Mineral nanocluster

+ Enzyme

Syneresis and reorganisation

Context

Acid/lactic/fresh cheeses account for a large proportion of the market of dairy products (Grand View Research, Inc.)

A great deal of studies on:

• Set-style and stirred yogurts (Clark et al., 2019;Lee & Lucey, 2010;Lucey, 2017;Gilbert & Turgeon,2021).

• Enzymatic gelation and draining of rennet-type cheeses (Fagan et al. 2017, Fox et al., 2017;Gunasekaran et Ak, 2002) Very few data available on the draining of acid curds and on their rheological behaviour during and after draining. Dairy industrials need to understand/control/predict their draining and the properties of acid cheeses with the aim to optimize the process and the quality of final products.

Objectives

 Testing methods to study the properties of acid curds during draining,  Studying rheological properties of acid cheeses during and after their draining.

.06 Closing = dilation (removes black pixels) + erosion (increases black pixels) with squares of increasing size = it removes black objects (i.e.pores) Opening = erosion + dilation = it removes white objets (i.e. the network)

When the grey intensity of the image decreases/increased sharply, the size of the square is the mean size of the pores/network. Then, the gel is either directly drained (24 h in the pilot) or stirred (i.e. microgels form) and then drained by centrifugation at increasing durations (3, 7, 15 and 30 min).
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Results

Draining of the gel (stirred before centrifugation or unstirred before pilot) Type I strain sweep found for polymers suspension and melts ( low shear = no effect, high shear = alignment of polymers).

In a solid-like gel:  no real elastic network, i.e. no percolation or very weak interactions between microgels ?  Suspension of microgels that have been packed by draining: high shear = disentanglements between microgels?
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Results

Consequences on rheological properties

Draining  Dry matter increase   G' increased dramatically between 0-3 min centrifugation (by 450 for G'1Hz) and less then ;  Slight progressive decrease in tan(d) (slightly more solid-like);  Slight reduction in exponent of G'freq exp , (more rigid) and large decrease in yield strain (more rigid). 

Results

Fractal structure of the gel G'~[dry matter] 4.8+/-0.2 (Pitkowski et al., 2007;Zhong, 2004;Ikeda et al.,1999, Langmuir;Andoyo,et al., 2015;Alting et al., 2001;Marangoni et al., 2000) Strong-link model (inter-microgel interaction>intra-microgel interaction) from Shih et al. Studies underway on the effect of factors (fat addition, a severe preheating of milk…) on draining and rheology of acid cheeses
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  square (µm) Size of the square (µm)When changes in grey intensity of the image are maximum, the size of the square is the most frequent mean size of the pores/network. On drained gels  DHR2 Rheometer at 25°C. Plate-plate geom.: • frequency sweep (SAOS) • strain sweeps (LAOS)  Dry matter (Infrared moisture analyser)  Confocal fluorescence microscopy (Zeiss; Obj x63 oil; Airyscan Airyscan; Fast Green 0.01 % w/v in H 2 www6.rennes.inrae.fr/stlo/ Results Kinetics of gelation  Gelation at pH ~ 6.6: enzymatic gelation, then acidification ; ' shoulder and a local maximum of tan(d): loosening of the colloidal particle = the casein micelle, due to acid-induced demineralization of the casein micelle around pH 54.60 before stirring and draining Dominant elastic gel, exp. = 0.17 (Arshad et al., 1993, exp G' = 0.16, tan(d) = 0.24-0.26) No cross-over of G' and G'' until g = 200% • at w=1 Hz, but at lower frequency ? (more time to relax) ; • Entanglements between irregular surface clusters formed by shear? /-59.w 0.17+/-0.01 • + slight tan(d) decrease before yielding: entanglements and/or strain-induced reorganization of the weak gel? Frequency sweep Strain sweep



  High draining after only 3 min of centrifugation at 2800g ;  Draining on the pilot is less intense than 3 min of centrifugation (but no stirring of the gel in the pilot) ;  The gel dry matter increases as a consequence of draining.

