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CHITOSAN IN WINE INDUSTRY

IDENTIFICATION OF ORIGIN BY A MULTIDISCIPLINARY APPROACH AND APPLICATION IN OENOLOGY

AIM OF STUDY '
Chitosan is a promising antimicrobial agent, because it ensures the control of a wide range of spoilage .
| microorganisms. To guarantee the fugal origin of chitosan, the only authorized in food industry to avoid allergenic "1 =
’ \\ ' effects, a multidisciplinary approach based on the measurement of the stable isotope ratios, Fourier transform 5 '}ﬁﬂ_
infrared spectrometry and thermogravimetric analysis was proposed. &
. The activity of chitosans against food related microorganisms was evaluated by different experiments aimed to ’,;-
¥ discriminate between chemical and physical action of chitosan vs. the microorganisms. --;_.: ». "
4 LA g )
— METHOD. The measurement of the stable isotope ratios (SIR) of carbon 6*3C, nitrogen 6°N, oxygen 620 and hydrogen 6%H of chitosan was performed to ' "’_' ' =
discriminate chitosan samples of different sources. The comparison between the SIR analysis and the results of Fourier-transform-infrared-spectrometry . & -
’ (FTIR) and thermogravimetric analysis (TGA) of chitosan allows rapid discrimination of origin, suggesting for this to be an approach suitable for limited %‘
technological laboratories. The antimicrobial activity of chitosan was tested in synthetic grape must under agitation (stirred) or static conditions, to o
’ discriminate between physical and chemical mechanism of action of chitosan against the most common wine microorganisms. The activity of the soluble N
portion of chitosan (< 5% of chitosan, according the OIV standards) was checked by inoculating microorganisms in synthetic grape must after chitosan
removal, monitoring the fermentative activity for both alcoholic and malolactic fermentations.
COMBINATION OF SIR, FTIR AND TGA ANALYSES IN THE DEFINITION OF ORIGIN OF CHITOSAN
1.0
The combination of SIR, FTIR and TGA resulted in a robust analytical strategy for the correct identification of ¢
chitosan samples from crustaceans or fungi. Samples having 613C values above -14.2%o0 and below -25.1%o can be 0s ¢ N
considered as authentic fungal chitosan without needing to analyze other parameters. On the other hand, if the 'y
613C falls between -25.1%0 and —24.9%o, it is necessary to proceed further with the evaluation of the parameter Y s A ‘:A
6N, which must be above +2.7%.. Samples having 620 values lower than +25.3%o. can be considered as authentic |& PR 4
fungal chitosan. The combination of maximum degradation temperatures (obtained using TGA) and peak areas of § N B A
Amide | and NH2/Amide Il (obtained using FTIR) also allows the discrimination between the two origins of the .
polysaccharide. Hierarchical cluster analysis (HCA) and principal component analysis (PCA) based on TGA, FTIR and R
SIR data successfully distributed the tested samples into informative clusters. e e —
PCA scatter plot (a) and related biplots (b) of SIR (6180), TGA (DTGmax) and FTIR (Amide I, NH2/Amide Il) data. Active observations are represented by 15 Y e
blue triangles (fungal chitosan) or red losange (crustacean chitosan). A 3 2 oc1 (;'44%) 0 ! 2
MICROBIOLOGICAL TESTS

The microorganisms of oenological interest showed a different sensitivity to chitosan, allowing selective control of spoilage agents such as B. bruxellensis. However, yeast
and bacteria involved in wine fermentations resulted sensible to the chitosan, and the synthetic grape must treated with this molecule showed a less fermentative aptitude,
despite more than the 95% of chitosan (insoluble portion) was removed before microorganism inoculum.

