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Abstract

The food industry needsto develop new strategiesto formulate well-balancedproductsin terms of nutritional and
environmentalrequirementsand sensoryacceptabilityby consumersThe BaGaTelL databaséhasbeenbuilt, guidedby a

processand observationontology in food science,PO2 ontology, to integratedata on dairy foods compositionprocess,

nutritional and sensory properties, using a consensual model and a shared structured vocabulary. We searched the database,
using specific queries,for sampledor which dataof composition,rheologicalpropertiesand sensoryprofile analysiswere

available. However, the composition and structure of the dairy products and the measured variables are often very different,
which do not allow a direct comparison of the data. Thus, we made a selection of 68 model cheeses from 6 different projects
made with different compositions (fat, protein, minerals, and water). A principal component analysis (PCA) performed on this
setof samplesevealedthat the sensoryhardnessvas betterexplained bya low moisture-in-non-fat-conterthan bya high

protein contentas was often suggestedndthat the intensity of salty tastewasnot only linked to salt contentbut was also

modulated by cheese composition. Considering a subgroup of 22 samples from 3 projects, in which fat perception was also
measured, a partial least square analysis revealed that fat perception was not only explained by fat content but was also highly
influenced by salty taste, and that salty taste was more correlated with fat perception than with sodium ions content, highlighting
sensory fat-salty interactions.
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Introduction

The food processing sector is facing sustainability challenges of growing complexity, such as climate change,
increase of overweight, obesity or population aging. Tipesblemsmake it necessarfpr the food industry to
develop new strategies to formulate well-balanced products in terms of nutritional and environmental requirements
and sensory acceptability by consumers. To tackle this challenge, the BaGaTeL database has been built, guided by
a process and observation ontology in food science, PO2 ontology [1]. BaGaTeL aims to integrate data in the field
of reformulation of dairy products taking into account their nutritional and sensory properties, using a consensual
model and a sharedstructuredvocabulary.Our dataorganizationallows gatheringinformation from different
projects performed on different samples more or less comparable. The aim of the present paper is to demonstrate
that a common analysis of data obtained on samples from different projects could help to generalize the hypotheses
from the initial projects and even find new relationships. We restricted our analyses to model hard cheeses as they
represent 22% of the samples in BaGaTel, and focused on the links between cheese composition, structure and
sensory properties.

Experimental

Data from 65 different projects (693 samples) have been imported in BaGaTeL, with their associated metadata
(project title, coordinator,abstract,referencesmaterial, method, unit, description)[2, 3]. In BaGaTel,488
samples have data on rheological properties, 524 have data on sensory description but only 252 samples have data
on composition, rheological properties and sensory profile analysis. However, the food structures of these samples
are very differentfrom yogurt to hard cheese and the rheologinathods are differente thus restricted our
search to model hard cheeses, analysed by uniaxial compression and found 68 samples from six projects.

The statistical analyses (PCA and PLS) were performed with XLStat (Addinsoft, Paris, France). The whole set
of data is available on the DataINRAE open access repository in the BaGaTel dataverse [4]. The data are described
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(scatter plots) in Guichard et al. [5], with therredation matrices for the different sets of sam€able S1 for
PCA, Table S6 for PLS).

Results and discussion
Principal component analysis (PCA) on the wholeo&8 samples

The composition in lipid, protein, NaCl and watéttte samples in the different projects is giveable 1.

Table 1: Short description of the samples from thsix selected projects.

Project l\lu(r)r:‘ber cI(_)IrrlJtlgnt (I:D(;(rjlilr?'[ Added NaCl — Water Melting salts Ref. pH
samples  (g/kg) (g/kg) (9/kg) (9/kg) (9/kg)

Adi 8 80/160 | 2041t03104.94/14.94 600 0 [6] 5/6.2
Boisard 6 200t0280170t0240, 0/10 454 to 467 6,2 [7] | 6.67/6.85
Lawrence 18 7410176 236to 375 5to 15 537 to 616 0 [8] 6.2
Tarrega 8 160 to 240240 to 320 10 479 0 [9] 5.4
PraSel 24 17310 290228 t0 297 71025 419 to 542 0 np | 4.96/5.34
Phan 4 197/ 297 283 0 383 /483 31,2 10] 5.4

np: non published results (personal communication).