  www6.rennes.inrae.fr/stlo/ResultsConsequences on rheological properties of drained gels: frequency sweep  Dominant elastic gels, G' ~ 8-10 x G''  Very few exponent and tan(d) changes with draining -tan(d) with draining: more solidlike  Gel drained on the pilot: lower tan(d) than with centrifugation, more progressive draining without applied stress, but also no previous stirring in this process?
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  or rennet gel, D f =2.20(Bremer et al., 1989); Rennet casein gel, Df=2.00-2.30(Vetier et al., 2000); Casein acid gel D f =2.5-2.7 (Andoyo et al., 2015). C (3+x)/(3-Df)g crit  C -(1+x)/(3-Df)  G' 1Hz =f(DM)at different intensity of draining on the same line = same structures/interactions (geometry, nature…) between microgels in the different drained acid gels  Prediction of G' knowing the gel dry matter .016 https://www6.rennes.inrae.fr/stlo/ in network size (<10%): slight thickening of the most frequent structures in the network (1-2 µm). Very few reorganizations, • High difference between gel before draining and gel after 3 min of centrifugation and less modifications afterwards Draining = compression of gel pores ? www6.rennes.inrae.fr/stlo/ Conclusions Mixed (enzymatic and acid) skim milk gels form that are characterized.  Formation of an enzymatic gel, then acidification ;  It leads to acid dominant-elastic gel ;  Stirring leads to a suspension of microgels.Draining is performed by centrifugation or pilot-draining steps:  Drained gels are also dominant elastic gels, with probably few or weak interactions between microgels ;  Strong-link gels, i.e. inter-microgel interactions> intra-microgel interactions with a D f = 2.13+/-0.04. Inter-microgel interactions are weak and intramicrogel interactions probably very weak (i.e. fluffy microgels) ;  Draining consists mainly in the reduction by 2 of the mean pore size.

image Image analysis by granulo-morphology (Greyscale granulometry plugin, ImageJ, D. Legland) .07
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			+starter (DANISCO +starter (DANISCO	+CHY-MAX-plus (200 +CHY-MAX-plus (200				
			MA016, 25 DCU/2 L MA016, 25 DCU/2 L	IMCU/ml), diluted IMCU/ml), diluted					
			UHT milk): UHT milk):		10% (vol/vol): 10% (vol/vol):					
	Skimming Skimming	Heat treatment 72°C-20s LHT 4.2 mL/2.1 kg milk 4.2 mL/2.1 kg milk	0.83 ml/2.1 kg milk 0.83 ml/2.1 kg milk		24 h-draining pilot 24 h-draining pilot		2800g -25°C 2800g -25°C
	Raw milk (~31-33 g prot/kg) Raw milk (~31-33 g prot/kg)	Skim milk pH 6.71 Skim milk pH 6.71	Skim heated milk (SHM) Skim heated milk (SHM)	30min 30min	SHM pH~6.67 SHM pH~6.67	~13 h ~13 h	Acid gel pH4.60 Acid gel pH4.60	Stirred acid gel Stirred acid gel	0 min 3 min 7 min 0 min 3 min 7 min	15 min 15 min	30 min 30 min
			On milk: On milk:			Stirring Stirring				
			DHR2 Rheometer at 25°C DHR2 Rheometer at 25°C					
			Coaxial cylinder: Coaxial cylinder:						
			• time sweep (SAOS) • time sweep (SAOS)					
			• frequency sweep (SAOS) • frequency sweep (SAOS)					
			• strain sweep (LAOS) • strain sweeps (LAOS)					
	Initial						Opening = erosion + dilation = it removes white objets (i.e. the network)

https://www6.rennes.inrae.fr/stlo/ On drained gels  DHR2 Rheometer at 25°C. Plate-plate geom.: • frequency sweep (SAOS) • strain sweeps (LAOS)  Dry matter (Infrared moisture analyser)  Confocal fluorescence microscopy (Zeiss; Obj x63 oil; Airyscan Airyscan; Fast Green 0.01 % w/v in H 2 O) Closing = dilation (removes black pixels) + erosion (increases black pixels) with squares of increasing size = it removes black objects (i.e.pores) https://www6.rennes.inrae.fr/stlo/
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