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  Abstract

								
								Bread is regarded as an essential source of carbohydrates and is a staple food around the world. Several research papers have shown that hunger is still one of the major concerns of the planet, and this global issue requires innovations and investigations that would enhance the process of bread making. Hence, this paper examined the fermentation rate in Saccharomyces cerevisiae using different types of sugar: White sugar, brown sugar, and muscovado sugar. This was done by measuring the dough's longitudinal and lateral expansion, mass, and pH at ten-minute intervals until an hour was reached. The main findings were that feeding brown sugar to the Saccharomyces cerevisiae elicited the fastest fermentation rate compared to the other sugars. This could mean that the slight presence of molasses in brown sugar (as compared to white and muscovado sugar) helps with the fermentation rate of Saccharomyces cerevisiae. These findings could mean that the bread making process could be sped up depending on the amount of molasses added in baking bread, resulting in a faster overall baking process. This however needs to be further investigated in-vitro to confirm or falsify the findings.
								

								Introduction

								
								Due to the COVID-19 pandemic, progress towards achieving food security in 2030, the second sustainable development goal, has been severely stumped. In 2020, between 720 and 811 million people were affected by hunger. Along with that, the nearly stable prevalence of undernourishment climbed up to 9.9% from 8.4% a year earlier [1]. Not to mention that the impact in third world countries has been magnified due to economic inequality. In May 2021, a poll by the Social Weather Stations showed that some 4.2 million families have experienced hunger as a result of many Filipinos being unemployed in the Philippines [2]. Luckily, one of the most commonly eaten and inexpensive staple foods in the Philippines is bread, as this will be the main subject of this paper's investigation.
								

								
								Bread is known as an essential source of carbohydrates and is a staple food across the globe due to its simplicity. In the Philippines, different types of bread like pandesal, ensaymada, and mamon are commonly found in bakeshops nationwide. When deciding to eat breakfast or snacks in the afternoon, bread is commonly paired either with coffee or another hot drink. Eaten with filling inside or cheese on top, bread is easily one of the most common food choices in the Philippines. This is evident as the Philippines Statistics Authority [3] has found that the baking of bread, cakes, pastries, and other similar 'perishable' bakery products have amassed about 27.4% of all manufacturing establishments in the Philippines, which is the largest amount of establishments. This comes as no surprise as revenue in the Bread and Bakery Products segment is forecasted to grow annually by 6.61% [4].
								

								
								It is due to all this that this paper aims to investigate in determining the extent to which different types of sugars will affect the fermentation of dough in bread making.
								

								Background Research

								
								Saccharomyces cerevisiae is a unicellular fungus commonly referred to as "baker's yeast" [5]. This is because it plays an important part in the production of many fermented beverages and bread by being the leavening agent in the bread-making process, causing the dough to increase in volume due to the release of gases within the dough. Thus, making it a key agent in the alcoholic fermentation of bread.
								

								
								Alcoholic fermentation is the key biochemical process wherein the yeast converts sugars to ethyl, alcohol, and carbon dioxide [6]. This process begins with glycolysis wherein the sugars are broken down by yeasts to form pyruvate molecules (as seen in Figure 1). Under anaerobic conditions, these pyruvate molecules are then transformed into a midway molecule called acetaldehyde, releasing carbon dioxide in the process before being converted into ethanol [7]. Due to the electrons being exchanged in the process, the electron acceptor NAD+ is then reduced to form NADH. The chemical reaction of alcoholic fermentation using sucrose is represented as 
								

								
								C12H22O11(aq)+H2O 	Yeast enzyme 		4C2H5OH(aq)+4CO2(g) 	[8].
								

								
								Flour is one of the foundational ingredients in bread production due to forming the structure of bread. Its major components are protein (approximately 10%-12%) and starch (approximately 70-75%), and the minor components are polysaccharides (approximately 2-3%) and lipids (approximately 2%) [9]. To this date, there are several types of flour used in baking such as all-purpose flour, whole wheat flour, pastry flour, bread flour, and many more. However, this paper only investigated the more commonly used all-purpose flour and bread flour. The main difference between them is that bread flour has a higher amount of protein content to produce more gluten. Gluten is especially important in bread making as it contributes to the bread's overall appearance and crumb structure [10].
								

								
								Sugar is also an essential ingredient in baking bread as it provides food for the yeast. While the yeast may still convert the starch in the flour into sugar, adding sugar gives the yeast a boost as it grows and multiplies, increasing the rate of fermentation. Also known as Sucrose, sugar is composed of one molecule of glucose and one molecule of fructose, α-d-glucopyranosyl-d-fructofuranoside [11]. Just like flour, sugar also comes in varieties such as white granulated sugar, confectioner's sugar, fruit sugar, and many more. However, the sugars used in this investigation are white, brown, and muscovado sugar. The main difference between these sugars lies in the presence of molasses as well as how refined the sugar is. Brown sugar is simply white sugar with molasses added back into it [12]. Meanwhile, muscovado sugar is less refined sugar, so the molasses has not been removed [13].
								

