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Use of amyloglucosidase in a soft wheat dough: impact of process and formulation on glucose production
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The use of amyloglucosidase (AMG) in baked goods was studied to develop no added sugar products, by investigating the impact of baking process stages and ingredients on AMG glucose production. Their application in a simplified model dough was studied first. Glucose content was monitored during the various stages of the process (mixing, resting at 30, 50 and 60°C, and baking), considering a dough containing different amounts of water (35%, 50% flour basis) and oil (0%, 5.2%, 10.4%, 33.4% flour basis). The results indicated that AMG can produce significant amounts of glucose under the conditions encountered during the main stages of a standard baking product making process. Glucose production by AMG was favoured by higher dough hydration, low oil content and the integration of a high-temperature rest phase in the process.

An application in a sandwich bread with no added sugar was tested. AMG allowed the production of glucose under real baking conditions. The glucose content of 5.1% obtained with the use of 1100 AGU/kg flour was close to the average sugar content of commercial sandwich breads on the French market. The addition of AMG in no added sugar breads enhanced their overall quality compared to no added sugar bread. AMG favours sweetness perception but also softness and flavour improving the quality of breads to reach consumers' expectations.

INTRODUCTION

The overconsumption of sugars has evident health implications, by increasing caloric intake and largely contributes to the epidemic of obesity, considered by the World Health Organization as the epidemic of the 21 st century [START_REF] Merino | Intestinal Fructose and Glucose Metabolism in Health and Disease[END_REF][START_REF] Ter Horst | The FGF21 response to fructose predicts metabolic health and persists after bariatric surgery in obese humans[END_REF]. But not all sugars are equal. In the past, fructose was largely used as it is sweeter, more soluble, and less gluconeogenic than glucose and sucrose. Today, Humans commonly consume fructose together with glucose in the form of sucrose or high fructose corn syrup. However, concerns about the consumption of fructose have been raised and fructose is now considered to be a particularly harmful sugar [START_REF] Ter Horst | The FGF21 response to fructose predicts metabolic health and persists after bariatric surgery in obese humans[END_REF] Indeed, although fructose and glucose share the same molecular formula (C6H12O6) and caloric value (4 kcal/g), their intestinal absorption and metabolism are quite different [START_REF] Merino | Intestinal Fructose and Glucose Metabolism in Health and Disease[END_REF]. Excessive fructose consumption (and thus sucrose) promotes visceral adiposity, de novo lipogenesis, dyslipidemia, and hepatic insulin resistance, and more so than glucose [START_REF] Coello | Effectiveness of a low-fructose and/or low-sucrose diet in decreasing insulin resistance (DISFRUTE study): study protocol for a randomized controlled trial[END_REF][START_REF] Sahin | Sugar reduction in bakery products: Current strategies and sourdough technology as a potential novel approach[END_REF][START_REF] Ter Horst | The FGF21 response to fructose predicts metabolic health and persists after bariatric surgery in obese humans[END_REF]. In addition, fructose is less satiating than glucose, increasing food intake [START_REF] Coello | Effectiveness of a low-fructose and/or low-sucrose diet in decreasing insulin resistance (DISFRUTE study): study protocol for a randomized controlled trial[END_REF][START_REF] Merino | Intestinal Fructose and Glucose Metabolism in Health and Disease[END_REF]. A reduction in the consumption of fructose is therefore to be encouraged..

To tackle this epidemic, many products bearing the claim "with no added sugars" are being developed (European Parliament and Council of the European Union, 2006). However, cereal products are generally rich in added sugars (cake, brioche, biscuit, etc.), and the removal of added sugar (often sucrose) leads to a loss in sweetness that can compromise the consumer acceptance. The high carbohydrate content of these nosugar-added products is related to their high starch content, a glucose polymer that does not impart sweetness to the product.

A bulking agent is often used as a technical substitute for sugar to compensate the loss in texture, volume and sometimes sweetness. Polyols are often used as bulking agents since they can impart a sweet flavour with a sweetness between 30% and 90% relative to sucrose [START_REF] Sahin | Sugar reduction in bakery products: Current strategies and sourdough technology as a potential novel approach[END_REF]. However, they are sometimes associated with aftertaste and have laxative effects [START_REF] Ghosh | A review on polyols: New frontiers for health-based bakery products[END_REF][START_REF] Sahin | Sugar reduction in bakery products: Current strategies and sourdough technology as a potential novel approach[END_REF]. Indeed, foods containing more than 10% added polyols must be labelled with the mention 'excessive consumption may produce laxative effects'. Another drawback of polyols is their inability to participate in Maillard reactions [START_REF] Ronda | Effects of polyols and nondigestible oligosaccharides on the quality of sugar-free sponge cakes[END_REF] which prevents them from participating in the expected flavour and color. Long chain polysaccharides, such as polydextrose, maltodextrin and hydrocolloids, as well as dietary fibres, are also considered as bulking agents. However, they do not contribute to sweetness and often have a negative effect on sensorial characteristics [START_REF] Sahin | Sugar reduction in bakery products: Current strategies and sourdough technology as a potential novel approach[END_REF]. These bulking agents are often combined with high-intensity sweeteners (HIS) in order to increase sweetness and improve consumer acceptance of sugar reduced products [START_REF] Martínez-Cervera | Rheological, textural and sensorial properties of low-sucrose muffins reformulated with sucralose/polydextrose[END_REF][START_REF] Psimouli | The effect of alternative sweeteners on batter rheology and cake properties[END_REF][START_REF] Struck | Fiber enriched reduced sugar muffins made from isoviscous batters[END_REF][START_REF] Zoulias | Effect of sugar replacement by polyols and acesulfame-K on properties of low-fat cookies[END_REF]. However, the use of HIS in fine bakery products has been banned in Europe since 2018 (European Commission, 2018). Amyloglucosidase (AMG), also named glucoamylase, is an enzyme involved in the breakdown of starch chains. It belongs to the class of exo-acting β-amylases that act on the non-reducing ends of starch polymer chains and produce β-D-glucose. In contrast to other amylases, AMG can catalyse the hydrolysis of both (1→4) and (1→6) α-d-glucosidic bonds in starch, although the α-(1→4) linkage is hydrolysed approximately 600 times faster than the α-(1→6) linkage [START_REF] Robyt | Enzymes and Their Action on Starch[END_REF]. Thus, AMG can completely convert starch to Dglucose. Its main application is the industrial production of glucose syrups (from starch) since glucose is the principal carbon source in many biotechnological processes and of great importance for fermentative chemicals and fuel production such as succinic acid, bio-plastic and ethanol [START_REF] Han | Fermentative hydrogen production using wheat flour hydrolysate by mixed culture[END_REF][START_REF] Lam | Production of Fungal Glucoamylase for Glucose Production from Food Waste[END_REF][START_REF] Melikoglu | Stepwise optimisation of enzyme production in solid state fermentation of waste bread pieces[END_REF].

