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The effects of a fibre-enriched bakery product on glucose, insulin values and appetite. A pilot randomized cross-over trial.
Brewers spent grain (BSG) is a valuable source of arabinoxylans with potential beneficial effects on glucose values. This pilot randomized crossover double-blind trial compared the effects of panettone, a sweet baked-product, enriched with BSG-fibre (p-rich) to unenriched panettone (p-standard) on glucose and insulin blood values and appetite scores. 
Ten healthy volunteers consumed each food in a random order. Blood variables and appetite scores were assessed at fasting and at different intervals after each food consumption. 
Glucose values were significantly higher after p-standard intake at 90-min (89.9±16.1 vs 74.6±19.4 mg/dL) and 120-min (81.1±9.85 vs 72.1±14.0 mg/dL). The areas-under-the-curve (AUCs) were lower for both glucose (p=0.043) and insulin values (p=0.036) with p-rich. At 240-min, satiety was higher (p=0.006), and desire-to-eat lower (p=0.008) with p-rich; desire-to-eat AUC was lower with p-rich too (p=0.029). 
The integration of small amount of BSG-derived fibre into a sweet food led to improved glycaemic control and appetite regulation.
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Introduction
Arabinoxylans are constituents of several cereals with prebiotic activity and beneficial effects in humans on postprandial blood glucose and glycaemic responses after the consumption of carbohydrate-rich foods (Giuntini et al. 2022; Zanini et al. 2022). However, data were controversial, since in young and healthy individuals, the addition of arabinoxylans to meals did not determine any significant difference in glucose or insulin responses (Möhlig et al. 2023). No changes in perceived satiety and appetite were found by a blend of arabinoxylan and inulin in healthy adult men during an acute test, while a decreased energy intake in an ad-libitum meal was observed after 21-days of intervention (Collins et al. 2023). A mix of arabinoxylan fibres induced in vitro a reduction in α-glucosidase inhibition, thus potentially leading to increased post-meal glucose levels (Li et al. 2023). An arabinoxylan-enriched breakfast increased serum levels of ghrelin, an orexigenic gut hormone (Möhlig et al. 2023).  
Moreover, at present, the exact effect of arabinoxylans is not defined, few studies are available with arabinoxylan integrated into food matrixes, and further research was deemed necessary particularly on this latter topic (Zanini et al. 2022). Finally, previous studies assessed food added with high amount of fibre enriched with arabinoxylans (e.g., 4 to 18 g fibre per portion) (Möhlig et al. 2023; Lu et al. 2000, 2004; Hartvigsen et al. 2014a, 2014b; Johansson Boll et al. 2015; Kjølbæk et al. 2020). It is not known whether lower amounts of fibre enriched with arabinoxylans could cause significant changes in metabolic variables.   
There is great interest in the recovery of agricultural waste products as a resource to produce new products according to the principles of circular economy. Brewers spent grain (BSG), the largest by-product of the brewing industry, is the outer grain layers of the barley kernels, remaining after the extraction of starch and other carbohydrates during the brewing process (Lynch et al. 2016). BSG represents a valuable source of fibre including arabinoxylans (Ikram et al. 2017). In the past, there have been attempts to integrate BSG into animal feed and human food, such as cookies and bread, to increase their fibre contents (Mussatto et al. 2006; Stojceska et al. 2008). Previous studies showed the non-digestibility of the arabinoxylan fibres and the preservation of their molecular structure during baking (Zhang et al. 2023). However, the addition of BSG to bakery products had some limitations due to the change in flavour, texture, and the brownish colour of the end product (Ikram 2017).
A product enriched with arabinoxylan extracted from BSG was developed to assess the impact of arabinoxylans integrated into panettone, a sweet baked product with a high glycaemic index. Panettone is a characteristic Italian sweet yeast-leavened bread made with wheat flour, eggs, fats, sugars, essences, candied fruits, raisins, and possibly other ingredients as well (such as chocolate, sweet or liqueur wine, beer, etc.) typically eaten at Christmas (Lattanzi et al. 2013). It is produced through artisanal or industrial processes, being the main input wheat flour. For the purpose of the study, a part of the flour of panettone was replaced with fibre rich in arabinoxylans.

The aim of the present pilot randomized controlled trial was to compare the effects of the following: (1) panettone enriched with arabinoxylans (p-rich), (2) panettone not enriched (p-standard) on blood glucose and insulinemia values, and appetite scores in healthy volunteers. 

Methods
Participants
Ten Caucasian non-smoker healthy adult volunteers were enrolled starting from January 2023. The inclusion criteria were: (i) age 20-65 years; (ii) ability to provide informed consent. The exclusion criteria were presence of obesity; presence of chronic diseases or pharmacological therapies or dietary restrictions potentially influencing glycaemic and/or insulinemic responses; allergy or intolerances to the ingredients of panettone.