Effect of the addition of Alcoholic (upper
chitosan of fungal origin (0,1 SPECIE DYNAMIC TEST STATIC TEST figure) and malolactic

g/L) in synthetic 8"apebm“5; Log cell(UFC)/mL (mean + SD n=3) (lower figure)
containing microbes o '
s S. cerevisiae ATCC 9763 74465 8.2+7.4 fermentation
oenological interest. Each performed in
microorganism had an initial S. bayanus DSMZ 70547 2.7+1.5 7.5%26.7 synthetic grape must 110
concentration of 7 log cell/mL,  B. bruxellensis ATCC 52304 Not detectable 56t409 using the 3 main
the residual cell concentration 1 gejpryeckii DSMZ 70526 7.6+6,8 8.1+7.6 specie of yeastsor | T
was measured, for both , 5 N N lactic bacteria S 100
microorganisms, after 10 days O. oeni ATCC 27311 6.8+5.4 5.0£5.3 volved wine 5
of incubation at 18 °C. The  P. damnosus LMG 28219 6.6+6.0 5.2+4.8 oroduction. -
microorganisms showed a [, Plantarum NRRL B1927 3.6134 3.5124 In alcoholic 5
different sensitivity atthe 4 gcoti ATCC 15973 6.7 £6.2 6.1+5.1 fermentation data are
chitosan, in some cases the . .
G. oxidans NRRL B72 6.8 £6.3 6.5 5.0 expressed as weight

population remined stable (e.g. loss due to CO
2

S. cerevisiae), in others cell S. pombe ATCC 24843 Not detectable 7.7+6.7 _
. : . evolution (mean n= 3), /
3 completely disappeared, as in C. stellata FEM Not detectable 6.5+6.7 inctead malolactic . i ) i : . - 5 . -
SSESY  the case of B. bruxellensis the . e (4o
B o _ P. anomala FEM 1.9+2.2 8.1+7.5 fermentation was e
s, Mmaln wine SpOIIage o foll db —e—S. cerevisite ~ —e—S. cerevisae + CH ~ —4—S. bayanus  —&—S. bayanus+CH  —&—T. delbruekii ~ —®—T. delbruekii +CH
: microorzani S. Ludwigii FEM Not detectable 7.6+7.7 ollowed by measure
ganism. o
of L-malic acid
concertation. o
9,0 - - - - - - Box plot of the yeast concentration
measured by flow cytometry of Before fermentation, e mrer neser s
T different active dry yeast (wine yeast the medium was 120 c
| . ' for alcoholic fermentation) treated b_V _chltosan of
. purchased on the Italian’s market fungal origin, removed - b*
1 L T (n=16). After rehydration yeasts were after 24 hours by | ° d*
8,0 t e 1 . . . i I
T . inoculated in synthetic grape must centr.lfugat.lon.
g . E_F - . supplemented by a chitosan of Despite chitosan _ 0 e*
g .| 1 . | fungal origin (0,1 g/L). Measure of removal the soluble 2
= . o cell concentration (Live and dead portion tha.t remained | ¢
8 ) T cells, according to Guzzon & Larcher, In the.medla caL.Jsed CHN I
70 } - 2015) was performed 24 h after the delay in alcoholic and
. .
chitosan addition. Despite the manIactlc. 5
_ | presumed tolerance of S. cerevisiae fermentat|.on §CH
65 | El"“‘ed‘a" ' to chitosans, a general increase in tests) confirming the
25%-75% . e e e
T Non-Outlier Range cell mortality is observed in the generahzeql sensitivity 28
© Outliers | presence of this molecule. of oenological
6,0 ——— — — : _ ' microorganisms to
Mo chitosan live yeast (FL1) Chitosan dynamic live yeast (FL1) Chitosan static live yeast (FL1)
Mo chitosan dead yeast (FL2) Chitosan dynamic dead yeast (FL2) Chitosan static dead yeast (FL2) Ch|tosan 00 0. oeni L. plantarum P. pentosaceoous 0. oers +CH L. plantarum + CH P. pentosaceoous +CH
1 . . e
CONCLUSION
A robust analytical strategy for the correct identification of chitosan samples from B 2L IOGRAPHY
crustaceans or fungi was presented, based on the observation that diverse Claverie E., et al. Multiple technology approach based on stable isotope ratio analysis, fourier

-

biosynthetic pathways during the formation of the chitin influenced the isotopic transform infrared spectrometry and thermogravimetric analysis to ensure the fungal origin of
the chitosan. Molecules 2023, 28, 4324.

compc?smon of chitosan. Results of tO.XICIty tests ?uggESt that chitosan IS. A prormsmg Guzzon R., et al. The controversial relationship between chitosan and the microorganisms
tool in fermented beverage production, but an in-depth study of the biochemical involved in the production of fermented beverages. European Food Research and Technology,
interaction between chitosan and food microorganisms is necessary. 2022, 248(3): 751-765
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