Endogenous AMG is rare in native flour [START_REF] Struyf | The effect of amylolytic activity and substrate availability on sugar release in non-yeasted dough[END_REF]; however, commercial AMG addition to soft wheat dough products is well documented for several reasons. In bread and Danish pastries, AMG is used to produce glucose with the objective of enhancing CO2 production from yeast, and consequently improve the volume of products [START_REF] Pomeranz | Use of Amyloglucosidase in breadmaking[END_REF][START_REF] Struyf | Investigating the impact of a-amylase, a-glucosidase and glucoamylase action on yeast-mediated bread dough fermentation and bread sugar levels[END_REF][START_REF] Valjakka | Studies on a raw-starch digesting enzyme. II. Replacement of sucrose in white pan bread[END_REF]. According to [START_REF] Hebeda | Baked Goods Freshness: Technology, Evaluation and Inhibition of Staling[END_REF], it is possible to use AMG in baked products to reduce the amount of added sugar and still have the desired colour and sweetness. In combination with other enzymes such as amylases, AMG can reduce the staling of breads [START_REF] Else | Use of an anti-staling enzyme mixture in the preparation of baked bread[END_REF] and improve the preservation and colouring of frozen Danish pastries after baking [START_REF] Larsen | Method of producing a frozen yeast dough product. Patent US005589207A[END_REF].

The activity of AMG has mainly been studied for industrial applications of glucose production in optimal conditions such as an acidic pH between 4.5 and 5, a temperature range of 50 -60°C [START_REF] Gonzalez Tello | Kinetics of the hydrolysis of soluble starch by glucoamylase[END_REF][START_REF] Kusunoki | A kinetic expression for hydrolysis of soluble starch by glucoamylase[END_REF][START_REF] Norouzian | Fungal glucoamylases[END_REF][START_REF] Oliveira | The intensification of amyloglucosidase-based saccharification by ultrasound[END_REF], and a pure substrate such as soluble starch (Pervez et al, 2019a) or maltodextrin solutions [START_REF] Aslan | Covalent immobilization of Aspergillus niger amyloglucosidase (ANAG) with ethylenediamine-functionalized and glutaraldehyde-activated active carbon (EFGAAC) obtained from sesame seed shell[END_REF].

Few studies have been conducted on this enzymatic action in baking applications, particularly when a more complex substrate such as a real dough matrix composed of several ingredients is used [START_REF] Eynard | Modifications of starch during baking: studied through reactivity with amyloglucosidase[END_REF][START_REF] Struyf | Investigating the impact of a-amylase, a-glucosidase and glucoamylase action on yeast-mediated bread dough fermentation and bread sugar levels[END_REF][START_REF] Diler | Assessment of amyloglucosidase activity during production and storage of laminated pie dough. Impact on raw dough properties and sweetness after baking[END_REF]. As AMG use appears to be a promising strategy for the formulation of non-added sugar bakery products, without a laxative effect or the generation of offflavours, it could be interesting to study its addition to better understand its activity. This work explores the AMG's glucose production in real breadmaking conditions, in order to produce no added sugar foodstuffs with satisfying sweetness. First, the activity of AMG will be studied in simplified model dough, via the amount of glucose produced. The effect of the dough water content (2 levels), the fat content (4 levels), and the dough resting temperature (3 levels) will be characterized. In a second step, the addition of AMG will be studied in a no added sugar sandwich bread whose organoleptic properties will be studied through sensory tests.

MATERIALS AND METHODS

Raw material

The flour used was an organic wheat flour T65 (Moulins Bourgeois, Verdelot, France) which contained 66.5% starch (enzymatic method, NF EN ISO 15914), 14.8% water (ISO 712:2009), and 8% protein (Dumas, NF EN ISO 16634-1). Water absorption was 56.8% (Farinograph, Brabender, Germany, NF V 03 717-1), damaged starch content 22.4 UCD (SDmatic, Chopin Technologie, France, ISO 17715) and falling number 352 s. The fat used was rapeseed oil, purchased at the local market

The amyloglucosidase preparation used (AMG 1100BG, Novozymes A/S, Bagsvaerd, Denmark) presented an activity of 1100 amyloglucosidase units (AGU).g -1 . One unit is defined as the amount of enzyme required to release 1μmol of glucose per minute under the conditions of the assay (temperature 25.0°C; pH 4.3). The optimum activity for this enzyme was obtained at pH=4 and 70°C (according to supplier information).