Design
This was a crossover, randomized double-blind trial. The trial was registered at www.clinicaltrials.gov (identifier: NCT06032260).

Outcomes
The primary outcome was evaluating changes in glucose responses after the consumption of the p-rich compared to the p-standard food. Secondary outcomes were analysing changes in insulin values and appetite scores after the intake of the two foods. 

Panettone
BSG extract-based food supplement was produced by HEALLO s.r.l. (Milan, Italy), within European specifications for contaminants and microbiologic limits. The food supplement has been notified (notification number: 141039) with the brand name “JAX Plus®”. It is a soluble fibre with arabinoxylans and ß-glucans from wheat and barley, obtained by patented enzymatic hydrolysis process without solvent use. Its composition was 30.4 g of dietary fibre/100 g, mainly represented by resistant starch (14.6 g/100 g), arabinoxylans (11.8 g/100 g), β-glucans (1.9 g/100 g), and other soluble fibre (6.4 g/100 g) isolated with 78% ethanol precipitation and calculated by the difference between total soluble fibre dry residue (7.45 g/100 g) and high molecular weight arabinoxylans (0.45 g/100 g) and resistant starch (0.6 g/100 g) weights (Ullah et al. 2022).
The composition of p-rich and p-standard was reported in Supplemental Table 1. Both were glazed panettoni with almonds and beer, produced by Albertengo® (Torre San Giorgio (CN), Italy). The composition of the two products was identical except for the fibre content (arabinoxylans) which was equal to 2% of the total on the finished product in the p-rich product, while the quantity of wheat flour (type 00) was consequently different (24.5% and 26.5% of the total raw product respectively in p-rich and p-standard). The production process of both p-rich and p-standard began with yeast production and ingredient dosing (wheat flour type 00, sultanas, water, butter egg yolk, raw cane sugar, natural yeast, raisin beer, fatty acid mono diglycerides, liqueur wine -Marsala-, invert sugar syrup, glucose-fructose syrup, fine sea salt, barley malt extract, white sugar, fresh egg white, hazelnut flour, sweet almond flour, apricot kernel flour, sunflower oil), followed by mixing and overnight fermentation at 29-34°C and 80% humidity. Multiple stage mixing with inert additions was performed, and then the dough was divided, scored, and pearled. The dough underwent fermentation for 6-8 hours at 36°C and 75% humidity before being baked for 58-63 minutes at 165°-175°C. Primary packaging with alcohol spraying, secondary packaging, storage in the warehouse, and shipment of finished products completed the process.

Intervention
[bookmark: _Hlk139267443]The week preceding each test, participants were instructed not to change their usual lifestyle. The day before each test, every participant was provided the same diet, explained in detail by the same dietitian (20% proteins, 30% lipids, 50% carbohydrates, fibre 20-26 g/day), and instructed to avoid alcohol, hard exercise, inactivity, and sleep deprivation. All tests were performed in the morning at 8:00, after 10-h fast. Participants were randomized to receive either the enriched panettone (p-rich) or the unenriched product (p-standard). The order of administration of each product was randomized using a computer-generated sequence. The day of each test, fasting individuals underwent a blood sample collection, and weight and height measurements. Then, participants must consume 100 grams of the product within 20 minutes, while sitting. Drinking 250 mL of tap water was allowed during the test. Blood samples were collected at 15, 30, 45, 60, 90, 120 minutes after the consumption of each food. The flow of the study is described in Figure 1. Then, individuals could leave the room and move without carrying out exercise and eating for additional 120-min, during which they continued to report their subjective feelings of appetite. Subjective sensations of hunger, satiety, fullness, and propensity to eat were assessed at 60, 120, 180, and 240 minutes after the consumption of the products by visual analogue scale (VAS). 
At least three days had to elapse between tests. 

Measurements
The following data were collected in all participants:
-anthropometric data (weight and height);
-usual eating habits by means of a food-frequency questionnaire;
-subjective sensations of hunger, satiety, fullness, and propensity to eat by means of VAS;
-the occurrence of adverse gastrointestinal effects (within 24-h from the product consumption) by the self-administered version of GSRS (Gastrointestinal Symptoms Rating Scale) questionnaire (Svedlund et al. 1998).

