage of DFS can be used by food
manufacturers as a risk management tool to design a corrective storage and hence, to establish a
risk minimization strategy to enhance Salmonella reduction when the fermentation and drying

processes are not enough to reduce the levels of Salmonella in the product.
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Figure Captions

Figure 1. Behavior of Salmonella in low-acid and acid dry fermented sausages (DFS) with
different a., and stored at 4, 10, 15 and 25 °C. Symbols represent the observed pathogen counts

in Log cfu/g (n=3) and lines show the fit of the global model shown in Table 2.

Figure 2. Ratios of predicted 6 of low-acid and acid dry fermented sausages with different ay
and stored at different storage temperatures (4, 10, 15 and 25 °C). The line shows the fit of the

linear model according to Eq. 3.

Table Captions

Table 1. Estimated inactivation kinetic parameters resulting from fitting the primary Weibull
model to the Salmonella counts obtained for low-acid and acid dry fermented sausages (DFS)

with different physicochemical characteristics and stored at different temperatures.

Table 2. Estimated coefficients of the global model resulting from the fitting to values of the

primary and secondary inactivation kinetics of Salmonella in dry fermented sausages.

Supplementary Table 1. Description of the physicochemical (pH and a.) and microbiological
(Salmonella and LAB levels) characteristics of low-acid and acid dry fermented sausages along

the production process.

Supplementary Table 2. Comparison of observed and predicted Salmonella concentration

during the storage of low-acid dry fermented sausages.

Supplementary Table 3. Comparison of observed and predicted Salmonella concentration

during the storage of acid dry fermented sausages.
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Table 1

Product Experimental conditions Kinetic parameters Goodness of fitd
DFS aw TP LogNe® o pd n® RSS RMSE
(PH)* i Log cfu/g days
Low-acid 0.878 + 0.002 4 6.53 156.11 +73.75 147+1.05 10 0.220 0.166
(5.68+0.11) 10 6.53 130.00 £ 187.00 2.05+6.63 10 0.227 0.168
15 6.53 32.25+5.14 1.25+0.21 10 0.721 0.300
25 6.53 6.81+2.77 0.51+0.09 13 2.178 0.445
0.889 + 0.001 4 6.47 64.85 + 8.98 141+0.67 12 1.690 0.411
(5.60 £ 0.07) 10 6.47 49.16 + 7.25 145+047 12 1.306 0.362
15 6.47 39.09+4.34 1.34+0.20 17 1.201 0.283
25 6.47 8.93+1.12 0.71+£0.05 30 4.879 0.417
0.932 + 0.000 4 5.02 105.67 £19.47 1.22+056 13 0.585 0.231
(5.64 £ 0.03) 10 5.02 59.47 +5.34 127+036 12 0.722 0.269
15 5.02 48.63 +5.88 148+0.34 13 1.394 0.356
25 5.02 13.82+£3.78 1.03+£0.17 13 4.942 0.670
Acid 0.883 + 0.002 4 3.27 64.44 + 6.10 3.01+£130 10 0.993 0.407
(4.83+£0.15) 10 3.27 59.73 £ 9.05 143+£058 11 1.317 0.383
15 3.27 15.29 £7.30 0.80+0.24 13 7.030 0.799
25 3.27 4.20 £0.97 0.51+£0.05 19 2.539 0.386
0.903 + 0.002 4 3.54 5340+17.81 050+0.31 12 2.119 0.460
(5.06 £ 0.03) 10 3.54 35.23+7.82 1.28+0.34 18 6.629 0.644
15 3.54 9.91+£3.73 0.76£0.16 24 27.077 1.109
25 3.54 6.21£1.17 0.67+£0.10 27 5.228 0.457
0.930 + 0.002 4 5.09 64.54+16.66 048+0.28 12 1.213 0.348
(4.70 £ 0.05) 10 5.09 4230+8.06 2.04+057 12 6.635 0.815
15 5.09 26.45 + 5.38 135+0.25 13 4.622 0.648
25 5.09 5.38+2.08 0.67+0.10 14 5.472 0.676

2 ayw and pH of the DFS at the beginning of the storage + standard deviation .
b storage temperature.
¢ LogNo is the average value of the initial Salmonella counts of three replicates at the beginning of the

storage.

d Parameter estimates + standard error.
¢ n: number of count data, i.e. Log (N), included for fitting. RSS: residual sum of squares; RMSE: root
mean of squared errors.