Model dough preparation and sampling

Process study

For this study, the simplified model doughs contained only flour, 50% water on flour basis (fb) and 0.15% fb of AMG (1650 AGU/kg flour). Flour and AMG were mixed together for 30 seconds at 6 rpm (Kitchen Aid, Puteaux, France). Water was gradually added and mixed for an additional 1 minute 30 seconds. A stopwatch was started when the first drop of water was added (t=0min) and the time of AMG action recorded for each sample. At the end of mixing, the dough was divided into 20 g dough pieces distributed in small silicon pans and placed in a heat chamber at 30°C for 2 hours. Rested dough was then baked in a deck oven (Condo, MIWE, Sarreguemines, France) for 30 min at 180°C. To better qualify the baking, part of the dough was baked in the same conditions without a resting period. To better qualify resting, two additional temperatures were studied: 50°C and 60°C. The different steps of preparation and sampling of the model dough are shown in Figure 1.

Samples (of 20 g) were taken at different intervals of the process to monitor the glucose content: at the end of mixing, after dividing the dough, after 10, 20, 30, 60, 90 and 120 minutes of resting, after baking the unrested dough and the rested dough. Each sample was immediately frozen at -18°C to stop AMG activity.

The tests were conducted in triplicate. A control dough that did not contain AMG was tested in each condition to confirm the origin of the glucose produced for each recipe.

Dough formulation study

For this part, the water and oil contents of the model dough were adjusted at different levels to represent the formulations of a wide range of cereal products (from biscuits to soft bread). Two levels of added water were tested: 35% and 50% fb, corresponding to the quantity of water necessary to obtain a free water content comparable to that contained in biscuit dough, and bread dough (data not shown), respectively. Four oil contents were tested in dough containing 50%fb water: 0%, 5.2%, 10.4% and 33.4% fb. 1650 AGU/kg flour (0.15% fb of AMG) was added to each recipe. Doughs were prepared in the same conditions as those described in paragraph 2.2.1. Oil was added in one go, just before the gradual addition of water. Glucose content was monitored by sampling after mixing, after dividing the dough, and after 10, 20, 30, 60, 90 and 120 minutes of resting at 30, 50 and 60°C. Each sample was immediately frozen at -18°C to stop AMG activity.

The model doughs were coded Wxx/Fxx-xx°C to specify their water content (W), fat (oil) content (F), and resting temperature.

Sandwich bread preparation and sampling

Six sandwich bread recipes were used: a standard bread (reference) with sucrose, a reduced sugar bread with 30% sucrose reduction, a "no sugar added" bread without sucrose, and 3 breads with different amounts of AMG added to the "no sugar added" recipe (details of composition shown in Table 1). For all the recipes, ingredients were added in this order: water, then flours (wheat flour, soybean flour and fibres), AMG, sourdough (Böcker France), oil, sucrose and yeast (L'hirondelle fresh yeast, Lesaffre, France). Mixing was done in a spiral mixer SPI11 (VMI, Montaigu, France) for 3 min at 50rpm, 12 min at 100 rpm, and then 4 min at 200 rpm. The salt was added 3 min after mixing began. The first sample of dough of 30g was taken at the end of mixing and immediately frozen at -18°C. The rest of the dough was left to rest for 30 minutes.

Then the dough was divided into pieces of 285 g ± 1g, shaped and placed in a mould, in a fermentation chamber at 28°C and 85% relative humidity. The time between the end of mixing and the start of fermentation was set at 45 ± 2 min. Fermentation time was adjusted (between 90 and 120 min) to increase the volume of the dough by a factor of 2.5. (90 min for AMG breads, 105min for no added sugar bread, 115 min for sugar reduced bread and 120 min for reference bread). This allowed obtaining the same dough porosity before baking. A second dough sample of 30g was taken at the end of fermentation and frozen at -18°C. The breads were baked in a deck oven for 20 minutes at 210°C, then left to chill for 2 hours. The last sample was taken from a baked bread and frozen at -18°C.

Glucose quantification

About 2.5 g of frozen sample (weighed with a precision of 0.0001 g) were blended for 1 min at 11000 rpm with an Ultra Turrax (Ultra Turrax T25 basic, IKA Labortechnik, Imlab, Lille, France) in 45 mL of water.

Then, 2.5 mL of Carrez I reagent (solution of Potassium Hexacyanoferrate(II) Trihydrate in deionized water (150 g/l)) and 2.5 mL of Carrez II reagent (Solution of Zinc Sulfate Heptahydrate in deionized water (300 g/l) were added to the mixed sample solution. This solution was homogenized and filtered through a folded filter (Whatman no. 41 ashless) and then through a 0.45 µm pore size cellulose acetate membrane filter, before injection.

The HPLC system (1260 Agilent Technologies, Santa Clara, United-states) was equipped with an amino HPLC column Supelcosil LC-NH2-NP (Supelco-USA) maintained at 35°C in the oven. A refractive index detector was used for sugar detection. The sugar separation was conducted in isocratic mode, with a mobile phase composed of 80% acetonitrile and 20% ultrapure water, at a flow rate of 1.5 mL/min. The injected volume of extracted sample solution was 10 µl. The glucose was quantified by the injection of glucose solutions at different concentrations in the same conditions. The limit of quantification was 0.5% of glucose on flour basis (0.3% on sample basis). The results of the glucose produced were expressed in g for 100g of flour (noted % fb for "flour basis") and the results of the sample glucose content in g for 100g of sample.