Body weight and height were measured with subjects wearing light clothes using a mechanical column scale (SECA 711, Hamburg, Germany) to the nearest 0.1 kg and 0.1 cm, respectively. All participants completed a semiquantitative food-frequency questionnaire (Buscemi et al. 2015). The medium-length food-frequency questionnaire is a tool validated in the Italian population that assessed the semi-quantitative habitual intake of 36 different commonly eaten food during the previous 12 months (Buscemi et al. 2015). Participants indicated the usual consumption frequency of each food and the relative portion size with the help of pictures to estimate the amount (Istituto Scotti Bassani 1992). The intakes of energy and nutrients were calculated by using a Microsoft Excel software based on the most recent Council for Agricultural Research and Economics (CREA) Food Composition Database (CREA 2019).
VAS was used to assess subjective hunger, satiety, fullness, and prospective food consumption after panettone consumption. The scales are 100 mm length with words anchored at each end, expressing the most positive and negative rating (Flint et al. 2000). To assess adverse gastrointestinal symptoms, the self-administered modified version of the GSRS was compiled by all participants (Svedlund et al. 1998). It consists of 15-item, such as abdominal discomfort or pain, bloating, diarrhoea, constipation, etc. The participants quantitatively assessed each symptom by using a Numerical Rating Scale (NRS) with a score ranging from 1 (mild) to 10 (severe). 
Blood samples were immediately centrifuged, and aliquots of serum were stored at -20°C.  Serum glucose was measured in triplicate by enzymatic hexokinase method (Beckman Coulter Ireland Inc., Ireland). The kit has a sensitivity of 0.04 mmol/L and a range between 0.6 - 45.0 mmol/L (10 - 800 mg/dL). Insulin was measured by sandwich chemiluminescent immunoassay (Beckman Coulter Eurocenter S.A., Switzerland).  This method has a sensitivity between 0.03 μIU/mL (0.21 pmol/L) and a range between 0,03-300 μIU/mL.

Blinding
Neither the participant nor the investigator was aware of the composition of the administered food. The two types of panettone were supplied by the company in identical packages. The colour, flavour, smell, and appearance of the two products were identical. The researchers who analysed data and the laboratory personnel who performed the biochemical analyses were blinded to the group assigned.

Ethics
The study was approved by the ethics committee of the University of Torino (protocol number 630028, 28 December 2022); all the procedures were in accordance with the principles of the Helsinki Declaration. Each participant provided written informed consent to take part to the study.

Statistical Analyses
The area-under-the curve (AUC) values were calculated by the trapezoidal method (Allison et al. 1995). All variables were controlled for normal distribution using the Kolgomorov-Smirnov test. The within-subject differences in the variable values and AUCs after the intake of the different products were evaluated by the paired t-test. 

Results
Mean age and body mass index (BMI) of the participants (4F/6M) were 36.3±10.1 years, and 22.7±2.4 kg/m2. Mean daily consumption of energy, protein, carbohydrates, fibre, and fats were respectively 2055.6±483.5 kcal, 93.7±26.0 g/day, 237.7±74.8 g/day, 20.1±9.3 g/day, and 76.3±14.6 g/day.
Values of glucose and insulin after the three tests were reported in Table 1. At 90 and 120-min, glucose values were significantly higher after the consumption of p-standard. AUCs for glucose (p=0.043) and insulin values (p=0.036) were significantly lower after the intake of the p-rich.
Values of appetite scores are described in Table 2. Satiety was significantly higher at 240-min after the consumption of p-rich. Desire to eat both at 180 and 240 min, and the relative AUC was significantly lower with the intake of the fibre enriched product. 
No adverse effects were reported during the tests.