								
								In this investigation, the lateral and longitudinal expansions of the dough were measured in determining the efficiency of fermentation. This is because the process of alcoholic fermentation produces bubbles within the dough, making the dough expand as time goes on. A study conducted by Chevallier, et al. [14] had also investigated measuring the lateral and longitudinal expansion of the dough in determining the overall expansion of dough during fermentation, albeit using a different method than the one used in this investigation.
								

								
								Another way of measuring the fermentation rate of the dough is by recording the change in mass and pH of the dough. This is due to ethanol and carbon dioxide being produced during alcoholic fermentation. Ethanol increases the pH level of the dough, while carbon dioxide is released from the dough, decreasing its mass. A study conducted by Pepin & Marzzacco [8] had conducted a similar investigation and also measured the mass of CO2 given off by the dough as time passed. Thus, the research question formulated being, "To what extent can different types of sugars (brown sugar, white sugar, and muscovado sugar) affect the mass (± 0.05g), longitudinal and lateral expansion (± 0.5 mm), and pH (± 0.05 g) of dough during fermentation?"
								

								Hypotheses

								
								Null hypothesis: There is no significant difference in the mass, lateral and longitudinal expansion, and pH of the bread using different types of sugars during fermentation.
								

								
								Alternative hypothesis: There is a significant difference in the mass, lateral and longitudinal expansion, and pH of the bread using different types of sugars during fermentation.
								

								Variables

								
								


								
									
											
											Independent variables:

										
											
											Type of sugar:

											·         White (Equal)

											·         Brown

											·         Muscovado (Nature's)

										
									

									
											
											Dependent variables:

										
											
											·         Longitudinal expansion (± 0.5 mm) (see Figure 2)

											·         Lateral expansion (± 0.5 mm) (see Figure 2)

											·         pH (± 0.05)

											·         Mass (± 0.05g)

										
									

								
							

								

								
								Description of variables: All ingredients were commercially available in the supermarket.
								

								Controlled variables

								
								Table 1.
								

								Methodology

								Materials & Apparatus

								
								1.	800g Bread flour      13. Ruler (± 0.5 mm) 	
								

								
								2.	30g Instant dry yeast (Red Star®)      14. Scissors
								

								
								3.	20g Brown sugar	      15. Knife
								

								
								4.	20g White granulated sugar      16. 40 × 5 × 5 Baking sheet
								

								
								5.	20g Muscovado sugar	      17. Oven (Xiaobawang)
								

								
								6.	1200 ml Distilled water	      18. Medium mixing bowl
								

								
								7.	Digital weighing scale (± 0.05g)      19. Spatula
								

								
								8.	pH meter (± 0.05)      	20. 5x Large bowls
								

								
								9.	Digital thermometer (± 0.05 ℃)      21. Phone stopwatch
								

								
								10.	Measuring beaker (500 ml) (± 12.5 ml)      22. Microwave (National)
								

								Experiment design and procedure

								
								The researcher had finely crafted the protocols after receiving inspiration from the recipe of Taste of Home's "Basic Homemade Bread" [15]
								

								
								1.	Choose a clean table and wear the appropriate attire.
								

								
								2.	Prepare 150g of distilled water in a medium mixing bowl.
								

								
								3.	Heat water to 35 ℃ in the microwave, checking the temperature with a digital thermometer (± 0.05 ℃).
								

								
								4.	Dissolve 1.5g yeast with 2g sugar in the distilled water while mixing with a spatula for 30 seconds.
								

								
								5.	Dissolve 200g flour into the mixture and stir for 2 minutes.
								

								
								6.	Divide dough into five portions (replicates).
								

								
								7.	Shape five portions of dough and place each portion on a labeled piece of the baking sheet.
								

								
								8.	Weigh each portion of dough using a digital weighing scale (± 0.05 g).
								

								
								9.	Measure lateral and longitudinal dimensions of each portion of dough using a ruler (± 0.5 mm). (see Figure 3 and Figure 4).
								

								
								10.	Measure the pH level of each portion of dough (see Figure 5).
								

								
								11.	Repeat steps 7-9 in 15-minute intervals until 45 minutes have passed.
								

								
								12.	Pre-heat oven to 185 ℃.
								

								
								13.	Repeat steps 7-9.
								

								
								14.	Bake each portion of dough for 20 minutes.
								

								
								15.	Remove bread from the oven.
								

								
								16.	Weigh dough on the digital weighing scale (± 0.05g).
								

								
								17.	Measure lateral and longitudinal dimensions of bread using a ruler (± 0.5 mm).
								

								
								18.	Cut a cross-section of each bread and take a picture.
								

								
								19.	Repeat all steps with each condition (3x).
								

								Ethical considerations, Risk Assessment & Environmental Concerns (Table 2)

								
								Ethical concerns: There are no ethical concerns in this experiment.
								

								
								Environmental concerns: All bread produced in the experiment was eaten after the experiment. All disposable waste such as parchment papers were disposed of in the trash bin after the experiment.
								