The analyses of the detailed sugar composition of sandwich breads were subcontracted to Eurofins Analytics (Nantes, France).

Sensory analysis 2.5.1. Ethics

The sensory tests were conducted in accordance with the Declaration of Helsinki. All applicable institutional and governmental regulations concerning the ethical use of human volunteers were complied with during this research study. The assessors gave their written consent after reading detailed information about the study.

The sensory tests performed in this study were approved by the ethics evaluation committee of INSERM (IRB00003888, IORG0003254, FWA00005831).

Panel

Panellists were recruited among the staff and students of Oniris. The panel was composed of 78 persons aged between 23 and 60 years. The panellists were regular consumers of soft breads.

Sample preparation and evaluation conditions

The sensory analysis took place in the sensory analysis room of Oniris (ISO NF EN 8589). Five breads were presented to the panellists: a standard bread (reference) with sucrose, a sugar reduced bread, a "no sugar added" bread, and two "no sugar added" breads supplemented with AMG (825 AGU/kg flour and 1100 AGU/kg flour, respectively). The sensory analysis took place 24h after bread production. Bread loaves were sliced mechanically (18mm thickness). The 5 bread samples were coded with three-digit numbers. The presentation of the samples was randomized.

Hedonic test

A half slice of each sample was served to the panellists who had to rank the 5 bread samples according to their overall preference from the least liked (=1) to the most liked (=5).

Just About Right (JAR) scales

Another half slice of each sample was served to the panellists with different codes from those of the hedonic test and in a different randomized order. The panellists had to assess the sweetness intensity of all the samples on a 5-point scale (1=not sweet enough, 3=just-about-right sweetness, 5=too sweet). Other attributes were also evaluated such as colour, softness, pastiness, global aroma intensity, saltiness and sourness.

Statistical analysis

The effects of resting temperature, water content and oil content were analysed by ANOVA with Statgraphics Centurion, version XVII (Statistical Graphics Corp, Princeton, New Jersey, USA). The results of the hedonic ranking test were analysed with a Friedman test.

RESULTS AND DISCUSSION

AMG action in model dough

3.1.1. Glucose production from AMG during the main stages of a standard baking product making process

AMG action during mixing and dough shaping

During mixing, the ingredients were homogenized and the flour was hydrated to form the dough. As shown in Table 2, in the flour/water model dough W50/F0 without AMG, the glucose content after mixing was below the quantification limit. The glucose produced by the flour's endogenous enzymes during mixing was negligible, as shown by [START_REF] Struyf | The effect of amylolytic activity and substrate availability on sugar release in non-yeasted dough[END_REF]. This implies that the glucose production observed in the other samples was the result of AMG activity. The addition of 1650 AGU/kg flour to the W50/F0 model dough produced 1.45% ± 0.30% fb of glucose during the 2 min of dough mixing. After shaping/moulding (10 min later), the total glucose produced increased only slightly (1.53% ± 0.38% of glucose produced during mixing + shaping). Thus, during the dough preparation, most of the glucose was produced during the mixing process. This shows that at 20-21°C, during a short amount of time, AMG seemed able to produce a small amount of glucose (0.97% ± 0.16% dough basis). This rapid production of glucose corresponded to the rapid hydrolysis of directly available substrates such as damage starch or maltose. Indeed, in a non-yeasted dough (without AMG added) prepared with two different flours, [START_REF] Struyf | The effect of amylolytic activity and substrate availability on sugar release in non-yeasted dough[END_REF] showed a fast release of maltose during mixing, due to endogenous amylase activity, and a more gradual and rather small increase of glucose.

Conversely, the results of the W50/F0 model dough containing AMG showed a rapid increase of glucose and a decrease of maltose (data not shown) during mixing, suggesting a breakdown of maltose into glucose.

AMG action during resting

For many dough processes, a resting period at controlled temperature follows mixing and shaping stages to let the dough ferment. For this work, the standard resting period was fixed at 2 hours at 30°C. In these conditions, the flour's endogenous enzymes did not produce glucose in the dough without AMG. On the contrary, in the presence of AMG, 2.87 ± 0.11% fb of glucose were produced, leading to a glucose content of 2.87% ± 0.09% on dough basis at the end of resting (Table 2).

The evolution of the glucose content in the model doughs was continuously monitored during the resting period (Figure 2). A linear relationship (R²=0.99) was observed between the amount of glucose produced and the resting time at 30°C in W50/F0 containing AMG (Figure 2, W50/F0-30°C). [START_REF] Struyf | Investigating the impact of a-amylase, a-glucosidase and glucoamylase action on yeast-mediated bread dough fermentation and bread sugar levels[END_REF] obtained comparable curves and glucose levels (2.4 ± 0.2%) in similar wheat dough after 3 h of incubation at 30°C with 15U/g of AMG. Indeed, [START_REF] Warren | The interplay of α-amylase and amyloglucosidase activities on the digestion of starch in in vitro enzymic systems[END_REF] specified that enzymatic starch breakdown is a pseudofirst order kinetic process, producing a curve that was initially linear with a constant rate at early time points, as the substrate is not significantly depleted. In our results, no plateau appears; the substrate was not limiting.