Discussion
The consumption of panettone enriched with soluble fibre obtained from a by-product of brewing process determined a lower glucose and insulin responses and a higher satiety compared with a traditional panettone. The enriched product was well tolerated and did not cause any adverse effects.
The consumption of foods enriched with arabinoxylans determined a lower increase in serum glucose and insulin values with respect to the corresponding food not enriched with fibre (Lu et al. 2000; Hartvigsen et al. 2014b; Ullah et al. 2022; Falchi et al. 2016). A study conducted on 14 young-adult healthy volunteers investigated the effects of three isoenergetic breakfasts consisting of bread plus margarine and jam, with varying amounts of arabinoxylan-rich fibre: 0 g, 6 g, and 12 g respectively (Lu et al. 2000). The authors showed that the consumption of both 6 and 12 g arabinoxylan-enrich breads led to significantly lower peak serum glucose levels at 30 minutes, as well as a lower glucose and insulin incremental area under the curve (iAUC) when compared to breads without arabinoxylan-rich fibre (Lu et al. 2000). 
In a randomized cross-over study, 15 patients with the metabolic syndrome (mean age 63 years), consumed different types of meals each providing 50 g of digestible carbohydrate but with different arabinoxylan content. Either semolina porridge with the addition of 3.5g arabinoxylans and porridge with rye kernels with 4.4g arabinoxylans resulted in lower postprandial glucose, insulin peak and iAUCs values than the control meal consisted of semolina porridge without arabinoxylan addition (Hartvigsen et al. 2014b).
The exact mechanisms by which arabinoxylans affect postprandial glucose response are still unknown. Arabinoxylans are soluble fibre with a high viscosity which may slow gastric emptying (Jenkins et al. 1978; Dayib et al. 2020) and reduce the motility of the small bowel (Giuntini et al. 2022), resulting in delayed glucose absorption and flattened blood glucose response. Moreover, soluble fibre promotes the production of short-chain fatty acids by the intestinal microbiota, which stimulate the release of Glucagon-like Peptide 1 (GLP-1) and Peptide YY (PYY) hormones (Giuntini et al. 2022).
[bookmark: _Hlk139442907]Previous studies observed a beneficial effect of arabinoxylan-enriched foods on glycemia as early as 30 minutes after the consumption (Lu et al. 2000; Hartvigsen et al. 2014b; Falchi et al. 2016). We observed a delayed -at 90 and 120 minutes- reduction on serum glucose values after the consumption of the p-rich in comparison with the p-standard. Similarly, a randomized, placebo-controlled, double-blind, cross-over trial in healthy 40 adults reported lower postprandial glucose values at 90 and 120 minutes after the consumption of 65g of breadsticks enriched with 5g of the same BSG extract we employed, but with an amount of arabinoxylan per portion slightly higher than ours (respectively, 0.37g vs 0.24g of our product) (Ullah et al. 2022). The lack of an early effect on post-prandial blood glucose was hypothesized to be due to the low content of BSG and the poor gelling properties of the soluble fibre (Ullah et al. 2022). The late reduction in the glycaemic response of our food test with a low content of arabinoxylans is intriguing, because it suggests that small amounts of arabinoxylans may have a significant impact on the postprandial late glycaemic responses, while higher amount might be necessary to obtain earlier reduction (Lu et al. 2000; Hartvigsen et al. 2014b; Falchi et al. 2016).
The possibility that the food matrix has influenced the late glucose response cannot be excluded. Panettone is a sweet food containing higher amount of fats and proteins than those contained in previous tested foods (Lu et al. 2000; Hartvigsen et al. 2014b; Ullah et al.  2022; Falchi et al. 2016), i.e., nutrients impacting on glycaemic responses by slowing down gastric emptying and delaying the digestion processes (Augustin et al. 2015). 

[bookmark: _Hlk139280439]The BSG extract of the p-rich contains small amounts of β-glucans (0.038g per serving). The European Food Safety Authority (EFSA) Panel's review has established a minimum dose of 4g β-glucan per 30 g available carbohydrates to reduce postprandial glycaemic responses (EFSA Panel on Dietetic Products, Nutrition and Allergies 2011) and a recent meta-analysis found that the addition of β-glucans to carbohydrate-containing meals resulted in reduced glycaemic and insulinemic in a dose-dependent manner, with approximately 2.9 g of β-glucan per 30 g of available carbohydrates needed to achieve a significant glucose reduction (Zurbau et al. 2021). Therefore, it is unlikely that the small amount of β-glucan in the enriched panettone could have played a relevant role on glucose values, even if a synergic interaction with arabinoxylans cannot be ruled out.  

We observed increased satiety and reduced desire to eat after 3-4 hours following the consumption of p-rich compared to the standard product. Satiety is a complex and dynamic process influenced by various factors, including central and peripheral mechanisms, as well as the characteristics of food (Caroline et al. 2017), such as macronutrient composition, dietary fibre content, energy density, portion size, and palatability (Kristensen et al. 2010; Holt et al. 2001; Williams et al. 2014). Dietary fibre leads to satiety by adding bulk and increasing the viscosity of the digesta along the gastrointestinal tract (Rakha et al. 2022). The addition of dietary fibre gives to decreased energy intake and enhanced expression and production of satiety hormones, such as PYY and GLP-1 (Akhlaghi 2022).  However, few data are available about the effects of arabinoxylan-enriched products on satiety, with conflicting results (Möhlig et al. 2023; Hartvigsen et al. 2014b; Peters et al. 2009; Garcia et al. 2007).
The absence of short-term differences in satiety in our participants could be explained by the high fat content of panettone, which delays the digestive process, and makes it impossible to discern the effects of arabinoxylan per se from the effects of the food matrix. Additionally, the early stages of satiety are primarily influenced by cognitive factors, such as previous experiences with the same food, and by oro-sensory factors, i.e., taste, texture, flavour, aroma, and palatability (Rakha et al. 2022). However, the delayed effect on satiety and desire to eat is noteworthy as it may have implications on daily dietary energy and nutrient intake, since satiety affects the period of time between meals and potentially the amount of food consumed at the subsequent meals of the day (Tremblay et al. 2015). This suggests that the inclusion of this small amount of soluble fibre in food products could potentially contribute to appetite control and better dietary management.