A principal component analysis (PCA) was done om @8 cheeses and 11 variables: 5 from the initial
composition extracted from BaGaTel, water, lipichtpin, sodium ions content (Na 2 rheological parameters,
YM (Young’s modulus) and FS (fracture stress) ars@sory descriptors, hard/firm and salty. In addito the
variables of composition used in the different pot§, three variables were calculated: (i) MNFSi¢tooe-in-
non-fat-substances) is a useful variable in cheeaaufacturing, and accounts for the available waiér
Lipid/DM (dry matter) better represents the impattipids in the lipid/protein network and (iii) Néwater is
more relevant to represent the concentration ifuseibns available for the taste receptors. Thes@bles were
not taken into account in the initial projects.
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Figure 1. Principal Component Analysis (PCA). Left: repretsdion of the 68 cheese samples in the plane 1-
2. Right: representation of the 11 variables in phene 1-2.

Figure 1 shows that there is a good overlap ofstdraples from the different projects in the printiplane
(Axes 1-2), which accounts for 67. 9% of the infation. The sensory descriptor hard/firm is expldibg a high
protein content (R2 = 0.542) and high YM (R2 = @K aAs was also suggested in the initial projdxisjever the
highest correlation (negative) is with MNFS (R20=723). The plot of hard/firm versus MNFS is shawfrigure
2.
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Figure 2: Relationships between hard/firm and MNFS=(R.723) in the set of 68 samples; fatty and lipid
(R?=0.578), salty and Na+/water @R0.348), salty and fatty ®0.613) in the set of 22 samples.

Our results confirm the impact of the protein netaon sensory hardness but also emphasize theive gale
of the amount of water in the non-fat phase. Oaiyesis also confirmed that salty taste was not emjylained by
Na+ and Na+/water, but also by the Young’s modahus fracture stress. This means that a more rasidtaese
will favour the release of sodium ions in salivaldhus increase salty taste. In the individual gety, salty taste
was influenced by the lipid content but the effediffered according to the projects. Phan et &D] found that
salty taste was higher in cheeses with a low lgaidtent and Boisard et al., [7] found that salsteéavas higher
in cheeses with a higher lipid/protein ratio, whi@nnot allow to generalise the effect. Moreovae, impact of
lipid, protein and water content was shown to vacgording to the salt content, as detailed in Ganglet al.,
[11].

As some authors suggested the existence of seimsargctions between salty and fatty perceptions@lected
the samples in which fatty perception was measumneatrder to test this hypothesis.

Partial least square (PLS) analysis on a subs&Zo$amples

A partial least square (PLS) analysis was donezoh2eses with the sensory descriptor fatty, tda@xphe
sensory perception (salty, fatty, hard/firm, cruylsticky, and springy) by data on composition g@meblogy.
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Figure 3: Partial least square (PLS) analysis on 22 samftemn Adi, Boisard and Tarrega projects. Left:
representation of the variables in the plane 1-@hR representation of the variables in the plair8.

The representation on axes 1-2 and 1-3 (Figurd@s that the sensory hardness (hard/firm) is pesjt
explained by the protein content?f®.620) and negatively by the MNFS2R0.606), as already found in the
PCA on 68 samples. A negative correlation was &smd between hard/firm and lipid/DM {R-0.607).
Stickiness is better explained by the lipid/DM @mnit(R=0.479) than by the lipid content%80.299), suggesting
that it is more impacted by the lipid/protein netiwd~atty perception is logically explained by figd content
in the plane 1-3 (R-0.578), but the correlation is not very strongfact, fat perception is a multimodal perception
involving olfactory, gustatory and tactile modagi[12]. However, salty taste is not as well ex@dineither by
Na+ (R=0.358) nor by Na+/water @R0.348). In the literature, the relationship betwesalty taste and cheese
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composition differs strongly depending on the petgevarying according to the salt content and &ishe lipid

content. The most interesting result is the stroogelation between salty and fatty tasté<®R613), which
suggests perceptual interactions between thesepigns in cheese. The plot of salty taste veratty taste
supports this hypothesis (Figure 2). The impadatty perception on salty taste is higher for tighbst values of
fat perception.

Conclusion

BaGaTel database allows gathering with a sametstaion, data obtained in different projects.sltthus
possible to find relationships between differens ¢ data, composition, structure and qualityaoi#d on a wider
range of foods, covering a variety of compositions.