In its native state, starch is not readily available for AMG [START_REF] Kimura | Reaction of enzymes with starch granules: kinetics and products of the reaction with glucoamylase[END_REF], 1996); only damaged starch is available for AMG [START_REF] Eynard | Modifications of starch during baking: studied through reactivity with amyloglucosidase[END_REF] but its amount is limited in the flour (between 14 and 25 UCD in baking applications [START_REF] Dubat | Importance de l'endommagement de l'amidon et évolution des méthodes de mesure[END_REF], 22.4 UCD in our case). However, starch is not the only substrate for AMG. [START_REF] Struyf | The effect of amylolytic activity and substrate availability on sugar release in non-yeasted dough[END_REF] showed that in the presence of AMG, the amount of maltose decreased in a resting dough while it increased without AMG because of the endogenous amylase activity of the flour. [START_REF] Warren | The interplay of α-amylase and amyloglucosidase activities on the digestion of starch in in vitro enzymic systems[END_REF] even declared that AMG action is much faster on the products of α-amylase than when it acts directly on starch. The linear and unrestricted activity of AMG during the process was probably due to synergy between the AMG (added) and amylase (endogenous from the flour) activities in the dough [START_REF] Else | Use of an anti-staling enzyme mixture in the preparation of baked bread[END_REF][START_REF] Labout | Conversion of Liquified Starch into Glucose Using a Novel Glucoamylase System[END_REF][START_REF] Larsen | Method of producing a frozen yeast dough product. Patent US005589207A[END_REF][START_REF] Valjakka | Studies on a raw-starch digesting enzyme. II. Replacement of sucrose in white pan bread[END_REF][START_REF] Warren | The interplay of α-amylase and amyloglucosidase activities on the digestion of starch in in vitro enzymic systems[END_REF].

The slope of the plot showing glucose production as a function of resting time (Figure 2, W50/F0 -30°C) indicates a production rate of around 25 mg of glucose per minute (0.15 mg/min/AGU).

The increase of resting temperature from 30°C to 60°C increased AMG action (P-value= 0.0000). The glucose productions were respectively 2.87%, 4.75% and 7.09% fb and the production rates 25 mg/min, 44 mg/min and 62 mg/min for W50/F0-30°C, W50/F0-50°C and W50/F0-60°C (Table 2 andFigure 2). Glucose production was still linear during resting at higher temperatures. Many glucoamylases function at thermophilic temperatures, usually 50 to 60°C [START_REF] Norouzian | Fungal glucoamylases[END_REF]. [START_REF] Aslan | Covalent immobilization of Aspergillus niger amyloglucosidase (ANAG) with ethylenediamine-functionalized and glutaraldehyde-activated active carbon (EFGAAC) obtained from sesame seed shell[END_REF] and Pervez et al. (2019b) described an increase in the relative activity of AMG from around 45% at 30°C, to 70-80% at 50°C and a maximum obtained between 55 and 65°C on maltodextrin and starch solutions. Indeed, the number of collisions between molecules increases when the temperature increases, leading to an increase of the reaction rate [START_REF] Palmer | Enzymes: Biochemistry, Biotechnology, Clinical Chemistry[END_REF][START_REF] Punekar | Enzymes: Catalysis, Kinetics and Mechanisms[END_REF]. This increase stops when the enzyme is denatured and catalytic activity is lost. Temperatures above 60°C were not tested because they caused a drop in AMG activity, and they would have caused the dough to start baking [START_REF] Rouillé | Dough/crumb transition during French bread baking[END_REF][START_REF] Vanin | Biaxial extensional viscosity in wheat flour dough during baking[END_REF].

The optimization of resting time and temperature is thus essential to favour glucose production within the limits of the available substrate. In the case of fermented wheat dough, resting temperatures above 50°C cannot be used since the yeasts are inactivated above this temperature [START_REF] Roussel | Les pains français : e volution, qualite , production[END_REF]. For these doughs, lower temperatures (ideally 25-30°C) should be applied but over longer periods. Glucose consumption by yeast during fermentation could slightly accelerate the rate of the reaction by limiting the substrate inhibition effect, as observed by [START_REF] Humbert | Co-encapsulation of amyloglucosidase with starch and Saccharomyces cerevisiae as basis for a long-lasting CO2 release[END_REF] on the action of amyloglucosidase coencapsulated with starch and Saccharomyces cerevisiae. For products containing chemical leavening agents, the temperature chosen must be lower than the reaction temperature.