The present pilot study has several limitations that need to be acknowledged. First, the sample size was small. However, the study had an adequate statistical power to detect meaningful differences, and the intra-individual variability was reduced by the exclusion criteria, the standardization of the pre-test diet, and the randomized cross-over design, which allowed each subject to be one's own control. The choice of panettone as a food for testing probably caused an underestimation of the actual properties of BSG extract-based food supplement in reducing post-prandial glycaemic response. The presence of additional components in panettone, fat and protein, could have potentially masked or mitigated the full impact of the BSG extract on post-prandial glycemia. On the other hand, to the best of our knowledge, no other study has investigated the effects of a complex sweet food with addiction of a soluble fibre rich in arabinoxylans. The design of the study did not allow to assess the effects of a prolonged ingestion of an arabinoxylan-rich product on glucose metabolism. 

In conclusion, the integration of a fibre derived from BSG into panettone determined a post-prandial better metabolic control and satiety. Further research with larger sample size and longer intervention periods is warranted to confirm these preliminary findings and explore the long-term effects of arabinoxylans in different food products.

Acknowledgements
The company “Albertengo” prepared the products (p-rich and p-standard) for the tests. HEALLO s.r.l. provided the fiber “JAX Plus®”. The company Baladin provided the beer for the product. The researchers did not receive any influence by the above reported companies in the drafting of the protocol, carrying out the experiment, analyzing the results, and writing the paper.

Funding
This work was supported by a grant from Regione Piemonte (P.O.R. FESR 2014/2020 - Azione I.lb.2.2 Bando Pi.Te.F).

Disclosure of interest
The authors report there are no competing interests to declare. 

References  
Akhlaghi M. 2022. The role of dietary fibres in regulating appetite, an overview of mechanisms and weight consequences. Crit Rev Food Sci Nutr. 1-12. doi: 10.1080/10408398.2022.2130160. 

Allison DB, Paultre F, Maggio C, Mezzitis N, Pi-Sunyer FX. 1995. The use of areas under curves in diabetes research. Diabetes Care. 18(2):245-250. doi: 10.2337/diacare.18.2.245.

Augustin LSA, Kendall CWC, Jenkins DJA, Willett WC, Astrup A, Barclay AW, Björck I, Brand-Miller JC, Brighenti F, Buyken AE, Ceriello A, La Vecchia C, Livesey G, Liu S, Riccardi G, Rizkalla SW, Sievenpiper JL, Trichopoulou A, Wolever TMS, Baer-Sinnott S, Poli A. 2015. Glycemic index, glycemic load and glycemic response: An International Scientific Consensus Summit from the International Carbohydrate Quality Consortium (ICQC). Nutr Metab Cardiovasc Dis. 25(9):795-815. doi: 10.1016/j.numecd.2015.05.005.

Boll EV, Ekström LM, Courtin CM, Delcour JA, Nilsson AC, Björck IM, Östman EM. 2016. Effects of wheat bran extract rich in arabinoxylan oligosaccharides and resistant starch on overnight glucose tolerance and markers of gut fermentation in healthy young adults. Eur J Nutr. 55(4):1661-70. doi: 10.1007/s00394-015-0985-z.

Buscemi S, Rosafio G, Vasto S, Massenti FM, Grosso G, Galvano F, Rini N, Barile AM, Maniaci V, Cosentino L., Verga S. 2015. Validation of a food frequency questionnaire for use in Italian adults living in Sicily. Int J Food Sci Nutr 66:426–438. doi: 10.3109/09637486.2015.1025718.

Caroline L, Campbell TB, Wagoner E, Foegeding A. 2017. Designing foods for satiety: The roles of food structure and oral processing in satiation and satiety. Food Structure. 13:1-12.

Collins SM, Gibson GR, Stainton GN, Bertocco A, Kennedy OB, Walton GE, Commane DM. 2023. Chronic consumption of a blend of inulin and arabinoxylan reduces energy intake in an ad libitum meal but does not influence perceptions of appetite and satiety: a randomised control-controlled crossover trial. Eur J Nutr. 62(5):2205-2215. doi: 10.1007/s00394-023-03136-6. 

CREA (Council for Agricultural Research and Economics). Tabella di composizione degli alimenti. Available online: https://www.alimentinutrizione.it/tabelle-nutrizionali/ricerca-per-alimento (accessed on 12 April 2023)

Dayib M, Larson J, Slavin J. 2020. Dietary fibres reduce obesity-related disorders: mechanisms of action. Curr Opin Clin Nutr Metab Care. 23(6):445-450. doi: 10.1097/MCO.0000000000000696. 