Table 2

Sausage Coefficients of the polynomial models? Goodness of fit?
type a b c d e f n P RMSE Ry
Sencondary Log(8)=a+b-T+c-a, 0.18
modelling 2.03+2.29 -0.05+0.01 0.29+2.53 - - - 12 3 0.831
Low-acid
1/p =a+b-T+c-a,’? 3.71+3.09 0.05 +0.01 -4.00 + 3.42 - - - 12 3 0.24 0.742
Log(6)=a+b-T+c-a, 0.92+1.89 -0.05+0.01 1.26 +2.09 - - - 12 3 0.15 0.887
Acid
1/p =a+b-T+c-a,? 147 +3.15 0.05+0.01 -1.40 £3.48 - - - 12 3 0.16 0.915
Slobe. Log(V) . Low-acid 040105  -006+0.00  2.95+115
Y t d+e-T+f(aw?) 554+092 0.04+000 -6.15+1.09 350 9 1.05 -
= Log(No) — (W
Acid 1.30+1.03 -0.05 +0.00 359+1.12

a Parameter estimates + standard error

®n: number of Salmonella counts (LogN). J (days) or p values included for fitting; P: number of estimated parameters of the model; RMSE: root mean of squared
errors; R%g: adjusted coefficient of determination.



Supplementary Table 1

Industrial process

Physicochemical characteristics

Microbiological counts

target aw Sampling
time (days) Low-acid DFS Acid DFS Low-acid DFS Acid DFS
Salmonella LAB Salmonella LAB
pH aw pH aw (Log cfulg)  (Log cfu/g) (Log cfu/lg)  (Log cfulg)
0.88 Stuffingday 5.73+0.02 0.978+0.001 5.72+£0.03 0.976 +0.001 5.81+0.11 2.75+0.60 571+0.04 7.22+0.06
1 576 +£0.01 0.973+0.002 493+0.10 0.972+0.002 755+0.06 5.81+0.10 571+0.09 8.86+0.05
7 5.37+£0.06 0.954 +0.013 462+0.06 0.947 £0.013 7471025 7.39+0.15 496+0.13 8.85+0.06
14 5.37+0.03 0.898+0.011 487+0.01 0.896 +0.057 7.33+0.21 8.63+0.06 3.69+0.07 8.84+0.01
21days® 5.68+0.11 0.878+0.002 4.83+0.15 0.883+0.002 6.53+0.17 8.64+0.05 3.27+0.08 8.68+0.14
0.90 Stuffingday 5.88+0.10 0.978 £0.001 5.95+0.08 0.975+0.001 5.93+0.03 2.69+0.38 5.85+0.06 7.03+0.04
1 5.89+0.01 0.978+0.001 5.18 £0.02 0.976 £ 0.002 6.90+£0.20 5.50 +0.08 6.25+0.26 8.88+0.04
4 5.92+0.02 0.973+0.002 4.77+0.04 0.968 +0.000 7.47+0.06 7.58+0.09 570+0.05 8.93+0.07
7 5.79£0.09 0.964 +0.003 4.83+0.03 0.956 +0.004 7.73+0.39 8.31+0.07 463+0.10 8.91+0.04
14 5.52+0.04 0.934+0.008 4.83+0.02 0.922 +£0.008 6.83+0.25 8.45+0.09 411+0.08 9.00+0.09
202 5.60£0.07 0.889+0.001 5.06 £0.03 0.903 +0.002 6.47+0.37 8.30+0.12 354+0.19 8.89+0.01
0.93 Stuffingday 5.78+0.08 0.974 £0.001 5.76 £0.04 0.976 +0.001 564+0.10 3.10+0.14 5.84+0.04 7.22+0.03
1 5.72+0.01 0.969 + 0.002 5.01£0.03 0.966 + 0.002 5.68+0.13 5.37+0.18 558+0.01 8.67+0.04
3 5.77+0.01 0.962 +0.003 4.75+0.01 0.965+0.003 570+0.05 7.15+0.07 554+0.02 8.68+0.05
7 5.61+0.01 0.954 +0.002 4.69+0.04 0.955+0.002 5.60+0.27 8.20+0.05 5.22+0.03 8.63+0.03
112 5.64+0.03 0.932+0.002 4.70+£0.05 0.930 +0.002 5.02+0.37 8.22+0.06 5.09+0.02 8.64+0.01