AMG action during baking

For the baking stage, two cases were considered: a direct baking process (without preliminary resting) and post resting baking. The results obtained with the W50/F0 model dough (Table 2) indicate a low increase in glucose content during baking. In the case of direct baking, there was only 0.86% ± 0.31% (fb) more glucose at the end of baking than at the beginning. Concerning the baking of the rested dough, there was even less glucose (-0.15 ± 0.18% fb) after baking than before. This is explained by the fact that during baking two phenomena occur: glucose production by the enzyme on the one hand and glucose consumption through browning reactions on the other hand. Indeed, at around 60°C, starch gelatinization starts and therefore becomes more accessible to enzyme action [START_REF] Eliasson | Effect of Water Content on the Gelatinization of Wheat Starch[END_REF][START_REF] Gough | Effect on the Gelatinization Temperature of Wheat Starch Granules of Prolonged Treatment with Water at 50°C[END_REF][START_REF] Robyt | Enzymes and Their Action on Starch[END_REF]. Robyt (2009) indicated differences in the hydrolysis of gelatinized starch and starch granules by amylases of the order of 100-to 1000-times greater. Moreover, the optimum condition for AMG activity is around 60-65°C, consequently the action of AMG is boosted at the beginning of baking, leading to an increase in glucose content. Above 70°C, AMG is probably inactivated and glucose production decreases gradually until the enzyme is denatured and catalytic activity is lost [START_REF] Palmer | Enzymes: Biochemistry, Biotechnology, Clinical Chemistry[END_REF][START_REF] Punekar | Enzymes: Catalysis, Kinetics and Mechanisms[END_REF]. When the temperature exceeds 105-120°C (in the outer region), the Maillard reaction and caramelisation take place simultaneously and consume reducing sugars, such as glucose [START_REF] Purlis | Browning development in bakery products -A review[END_REF]. In our case, it seemed that the amounts of glucose produced and consumed during baking were close, and the resulting glucose produced was close to 0. In the case of fermented dough, a third phenomenon occurs: the consumption of glucose by yeast. [START_REF] Hebeda | Baked Goods Freshness: Technology, Evaluation and Inhibition of Staling[END_REF] specified that AMG will remain active after the yeasts have been killed (at 50°C) because of the relatively high thermostability of glucoamylase [START_REF] Lam | Production of Fungal Glucoamylase for Glucose Production from Food Waste[END_REF] found a half-life (t1/2) of AMG extract of 315 min at 55 °C and 32.5 and 31.9 min at 60°C and 65 °C respectively).

The resulting glucose content of products after baking was logically higher for the rested samples. Samples with and without resting contained respectively 3.55% and 1.85% of glucose (sample basis).

It can also be mentioned that reproducibility was better when AMG had more time to work. The variation coefficient of the final glucose content evolved from around 13% without a resting period, to 3% with 2h resting at 30°C. A process with resting time, if the resting time is properly controlled, will give more repeatable glucose contents in the final products.

Impact of dough formulation on AMG glucose production

Impact of water content

Two water contents were tested: 50% and 35% fb. No production of glucose (or little, below the quantification limit) by the enzymes initially present into the flour occurred with these two water contents.

Considering the whole process, glucose production was lower (P=0.0001) in the less hydrated dough (Table 2, Figure 2). The glucose content of the final products was around 2.16% in W35/F0-30°C vs 3.55% in W50/F0-30°C (Table 2). Indeed, AMG have an inverting reaction mechanism, consisting of proton transfer from a general acid catalyst to the glycosidic oxygen, followed by the nucleophylic attack of a deprotonated water molecule assisted by a general base catalyst [START_REF] Larsen | Method of producing a frozen yeast dough product. Patent US005589207A[END_REF][START_REF] Norouzian | Fungal glucoamylases[END_REF].

As mentioned by [START_REF] Rezaei | Effects of water on enzyme performance with an emphasis on the reactions in supercritical fluids[END_REF], when water is used as a reactant in hydrolytic reactions, an increase in its concentration level has a positive effect on the reaction velocity within a certain limit imposed by the enzyme functionality, even if, as specified by De [START_REF] De Pilli | Effect of processing variables and enzymatic activity on wheat flour dough extruded under different operating conditions[END_REF], increasing moisture feed makes the enzyme more sensitive to denaturation.

More specifically, for a short process without resting period, the hydration of the dough will not significantly affect glucose production by AMG (P=0.2985). Glucose production during mixing and shaping was equivalent in W50/F0-30°C and W35/F0-30°C (respectively 1.53 ± 0.38% and 1.22 ± 0.21% fb). The hydration effect occurred during the resting period. During this period, whatever the resting temperature, glucose production fell when dough hydration was reduced. Furthermore, hydration effects occurred faster when the resting temperature increased. The glucose production curves for 50% and 35% water (fb) diverged after 1h of resting at 30°C, 30 min at 50°C and after 10 min at 60°C. Water, like temperature, promotes molecular mobility. The presence of higher amounts of free water promotes collisions between molecules and thus increases the number of effective collisions. Moreover, [START_REF] Sanromán | The influence of substrate structure on the kinetics of the hydrolysis of starch by glucoamylase[END_REF] considered that the limitation of mass transfer (dough consistency) can also be responsible for the decrease in the rate of hydrolysis.

Impact of oil

Oil, commonly found in soft wheat flour dough products may also influence AMG activity.

Globally, considering mixing and resting periods, the addition of oil has very little impact (P=0.3057) on the glucose produced by AMG (Table 2). At the end of 2 hours resting at 30°C, the glucose contents of the doughs were 2.86%, 2.75% and 2.49% in doughs W50/F5.2-30°C, W50/F10.4-30°C and W50/F33.4-30°C, respectively, versus 2.87% for dough W50/F0-30°C. A trend towards reduced glucose production with increased oil content in the dough appeared to emerge but could not be considered as significant according to the ANOVA on glucose production.