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). 2011. Scientific Opinion on the substantiation of health claims related to beta-glucans from oats and barley and maintenance of normal blood LDL-cholesterol concentrations (ID 1236, 1299), increase in satiety leading to a reduction in energy intake (ID 851, 852), reduction of post-prandial glycaemic responses (ID 821, 824), and “digestive function” (ID 850) pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA J. 9:2207. doi.org/10.2903/j.efsa.2011.2207.21.

Falchi AG, Grecchi I, Muggia C, Palladini G, Perlini S. 2016. Effects of a Bioavailable Arabinoxylan-enriched White Bread Flour on Postprandial Glucose Response in Normoglycemic Subjects. J Diet Suppl. 13(6):626-633. doi: 10.3109/19390211.2016.1156798.

Flint A, Raben A, Blundell JE, Astrup A. 2000. Reproducibility, power and validity of visual analogue scales in assessment of appetite sensations in single test meal studies. Int J Obes Relat Metab Disord. 24:38–48. doi: 10.1038/sj.ijo.0801083

Garcia AL, Otto B, Reich SC, Weickert MO, Steiniger J, Machowetz A, Rudovich NN, Möhlig M, Katz N, Speth M, Meuser F, Doerfer J, Zunft HJ, Pfeiffer AH, Koebnick C. 2007. Arabinoxylan consumption decreases postprandial serum glucose, serum insulin and plasma total ghrelin response in subjects with impaired glucose tolerance. Eur J Clin Nutr. 61(3):334-341. doi: 10.1038/sj.ejcn.1602525. 

Giuntini EB, Sardá FAH, de Menezes EW. 2022. The Effects of Soluble Dietary Fibres on Glycemic Response: An Overview and Futures Perspectives. Foods. 11(23):3934. doi: 10.3390/foods11233934.

Hartvigsen ML, Gregersen S, Lærke HN, Holst JJ, Bach Knudsen KE, Hermansen K. 2014. Effects of concentrated arabinoxylan and β-glucan compared with refined wheat and whole grain rye on glucose and appetite in subjects with the metabolic syndrome: a randomized study. Eur J Clin Nutr. 68(1):84-90. doi: 10.1038/ejcn.2013.236. 

Hartvigsen ML, Lærke HN, Overgaard A, Holst JJ, Bach Knudsen KE, Hermansen K. 2014. Postprandial effects of test meals including concentrated arabinoxylan and whole grain rye in subjects with the metabolic syndrome: a randomised study. Eur J Clin Nutr. 68(5):567-574. doi: 10.1038/ejcn.2014.25.

Holt SH, Brand-Miller JC, Stitt PA. 2001. The effects of equal-energy portions of different breads on blood glucose levels, feelings of fullness and subsequent food intake. J Am Diet Assoc. 101(7):767-773. doi: 10.1016/S0002-8223(01)00192-4.

Ikram S, Huang L, Zhang H, Wang J, Yin M. 2017. Composition and Nutrient Value Proposition of Brewers Spent Grain. J Food Sci. 82(10):2232-2242. doi: 10.1111/1750-3841.13794. 

Istituto Scotti Bassani. 1992. Atlante Fotografico delle Porzioni degli Alimenti per Adulti. Available online: https://www.scottibassani.it/atlante-fotografico-delle-porzioni-degli-alimenti/ (accessed on 15 April 2023)

Jenkins DJ, Wolever TM, Leeds AR, Gassull MA, Haisman P, Dilawari J, Goff DV, Metz GL, Alberti KG. 1978. Dietary fibres, fibre analogues, and glucose tolerance: importance of viscosity. Br Med J. 1(6124):1392-1394. doi: 10.1136/bmj.1.6124.1392.

Kjølbæk L, Benítez-Páez A, Gómez Del Pulgar EM, Brahe LK, Liebisch G, Matysik S, Rampelli S, Vermeiren J, Brigidi P, Larsen LH, Astrup A, Sanz Y. 2020. Arabinoxylan oligosaccharides and polyunsaturated fatty acid effects on gut microbiota and metabolic markers in overweight individuals with signs of metabolic syndrome: A randomized cross-over trial. Clin Nutr. 39(1):67-79. doi: 10.1016/j.clnu.2019.01.012. 

Kristensen M, Jensen MG, Riboldi G, Petronio M, Bügel S, Toubro S, Tetens I, Astrup A. 2010. Wholegrain vs. refined wheat bread and pasta. Effect on postprandial glycemia, appetite, and subsequent ad libitum energy intake in young healthy adults. Appetite. 54(1):163-9. doi: 10.1016/j.appet.2009.10.003. 