& End of the drying



Supplementary Table 2

_ Temperature ' Observeq Predicte(_j Obse_rved—
Recipe C) pH aw Time (days) concentration concentration predlcteq
(Log N) (Log N) concentration
4 5 53 0.898 0 3.30 3.30 0.00
5 53 0.898 15 2.80 2.26 0.54
5 53 0.898 15 2.96 2.26 0.70
5 53 0.898 28 3.10 1.61 1.49
5 53 0.898 28 3.38 1.61 1.77
16 53 0.898 0 3.30 3.30 0.00
16 53 0.898 10 2.46 3.15 -0.69
16 53 0.898 10 2.67 3.15 -0.48
16 53 0.898 15 2.23 3.05 -0.82
16 53 0.898 15 2.32 3.05 -0.73
22 53 0.898 3.30 3.30 0.00
22 53 0.898 2.18 3.25 -1.08
22 53 0.898 2.43 3.25 -0.82
22 53 0.898 15 1.70 3.18 -1.48
22 53 0.898 15 1.60 3.18 -1.58
5 5.2 0.898 0 3.30 3.30 0.00
> 5 52 0.898 15 2.86 2.26 0.60
5 52 0.898 15 3.03 2.26 0.76
5 52 0.898 30 2.92 1.52 1.41
5 52 0.898 30 3.03 1.52 151
16 52 0.898 0 3.30 3.30 0.00
16 52 0.898 10 2.72 3.15 -0.42
16 52 0.898 10 2.69 3.15 -0.46
16 52 0.898 15 2.53 3.05 -0.52
16 52 0.898 15 2.69 3.05 -0.36
22 52 0.898 3.30 3.30 0.00
22 52 0.898 251 3.25 -0.75
22 52 0.898 2.74 3.25 -0.51
22 52 0.898 15 1.90 3.18 -1.28
22 5.2 0.898 15 1.95 3.18 -1.23
23 5 52 0.912 0 4.34 4.34 0.00
5 52 0.912 13 2.70 3.40 -0.70
5 52 0.912 13 3.38 3.40 -0.02
5 52 0.912 26 3.42 2.89 0.53
5 52 0.912 26 3.41 2.89 0.52
16 52 0912 4.34 4.34 0.00
16 52 0.912 2.60 4.25 -1.65
16 52 0.912 2.90 4.25 -1.34



16 52 0.912 13 3.05 4.08 -1.03
16 52 0912 13 2.93 4.08 -1.15
22 52 0912 4.34 4.34 0.00
22 52 0.912 2.90 4.30 -1.40
22 52 0912 2.95 4.30 -1.35
22 52 0912 12 2.08 4.23 -2.15
22 52 0.912 12 2.18 4.23 -2.05

24 5 5.3 0.889 0 5.20 5.20 0.00
5 5.3 0.889 13 5.60 4.28 1.32
5 53 0.889 13 5.64 4.28 1.36
5 5.3 0.889 26 5.74 3.51 2.23
5 5.3 0.889 26 5.76 3.51 2.26
16 5.3 0.889 5.20 5.20 0.00
16 5.3 0.889 5.03 5.10 -0.08
16 5.3 0.889 5.48 5.10 0.37
16 5.3 0.889 13 4.89 5.02 -0.12
16 5.3 0.889 13 4.90 5.02 -0.11
22 5.3 0.889 5.20 5.20 0.00
22 5.3 0.889 4.69 5.18 -0.48
22 5.3 0.889 5.59 5.18 0.42
22 5.3 0.889 13 4.77 5.12 -0.35
22 53 0.889 13 4.40 5.12 -0.72

25 5 53 0.894 0 3.20 3.20 0.00
5 5.3 0.894 14 2.43 2.22 0.21
5 5.3 0.894 14 2.43 2.22 0.21
5 5.3 0.894 27 2.26 1.51 0.75
5 5.3 0.894 27 2.11 1.51 0.60
16 5.3 0.894 3.20 3.20 0.00
16 5.3 0.894 1.48 3.08 -1.60
16 5.3 0.894 2.15 3.08 -0.93
16 5.3 0.894 14 1.90 2.98 -1.08
16 5.3 0.894 14 1.70 2.98 -1.28
22 5.3 0.894 3.20 3.20 0.00
22 5.3 0.894 1.60 3.16 -1.56
22 5.3 0.894 7 1.30 3.16 -1.86
22 53 0.894 14 1.00 3.10 -2.10
22 5.3 0.894 14 1.00 3.10 -2.10