This compilation of data from different projectdoaled finding more general trends to explain seysor
perception by cheese composition and rheologioaperties. The moisture-in-non-fat-substances viriaas
shown to be a relevant parameter to explain chesssory hardness. The contradictory results omitpact of
lipid content on salty taste found in the literateould be explained by salty-fatty sensory intéoas, suggesting
that salty taste is more impacted by fatty perogptihan by sodium ions content and lipid compositio

Such a database is thus of tremendous supporctaventhe mechanisms driving food perception bst &b
propose new formulations of well-balanced prodirctieerms of nutritional and/or environmental reganents
and sensory acceptability by consumers.

Acknowledgements

This work was supported by the Qualiment Carnctitute from French National Research Agency through
the NutriSensAl project (grant number 16CARNO002684J by French National Research Agency through the
DataSusFood project (grant number ANR-19-DATA-0016)

References

1. Ibanescu, L., Dibie, J., Dervaux, S., Guich&d& Raad, J. PO? a process and observation ontahofgyd science.
Application to dairy gels. In. (Ed.), Metadata é@emantics Research (10th International Conferenc§REA016, Gottingen,
Germany, November 22-25, 2016, Proceedings). Sgrimtpi.org/10.1007/978-3-319-49157-8 13

2. ANR-IC-Qualiment-NutriSensAhftp://plasticnet.grignon.inra.fr/Portailbagajel/

3.  Pénicaud, C., Ibanescu, L., Allard, T., FonsécaDervaux, S., Perret, B., Guillemin, H., Bucht, Salles, C.,
Dibie, J. & Guichard, E. Relating transformation gass, eco-design, composition and sensory qualithéeses using PO2
ontology. Int. Dairy J. 2019;92:1. doi.org/10.1(464iryj.2019.01.003.

4. Guichard, E., Thomas-Danguin, T., Buchin, StréeB., Guillemin, H., Salles, C. (2020). "Datasetmodel cheeses
composition, rheological and sensory propertiganfsix different projects exported from BaGaTel bate". Portail Data
INRAE, BaGaTel dataverse, V3. doi.org/10.15454/FA0EXP

5. Guichard, E., Thomas-Danguin, T., Buchin, S.r&®eB., Guillemin, H., Salles, C. (2021). Compilatioidata on
model cheeses composition, rheological and sesoperties, from six research projects exporteohfilee BaGaTel database.
Data-in-Brief, (36), June 2021, 106971, doi.org/004/).dib.2021.106971.

6. Syarifuddin, A., Septier, C., Salles, C. & Thormmnguin, T. Reducing salt and fat while maintaintagte: An
approach on a model food system. Food Qual. Pr28d6;48:59. doi.org/10.1016/j.foodqual.2015.08.009

7. Boisard, L., Andriot, I., Martin, C., Septier, Bgissard, V., Salles, C. & Guichard, E. The saltlgrid composition
of model cheeses modifies in-mouth flavour releasd perception related to the free sodium ion cdntéood Chem.
2014;145:437. doi.org/10.1016/j.foodchem.2013.08.04

8. Lawrence, G., Buchin, S., Achilleos, C., Berodker,Septier, C., Courcoux, P. & Salles, C. In vivoisodrelease
and saltiness perception in solid lipoprotein neasi 1. Effect of composition and texture. J. Adgficod Chem. 2012;60:5287.
doi.org/10.1021/jf204434t.

9. Tarrega, A, Yven, C., Semon, E. & Salles, C. Azawlease and chewing activity during eating dfiférmodel
cheeses. Int. Dairy J. 2008;18:849. doi.org/10.4jdd&iryj.2007.09.008.

10. Phan, V. A, Yven, C., Lawrence, G., ChabanetR€paret, J.-M. & Salles, C. In vivo sodium releadated to
salty perception during eating model cheeses tdraift textures. Int. Dairy J. 2008;18:956.
doi.org/10.1016/j.idairyj.2008.03.015.

11. Guichard, E., Thomas-Danguin, T., Buchin, 8rr&, B., Guillemin, H., Pénicaud, C. & Salles. Cla#enships
between cheese composition, rheological and sepsoperties highlighted using the BaGaTel databaseDairy J.
2021;118:105039. doi.org/10.1016/j.idairyj.2021.08%9.

12. Guichard, E., Galindo-Cuspinera, V. & Feron, G. Rfilggical mechanisms explaining human differencefat
perception and liking in food spreads-a review.ntieFood Sci. Technol. 2018;74:46. doi.org/10.1jxif6/2018.01.010.