Lattanzi A, Minervini F, Di Cagno R, Diviccaro A, Antonielli L, Cardinali G, Cappelle S, De Angelis M, Gobbetti M. 2013. The lactic acid bacteria and yeast microbiota of eighteen sourdoughs used for the manufacture of traditional Italian sweet leavened baked goods. Int J Food Microbiol. 163(2-3):71-9. doi: 10.1016/j.ijfoodmicro.2013.02.010. 

Li J, Zhang J, Yu W, Gao H, Szeto IMY, Feng H, Liu X, Wang Y, Sun L. 2023. Soluble dietary fibres decrease α-glucosidase inhibition of epigallocatechin gallate through affecting polyphenol-enzyme binding interactions. Food Chem. 409:135327. doi: 10.1016/j.foodchem.2022.135327. 

Lu ZX, Walker KZ, Muir JG, Mascara T, O'Dea K. 2000. Arabinoxylan fibre, a byproduct of wheat flour processing, reduces the postprandial glucose response in normoglycemic subjects. Am J Clin Nutr. 71(5):1123-8. doi: 10.1093/ajcn/71.5.1123.

Lu ZX, Walker KZ, Muir JG, O'Dea K. 2004. Arabinoxylan fibre improves metabolic control in people with Type II diabetes. Eur J Clin Nutr. 58(4):621-8. doi: 10.1038/sj.ejcn.1601857.

Lynch KM, Steffen EJ, Arendt EK. 2016. Brewers’ spent grain: a review with an emphasis on food and health. J Inst Brew. 122:553–568. doi: 10.1002/jib.363.

Möhlig M, Koebnick C, Weickert MO, Lueder W, Otto B, Steiniger J, Twilfert M, Meuser F, Pfeiffer AF, Zunft HJ. 2005. Arabinoxylan-enriched meal increases serum ghrelin levels in healthy humans. Horm Metab Res. 37(5):303-8. doi: 10.1055/s-2005-861474. 

Mussatto SI, Dragone G, Roberto IC. 2006. Brewers' spent grain: generation, characteristics, and potential applications. J Cereal Sci. 43(1):1–14. doi.org/10.1016/j.jcs.2005.06.001.

Peters HP, Boers HM, Haddeman E, Melnikov SM, Qvyjt F. 2009. No effect of added beta-glucan or of fructooligosaccharide on appetite or energy intake. Am J Clin Nutr. 89(1):58-63. doi: 10.3945/ajcn.2008.26701. 

Rakha A, Mehak F, Shabbir MA, Arslan M, Ranjha MMAN, Ahmed W, Socol CT, Rusu AV, Hassoun A, Aadil RM. 2022. Insights into the constellating drivers of satiety impacting dietary patterns and lifestyle. Front Nutr. 9:1002619. doi: 10.3389/fnut.2022.1002619. 

Stojceska V, Ainsworth P. 2008. The effect of different enzymes on the quality of high-fibre enriched brewer's spent grain breads. Food Chem. 110(4):865-72. doi: 10.1016/j.foodchem.2008.02.074. 

Svedlund J, Sjödin I, Dotevall G. 1988. GSRS--a clinical rating scale for gastrointestinal symptoms in patients with irritable bowel syndrome and peptic ulcer disease. Dig Dis Sci. 33(2):129-34. doi: 10.1007/BF01535722.

Tremblay A, Bellisle F. 2015. Nutrients, satiety, and control of energy intake. Appl Physiol Nutr Metab. 40(10):971-979. doi: 10.1139/apnm-2014-0549. 

Ullah H, Esposito C, Piccinocchi R, De Lellis LF, Santarcangelo C, Minno AD, Baldi A, Buccato DG, Khan A, Piccinocchi G, Sacchi R, Daglia M. 2022. Postprandial Glycemic and Insulinemic Response by a Brewer's Spent Grain Extract-Based Food Supplement in Subjects with Slightly Impaired Glucose Tolerance: A Monocentric, Randomized, Cross-Over, Double-Blind, Placebo-Controlled Clinical Trial. Nutrients. 14(19):3916. doi: 10.3390/nu14193916. 

Williams RA, Roe LS, Rolls BJ. 2014. Assessment of satiety depends on the energy density and portion size of the test meal. Obesity (Silver Spring).  22(2):318-324. doi: 10.1002/oby.20589. 

Zannini E, Bravo Núñez Á, Sahin AW, Arendt EK. 2022. Arabinoxylans as Functional Food Ingredients: A Review. Foods. 11(7):1026. doi: 10.3390/foods11071026. 

Zhang D, Rudjito RC, Pietiäinen S, Chang SC, Idström A, Evenäs L, Vilaplana F, Jiménez-Quero A. 2023. Arabinoxylan supplemented bread: From extraction of fibres to effect of baking, digestion, and fermentation. Food Chem. 413:135660. doi: 10.1016/j.foodchem.2023.135660. 