26 5 5.6 0.891 0 5.60 5.60 0.00
5 5.6 0.891 14 472 4.62 0.11
5 5.6 0.891 14 4.73 4.62 0.11
5 5.6 0.891 29 4.71 3.77 0.94
5 5.6 0.891 29 454 3.77 0.77
16 5.6 0.891 0 5.60 5.60 0.00



16 5.6 0.891 4.00 5.48 -1.48
16 5.6 0.891 412 5.48 -1.36
16 5.6 0.891 14 3.95 5.39 -1.44
16 5.6 0.891 14 3.93 5.39 -1.46
22 5.6 0.891 5.60 5.60 0.00
22 5.6 0.891 3.92 5.57 -1.64
22 5.6 0.891 3.77 5.57 -1.80
22 5.6 0.891 14 3.22 5.50 -2.29
22 5.6 0.891 14 3.34 5.50 -2.16
27 5 5.3 0.888 0 2.00 2.00 0.00
5 5.3 0.888 13 2.28 1.08 1.20
5 53 0.888 13 2.11 1.08 1.03
5 53 0.888 28 1.95 0.18 1.77
5 53 0.888 28 1.48 0.18 1.30
16 53 0.888 2.00 2.00 0.00
16 53 0.888 1.60 1.90 -0.30
16 53 0.888 1.48 1.90 -0.43
16 53 0.888 13 1.30 1.82 -0.52
16 53 0.888 13 1.00 1.82 -0.82
22 53 0.888 2.00 2.00 0.00
22 53 0.888 1.00 1.98 -0.98
22 53 0.888 1.00 1.98 -0.98
22 53 0.888 13 1.00 1.92 -0.92
22 53 0.888 13 1.00 1.92 -0.92

@ Recipes described in Gunvig et al., 2016.



Supplementary Table 3

_ Temperature _ Observeq Predicteq Obse_rved—
Recipe C) pH aw Time (days) concentration concentration predlcteq
(Log N) (Log N) concentration
1 5 5.0 0.872 0 2.60 2.60 0.00
5 5.0 0.872 13 2.26 1.94 0.32
5 5.0 0.872 13 2.66 1.94 0.72
5 5.0 0.872 28 2.15 111 1.04
5 5.0 0.872 28 2.74 1.11 1.63
16 5.0 0.872 2.60 2.60 0.00
16 5.0 0.872 1.95 2.55 -0.60
16 5.0 0.872 2.00 2.55 -0.55
16 5.0 0.872 13 2.11 2.50 -0.38
16 5.0 0.872 13 1.95 2.50 -0.54
22 5.0 0.872 2.60 2.60 0.00
22 5.0 0.872 1.00 2.59 -1.59
22 5.0 0.872 1.60 2.59 -0.99
22 5.0 0.872 13 1.00 2.56 -1.56
22 5.0 0.872 13 1.60 2.56 -0.96
3 5 4.8 0.869 0 2.40 2.40 0.00
5 4.8 0.869 14 1.85 1.69 0.15
5 4.8 0.869 14 1.90 1.69 0.21
5 4.8 0.869 29 1.78 0.83 0.95
5 4.8 0.869 29 2.11 0.83 1.28
16 4.8 0.869 2.40 2.40 0.00
16 4.8 0.869 1.48 2.34 -0.87
16 4.8 0.869 1.60 2.34 -0.74
16 4.8 0.869 14 1.30 2.29 -0.99
16 4.8 0.869 14 1.78 2.29 -0.51
22 4.8 0.869 2.40 2.40 0.00
22 4.8 0.869 1.00 2.39 -1.39
22 4.8 0.869 1.00 2.39 -1.39
22 4.8 0.869 14 1.00 2.35 -1.35
22 4.8 0.869 14 1.00 2.35 -1.35
6 5 4.9 0.890 0 2.60 2.60 0.00
5 4.9 0.890 15 2.08 1.79 0.29
5 49 0.890 15 2.11 1.79 0.32
5 4.9 0.890 28 1.70 1.21 0.49
5 4.9 0.890 28 2.20 1.21 0.99
16 49 0.890 0 2.60 2.60 0.00
16 4.9 0.890 10 1.95 2.50 -0.55
16 4.9 0.890 10 2.04 2.50 -0.46