The addition of oil to the dough modified the appearance of the curve of glucose production over time (Figure 3), particularly during the resting period. The addition of oil at 5.2% and 10.4% (fb) seemed to generate a latent phase in glucose production by AMG. During the first 15 minutes of resting, glucose production was comparable to that without oil but thereafter the glucose content remained constant up to 30 min for the dough at 10.4% oil and to 60 min for the dough at 5.2% oil. Beyond these points glucose production restarted, reaching after 2 hours approximately the same amount of glucose produced (2.90% and 2.54% fb for doughs W50/F5.2-30°C and W50/F10.4-30°C, respectively) than in the dough without oil (2.87% fb for W50/F0-30°C). Concerning dough W50/F33.4-30°C, the rate of glucose production decreased continuously during the resting time, leading to the production of glucose during the resting period of 2.3% fb. However, the amount of glucose remained higher than that obtained in a less hydrated dough (W35/F0-30°C) without oil, suggesting that the addition of oil has less impact on AMG activity than the reduction of water content in the dough. Other authors found similar results showing decreased hydrolysis rates for corn starch [START_REF] Ai | Effects of lipids on enzymatic hydrolysis and physical properties of starch[END_REF] and foxtail millet starch [START_REF] Jin | Interactions between protein, lipid and starch in foxtail millet flour affect the in vitro digestion of starch[END_REF] after the addition of free fatty acids or oil. These authors attributed this reduction of the in vitro digestibility of starch to an amylose-helical complex formation between amylose and the lipids that is more resistant to amylase hydrolysis.

Possible applications in bakery products: the case of sandwich bread

The previous results obtained using a model dough indicated that glucose production by AMG is favoured by higher hydration, low oil content and the presence in the process of a resting period before baking. An application in the case of sandwich bread therefore appeared to provide a set of conditions favourable to the application of AMG.

The addition of AMG was tested in a sandwich bread with no added sugar. The glucose content was measured at different process stages (mixing, resting and baking), in bread containing different quantities of AMG: 1650 AGU/kg on the flour basis, which is similar to the test presented previously in the model dough of section 3.1, and two lower quantities (1100 and 550 AGU/kg flour). The glucose content in the product increased during the process (Figure 4). This confirmed that AMG is active under actual conditions of sandwich bread production, as found in a previous study of [START_REF] Struyf | Investigating the impact of a-amylase, a-glucosidase and glucoamylase action on yeast-mediated bread dough fermentation and bread sugar levels[END_REF].

A comparison of the results obtained for sandwich bread (case of 1650 AGU/kg flour), with those obtained in the model dough (W50/F0-30°C) showed similar glucose productions during resting (2.1% in sandwich bread vs. 2.9% in model dough), but much higher production during baking (2.4% in sandwich bread vs.

-0.15% in model dough). This increased AMG action could be linked to the lower pH of bread dough (sourdough bread, pH of sourdough 3.7) which promoted AMG activity [START_REF] Lam | Production of Fungal Glucoamylase for Glucose Production from Food Waste[END_REF].

Consequently, the resulting glucose contents obtained in bread (6.8% sample basis) were much higher than those obtained in the model dough (3.55% sample basis).

On the other hand, the amount of glucose in sandwich bread increased linearly with the amount of AMG (Figure 4). This suggests that AMG is the limiting factor and that the glucose content of the bread can be regulated by the amount of AMG added in the recipe. The 3 quantities of AMG tested, i.e. 550, 1100, and 1650 AGU/kg flour, yielded breads containing 3.3%, 5.1% and 6.8% of glucose, respectively (sample basis).

In comparison, a commercial sandwich bread found on the French market contains around 6% total sugars (mono and disaccharides). The quantity of AMG required is consistent with the 80 to 23000 AGU/kg of flour required for the anti-staling application recommended in the patent registered by [START_REF] Else | Use of an anti-staling enzyme mixture in the preparation of baked bread[END_REF].

In order to assess the impact of AMG on the organoleptic qualities of bread, sensory tests on bread characteristics and overall acceptance were conducted (Figure 5 (a) to (h)). Sandwich bread containing 825 and 1100 AGU/kg flour were compared to reference bread, no added sugar and sugar reduced breads, whose sugar profiles are shown in Table 3.

The most preferred products were the reference bread and the sugar reduced bread followed by the 825 AGU/kg flour, the 1100 AGU/kg flour breads and, finally, the least preferred bread was the no added sugar bread (Figure 5a). The sums of ranks ranged from 186 to 258 out of 390, which shows that the panellists liked the breads moderately.

More specifically, sweetness was highly impacted by the changes of formulation (Figure 5b). The no added sugar bread was clearly not sweet enough whereas the reference bread was slightly too sweet. The sugar reduced bread and the two AMG breads were sweet enough for approximately 2/3 of the panellists and not sweet enough for 1/3 of them. The right sweetness balance seemed to be with sugar content between these recipes and the full sugar bread.

The formulation also influences the colour of breads (Figure 5c). The sugar-reduced bread had the most acceptable colour. The reference bread was slightly not enough coloured whereas the AMG breads and the no added sugar bread were too much coloured. Generally, the Maillard reaction gives an appealing colour to the food products [START_REF] Rannou | Mitigation strategies of acrylamide, furans, heterocyclic amines and browning during the Maillard reaction in foods[END_REF] but in our case, the no added sugar breads had a too intense colour, which was not appreciated by the panellists.

Two parameters were evaluated for texture: softness and pastiness (Figures 5d and5e). The three no added sugar breads were less soft than the reference bread and the sugar-reduced bread. Sugar seems to play an important role for the softness of breads. However, the addition of AMG slightly improved the acceptance of softness of the no added sugar breads by the panellists compared to the no added sugar bread. Concerning pastiness, all the breads were relatively well accepted except the no added sugar, which was perceived as too pasty.