Zurbau A, Noronha JC, Khan TA, Sievenpiper JL, Wolever TMS. 2021. The effect of oat β-glucan on postprandial blood glucose and insulin responses: a systematic review and meta-analysis. Eur J Clin Nutr. 75(11):1540-1554. doi: 10.1038/s41430-021-00875-9.

Table 1. Glucose and insulin values after the tests

	
	P-standard
	P-rich
	P for paired data

	Glucose (mg/dL)
	
	
	

	0
	86.4±7.00
	86.4±5.46
	1.00

	15
	97.5±10.4
	94.0±13.1
	0.36

	30
	110.9±17.1
	105.5±14.7
	0.44

	45
	102.5±18.4
	99.4±19.8
	0.65

	60
	102.0±15.7
	89.0±23.7
	0.09

	90
	89.9±16.1
	74.6±19.4
	0.046

	120
	81.1±9.85
	72.1±14.0
	0.043

	AUC (mg*min/L)
	11520.0±1206.7
	10453.5±1543.3
	0.043

	Insulin (µU/mL)
	
	
	

	0
	4.85±2.37
	4.36±3.31
	0.36

	15
	9.44±3.63
	8.78±3.07
	0.43

	30
	17.8±9.86
	16.3±3.67
	0.66

	45
	21.2±8.33
	17.0±6.20
	0.24

	60
	21.2±10.2
	14.1±4.62
	0.05

	90
	18.7±11.0
	15.0±7.52
	0.09

	120
	12.4±6.01
	10.1±5.19
	0.25

	AUC (µU*min/mL)
	1985.8±724.5
	1583.3±379.5
	0.036





Table 2. Appetite scores following the tests
	
	P-standard
	P-rich
	P for paired data

	Hunger
	
	
	

	60
	3.10±1.85
	3.60±1.78
	0.46

	120
	5.50±2.72
	4.20±2.30
	0.36

	180
	5.80±2.44
	4.60±2.84
	0.40

	240
	7.40±1.84
	5.10±2.96
	0.13

	AUC (unit*min)
	993.0±342.8
	789.0±439.8
	0.36

	Fullness
	
	
	

	60
	5.90±1.73
	6.60±1.84
	0.39

	120
	4.50±2.07
	6.00±1.82
	0.11

	180
	4.40±2.22
	5.70±2.41
	0.25

	240
	3.00±2.83
	5.00±2.71
	0.11

	AUC (unit*min)
	783.0±340.7
	1050.0±367.7
	0.13

	Satiety
	
	
	

	60
	6.70±1.16
	7.30±1.49
	0.40

	120
	5.80±1.99
	6.80±1.48
	0.30

	180
	5.40±1.58
	6.90±1.60
	0.11

	240
	3.40±2.07
	6.70±1.49
	0.006

	AUC (unit*min)
	975.0±245.9
	1242.0±253.1
	0.10

	Desire to eat
	
	
	

	60
	4.90±2.69
	5.00±2.83
	0.91

	120
	7.00±2.45
	5.50±2.84
	0.12

	180
	8.50±1.18
	5.50±2.72
	0.008

	240
	9.50±0.71
	6.20±2.57
	0.003

	AUC (unit*min)
	1362.0±279.4
	996.0±484.1
	0.029










SUPPLEMENTARY FILE

Supplementary Table 1. Composition of p-standard and p-rich per portion (per 100 g of product)
	
	p-standard
	p-rich

	Dough
	
	

	Wheat Flour type 00 (g)
	26.5
	24.5

	Sultanas (g)
	18.4
	18.4

	Water (L)
	9.8
	9.8

	Butter (g)
	9.2
	9.2

	Egg yolk (g)
	9.2
	9.2

	Fibre Jax Plus (g)
	-
	2.0

	Raw cane sugar (g)
	5.8
	5.8

	Natural yeast 1/3 (g)
	5.7
	5.7

	Raisin beer (L)
	5.1
	5.1

	Fatty acid mono diglycerides (g)
	2.8
	2.8

	Liqueur vine (marsala) (L)
	2
	2

	Invert sugar syrup (g)
	1.8
	1.8

	Glucose - Fructose syrup (g)
	1
	1

	Fine sea salt (g)
	0.3
	0.3

	Barley malt extract (g)
	0.3
	0.3

	Glaze
	
	

	White sugar (g)
	7.3
	7.3

	Fresh egg white (g)
	2.7
	2.7

	Hazelnut flour (g)
	1.4
	1.4

	Sweet almond flour (g)
	0.9
	0.9

	Apricot kernel flour (g)
	0.7
	0.7

	Sunflower oil (g)
	0.1
	0.1