								Data and Calculations

								Raw data

								
								In this experiment, five trials were conducted for each condition, with the data being recorded in 15-minute intervals over the course of one hour. This was done to all the dependent variables, namely: mass, pH, longitudinal and lateral expansion (Table 3, Table 4, Table 5 and Table 6).
								

								Processed data

								
								To ensure the appropriateness of statistical treatments to be used, the Shapiro Wilk test was conducted on all independent variables using IBM SPSS Statistics Software with the results shown below. After that, the Kruskal Wallis test was performed to determine whether or not the data obtained were statistically significant or not. In the end, Dunn's test was run to determine the extent of the data's significance.
								

								Qualitative data

								
								By obtaining an image of the cross-sections of the bread, the "crumb" or texture of the bread was determined based on the air pockets found inside them. These air pockets are also known as pores and they come from the evaporated carbon dioxide produced in the fermentation process. As seen in the table above, bread D has visibly larger pores than other pieces of bread, especially B and C. In the study of He & Hoseney [16], it was found that a poor gluten network may result in an uneven distribution of gas bubble sizes. This may be the reason why breads A, B, and C have a coarser crumb structure than bread D.
								

								Analysis and discussion

								
								In order to determine the normality of the data, a Shapiro-Wilk test was conducted, and based on the figures, it was found that the data in all variables were not normally distributed as all p-values were above 0.05 (see Table 7 in Processed Data). This could be because the initial sizes of the bread were unequal, making the values unevenly distributed from the mean.
								

								
								The Kruskal-Wallis test was then used to determine whether the differences were statistically significant or not. And as seen in Table 8, the change in mass is significant due to the p-value being less than 0.05. This is evident in the slow decrease in the weight of dough seen in Figure 6 and may be because bread loses 10-25% of its original weight during the proofing process [17]. This amount of weight loss may be impacted by the dough's form, the amount of water in the dough, the length of fermentation, and the type of flour used.
								

								
								The change in pH was also found to be significant with the p < 0.05. This may be because the ethanol and the carbon dioxide were constantly being produced during the fermentation process. As both ethanol and carbon dioxide are acidic, this slowly decreased the pH of the dough as more of these products were produced as seen in Figure 7.
								

								
								Lastly, the changes in the longitudinal and lateral expansions were also significant, with p-values even going below 0.01. This is evident in the upward trend in the graphs of Figure 8 and Figure 9. This may be due to the carbon dioxide produced in the bread fermentation process causing the bread to expand. However, it isn't only gas production that affects the expansion of the bread as the dough's gas retention also affects the final shape of the dough [18]. 
								

								
								To examine which sugar affected each variable the most, a Dunn's test was run and it was found that brown sugar had created the most significant changes in mass, lateral and longitudinal expansion, and pH (see Table 9). This may be due to the presence of molasses as both brown and muscovado sugar had the same significance level in the lateral expansion. While both brown and muscovado sugar have molasses in their composition, the molasses content of brown sugar is lower as compared to muscovado sugar due to being processed more.
								

								
								Molasses is a by-product of sugar refinement and is recognized widely as a brown viscous syrup. While its composition may vary depending on the source and type of refining, according to Paturau [19], molasses is typically composed of about 50% sugar content (predominantly sucrose with fewer amounts of glucose and fructose), 20% water, 4.5% protein, 4% other carbohydrates, 5% non-nitrogenous acids, 12% ash, and 5% other compounds. This could mean that the additional sugar content from the molasses may have become an extra source of nourishment for the Saccharomyces cerevisiae, making the bread lose more mass, expand more laterally and longitudinally, and become more acidic. Along with that, this also explains why the cross-section of the bread made with muscovado sugar has visibly larger pores than other pieces of bread, as the extra protein content coming from the molasses may strengthen the gluten structure of the bread, enabling it to retain more carbon dioxide (see Figure 5 in qualitative data).
								

								
								But this does not explain why the muscovado sugar condition did not receive the most significant results (see Table 9). As mentioned by Paturau [19], the sugar content of molasses is mostly sucrose and sucrose is a disaccharide made of both glucose and fructose. In a similar study conducted by Hopkins [20] when comparing rates of fermentation of both glucose and fructose, he had found that the fermentation of glucose had been faster than the fermentation of fructose. This could mean that the increased amount of molasses in the muscovado sugar could have slowed down the process of fermentation of yeast. Meanwhile, brown sugar had the optimum amount of molasses to increase the fermentation rate of Saccharomyces cerevisiae faster than white and muscovado sugar.
								

								Conclusion

								
								The findings show that brown sugar had the most significant effect on the fermentation process of the bread dough when compared to the other sugars. This is because it decreased the mass and pH level, as well as increased the lateral and longitudinal expansions of the bread dough the most in comparison to the other sugars. While there are several factors affecting the fermentation rate of bread, this difference may be explained by the presence of molasses, as it is made of 50% sugar. In future experiments, perhaps researchers could also explore individually the role of molasses in fermentation in relation to the other sugars.
								

								Evaluation

								
								Table 10.
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