The breads were generally described as not enough aromatic (Figure 5f). The no added sugar breads had the highest proportion of 'too much aromatic' followed by the AMG breads. This result could be surprising but we can hypothesised that the removal of sugar favour the perception of taste and aroma from sourdough as sweetness generally counterbalance acidity. Sourdough is known to bring acidity to the products as well as volatile compounds contributing to the aroma of bread [START_REF] Pétel | Sourdough volatile compounds and their contribution to bread: A review[END_REF]. The evaluation of acidity (Figure 5h)

show that the no added sugar bread was effectively perceived as 'too much acid' for 28% of the panellists, which is the highest score. The acidity of the other breads was mainly 'just about right'. Thus, an increase of the amount of AMG, and the related sugar content, improves the perception of acidity compared to the no added sugar. Finally, saltiness was well accepted for the reference bread, the sugar reduced bread and the no added sugar + 1100AGU/kg flour. The no added sugar bread was the least accepted (Figure 5g).

As expected, the no added sugar bread, which had a very low sugar content (1.8g/100g) unacceptable colour and texture and the worst flavour, was that least preferred. The addition of AMG improved the preference, the sweetness, the flavour and the texture of a no added sugar bread. However, despite the total sugar content being close to those of breads formulated with sucrose, products containing AMG were still less preferred than products with sucrose. Sweetness perception is thus complex and not only linked to the total amount of sugar. We can hypothesise that a different sugar profile (table 3) or that a modification in the texture, colour or flavour of the product may lead to a different sweetness perception. In the same way, preference is the result of the evaluation of the overall qualities of bread. Sweetness is a driver of preference but not the only one.

CONCLUSION

This work showed that under conditions of hydration and oil content ranging from those of a biscuit to those of a sandwich bread, AMG was able to produce a significant quantity of glucose. The production of glucose is favoured by a high water content, a low oil content, and a process integrating a rest phase at a high temperature. The effect of hydration was greater than the effect of oil on the activity of AMG. The resting phase was the key to controlling the glucose production of AMG during the process. Adjusting the resting time and temperature conditions allowed optimising the desired glucose level. This work showed that the addition of AMG (1100AGU/kg of flour) in a sandwich bread with no added sugar made it possible to obtain a sugar content and a sweet taste comparable to a standard sandwich bread. (0, 5.2, 10.4 and 33.4 % flour basis, recipes F0, F5.2, F10.4 and F33.4, respectively), and for different resting 572 temperatures (30°C, 50°C and 60°C). ND means that the glucose content is below the detection limit of the analysis method. 
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 2 Figure 2: Evolution of the amount of glucose produced by 1650 AGU/kg flour of AMG, in dough containing
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 4 Figure 4: Impact of the quantity of AMG added to the recipe on the amount of glucose quantified in bread
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 5 Figure 5: (a) Results of the hedonic ranking test (α=5%). A different letter reflects significant differences

  

Table 1 :

 1 Details of soft bread recipes used to test the AMG application for glucose production and for sensory comparison.

	Ingredients	No added sugar	Reference	Sugar reduced	No added sugar
	(% flour basis)	+ AMG bread	bread	bread	bread
	Flour	100	100	100	100
	Sourdough	10.0	10.0	10.0	10.0
	Fat	5.5	5.5	5.5	5.5
	Water	52.6	45	48	52.6
	Sugar	0	6.1	4.2	0
	Salt	1.5	1.5	1.5	1.5
	Fresh yeast	2.1	2.1	2.1	2.1
	Soybean flour	5.2	0	1	5.2
	Fibres	1.05	0.05	1.05	1.05
	AMG	0.05 to 0.15	0	0	0

573 glucose produced during the different stages (g for 100g flour) glucose content at the end of the different stages (g for 100g sample)

  

	Model dough recipe	AMG content (AGU/kg flour)	Resting temperature (°C)	during mixing	during dough preparation (mixing and shaping)	during resting	during baking without resting	during baking after resting	in dough before resting	in dough after 2h resting	in baked product without resting	in baked product after resting
	W50/F0	0		ND	ND	ND	ND	ND	ND	ND	ND	ND
	W50/F0	1650		1.45 ± 0.30	1.53 ± 0.38	2.87 ± 0.11 0.86 ± 0.31	-0.15 ± 0.18	0.97 ± 0.16 2.87 ± 0.09	1.85 ± 0.25	3.55 ± 0.11
	W50/F0	0		ND	ND	ND	-	-	ND	ND	-	-
	W50/F0	1650		2.08	2.07	4.75	-	-	1.38	4.54	-	-
	W50/F0	0		ND	ND	ND	-	-	ND	ND	-	-
	W50/F0	1650		1.20	1.37	7.09	-	-	0.91	5.63	-	-
	W50/F5.2	1650		1.34	1.39	2.90	-	-	0.93	2.86	-	-
	W50/F10.4	1650		1.19	1.59	2.54	-	-	1.06	2.75	-	-
	W50/F33.4	1650		1.11	1.43	2.30	-	-	0.96	2.49	-	-
	W35/F0	0		ND	ND	ND	ND	ND	ND	ND	ND	ND
	W35/F0	1650		1.17 ± 0.24	1.22 ± 0.21	1.80 ± 0.23	0.57	-0.44	0.85 ± 0.09 2.12 ± 0.16	1.59	2.16
	W35/F0	0		ND	ND	ND	-	-	ND	ND	-	-
	W35/F0	1650		1.59	1.71	4.11	-	-	1.14	3.88	-	-
	W35/F0	0		ND	ND	ND	-	-	ND	ND	-	-
	W35/F0	1650		1.91	1.50	5.35	-	-	1.00	4.57	-	-

Figure 1: Processing and sampling flowchart used during this study.
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