16 4.9 0.890 15 1.78 2.43 -0.65
16 4.9 0.890 15 1.70 2.43 -0.73
22 4.9 0.890 2.60 2.60 0.00
22 4.9 0.890 1.48 2.57 -1.09
22 4.9 0.890 1.48 2.57 -1.09
22 4.9 0.890 15 1.00 2.53 -1.53
22 4.9 0.890 15 1.30 2.53 -1.22
10 5 4.9 0.870 0 3.10 3.10 0.00
5 4.9 0.870 14 2.46 2.39 0.07
5 4.9 0.870 14 2.28 2.39 -0.11
5 4.9 0.870 29 3.20 1.54 1.66
5 4.9 0.870 29 2.60 1.54 1.07
16 4.9 0.870 3.10 3.10 0.00
16 4.9 0.870 2.63 3.04 -0.41
16 4.9 0.870 2.43 3.04 -0.61
16 4.9 0.870 14 1.78 2.99 -1.21
16 4.9 0.870 14 1.90 2.99 -1.08
22 4.9 0.870 0 3.10 3.10 0.00
22 4.9 0.870 7 2.20 3.09 -0.88
22 4.9 0.870 14 1.70 3.05 -1.36
22 4.9 0.870 14 1.78 3.05 -1.28
12 5 4.7 0.855 0 2.00 2.00 0.00
5 4.7 0.855 13 1.60 1.38 0.22
5 4.7 0.855 13 1.00 1.38 -0.38
5 4.7 0.855 28 2.11 0.40 1.71
5 4.7 0.855 28 1.30 0.40 0.90
16 4.7 0.855 2.00 2.00 0.00
16 4.7 0.855 1.00 1.97 -0.97
16 4.7 0.855 1.00 1.97 -0.97
16 4.7 0.855 13 1.00 1.92 -0.92
16 4.7 0.855 13 1.00 1.92 -0.92
22 4.7 0.855 2.00 2.00 0.00
22 4.7 0.855 1.00 1.99 -0.99
22 4.7 0.855 2.30 1.99 0.31
22 4.7 0.855 13 1.00 1.97 -0.97
22 47 0.855 13 0.70 1.97 -1.27
13 5 4.8 0.902 0 2.40 2.40 0.00
5 4.8 0.902 15 2.18 1.57 0.61
5 4.8 0.902 15 2.00 1.57 0.43
5 4.8 0.902 28 2.00 1.08 0.92
5 4.8 0.902 28 1.95 1.08 0.87
16 4.8 0.902 0 2.40 2.40 0.00
16 4.8 0.902 10 1.48 2.28 -0.80



16 4.8 0.902 10 2.08 2.28 -0.20
16 4.8 0.902 15 1.85 2.20 -0.35
16 4.8 0.902 15 1.00 2.20 -1.20
22 4.8 0.902 2.40 2.40 0.00
22 4.8 0.902 1.78 2.36 -0.58
22 4.8 0.902 2.00 2.36 -0.36
22 4.8 0.902 15 1.90 2.31 -0.40
22 4.8 0.902 15 1.78 2.31 -0.53

18 5 45 0.904 0 1.00 1.00 0.00
5 45 0.904 13 1.00 0.24 0.76
5 45 0.904 13 1.00 0.24 0.76
5 45 0.904 26 1.00 -0.24 1.24
5 45 0.904 26 1.00 -0.24 1.24
16 45 0.904 1.00 1.00 0.00
16 45 0.904 1.00 0.94 0.06
16 45 0.904 1.00 0.94 0.06
16 45 0.904 13 1.00 0.82 0.18
16 45 0.904 13 1.00 0.82 0.18
22 45 0.904 1.00 1.00 0.00
22 45 0.904 1.00 0.98 0.02
22 45 0.904 1.00 0.98 0.02
22 45 0.904 12 1.00 0.93 0.07
22 45 0.904 12 1.00 0.93 0.07

22 5 5.0 0.927 0 5.81 5.81 0.00
5 5.0 0.927 13 5.28 4.97 0.31
5 5.0 0.927 13 5.40 4.97 0.43
5 5.0 0.927 26 5.25 4.66 0.58
5 5.0 0.927 26 5.16 4.66 0.50
16 5.0 0.927 5.81 5.81 0.00
16 5.0 0.927 5.73 5.70 0.03
16 5.0 0.927 5.45 5.70 -0.25
16 5.0 0.927 13 5.00 5.55 -0.55
16 5.0 0.927 13 4.98 5.55 -0.57
22 5.0 0.927 5.81 5.81 0.00
22 5.0 0.927 5.30 5.77 -0.47
22 5.0 0.927 5.57 5.77 -0.20
22 5.0 0.927 12 4.42 5.69 -1.27
22 5.0 0.927 12 4.85 5.69 -0.85

2 Recipes described in Gunvig et al., 2016.





