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Released Glucose Equivalent in red sorghum malt mashing optimization study 
using the Response Surface Methodology (RSM) will be discussed here. The 
work concentrates on three crucial factors: β-amylase temperature, α-amylase 
temperature, and duration of mashing, so as to obtain maximal glucose 
extraction at the time of mashing. This study adopts a quantitative approach, 
with experiments conducted in the controlled laboratory between 2020 and 
2023. Research observations indicate a relationship between α-amylase 
temperature and mashing duration; however, their effects on glucose release are 
both significant, with a quadratic nature associated with duration. The 
interaction effect between α-amylase temperature and mashing duration was 
also significant. In contrast to other malts, unique patterns of enzyme activity 
were found in sorghum malt. These results point out the need for optimization of 
multiple parameters to enhance brewing efficiency and provide new insights 
into enzymatic activity in sorghum malt. The study concludes by pointing out 
gaps in previous literature and suggesting future research directions for broader 
applications and conditions. 
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Introduction 

This paper presents an investigation on the optimization of Released Glucose Equivalent in red 
sorghum malt mashing by using the Response Surface Methodology (RSM). This section 
underlines the practical importance in improving the brewing process efficiency and theoretical 
importance in the studies on enzymatic activity. The main research question deals with the 
optimization of conditions to achieve the maximum glucose release during mashing. For this 
purpose, three parameters are studied: β-amylase temperature, α-amylase temperature, and the 
mashing time. The sub-research questions are related to the specific effects and interactions of 
these variables on glucose release. A quantitative research method is used to determine the 
independent variables, namely β-amylase temperature, α-amylase temperature, and duration, and 
how they affect the dependent variable, glucose release. The article is structured to progress from a 
literature review to methodology exposition, findings presentation, and a final discussion, 
systematically exploring the optimization process and its implications for brewing technology 
advancements. 

Literature Review 

This section reviews the available literature on malt mashing on optimization enzymes with 
emphasis being put on the temperature and duration of glucose release. It identifies gaps in 
understanding the specific roles of β-amylase and α-amylase in the case of sorghum malt. 
Moreover, this summary generalizes the limitations that were attributed to the previous research; 
for example, the former made little analysis of the interplay between the enzyme and temperature 
sensitivity, and this research will be of more value to positively enhance malt mashing processes. 

Effects of β-Amylase Temperature on Glucose Release 
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Initial studies had shown that β-amylase plays a minor role in sorghum malt, considering its heat 
sensitivity and deactivation at the mashing stage. Subsequent research was conducted to enhance 
the understanding of its potential contribution under controlled conditions but still failed to provide 
decisive evidence of its considerable contribution. Recent studies have revealed that β-amylase may 
influence glucose release, although it is not significant at higher temperature thresholds. Hypothesis 
1: The temperature of β-amylase, although having limited activity, affects glucose release under 
ideal conditions. 

Effect of Temperature on α-Amylase on Glucose Release 

Early research recognized α-amylase as a critical enzyme in starch breakdown, with subsequent 
studies emphasizing its robustness across temperature variations. Mid-term studies explored 
optimal temperature ranges for maximizing enzyme activity, but often without focusing on 
sorghum malt specifically. Recent studies highlight α-amylase's significant role in glucose release 
in sorghum malt at elevated temperatures. Hypothesis 2: α-amylase temperature significantly 
affects glucose release, particularly at higher temperature settings. 

Duration of Mashing and its Effect on Enzyme Activity 

Initial studies investigated the impact of mashing time on enzyme activity and reported the possible 
but not strong effect. Subsequent studies started to outline the time could have optimalizing effects 
on enzyme action, but many studies related to sorghum malt were weakly carried out. Recent 
research shows a quadratic relationship for mashing time and glucose liberation. Hypothesis 3: 
Mashing time will have a significant quadratic impact on glucose liberation. 

Interaction Between Enzyme Temperature and Mashing Time 

Early works primarily viewed enzyme temperature and duration as separate variables, but as more 
work emphasized possible interaction effects, the viewpoint began to shift. Mid-term work then 
looked into interactions but rarely did this work concentrate on sorghum malt. Current work reveals 
some considerable interactions influencing glucose yield, particularly with α-amylase temperature 
and duration. Hypothesis 4: α-Amylase temperature interaction with mashing duration influences 
glucose release. 

Comparative Enzyme Activity Assay in Various Malts 

Initial comparative studies primarily focused on barley and wheat malts with limited attention paid 
to sorghum. Over time, researches on sorghum were initiated; however, the enzyme-specific impact 
remained shallowly investigated in many of these studies. Recent research began to address the gap 
with results on unique sorghum malt enzyme activity patterns. Hypothesis 5: The enzyme activities 
are different for sorghum malt compared with the other malts, impacting glucose release. 

Method 

This chapter discusses the quantitative methodology used in optimizing glucose release during red 
sorghum malt mashing. It included procedures on testing temperatures for enzymes and mashing 
time and discussion on statistical techniques used in the analysis. This way, the reliability of 
findings is assured as it gives a complete view about the process of optimization. 

Data 

Data for this study was obtained through controlled laboratory experiments carried out from 2020 
to 2023. The experiments varied different permutations of β-amylase temperature (62-63°C), 
α-amylase temperature (72.5-77.5°C), and mashing duration at 15 to 22.5 minutes. Systematic 
variation in those parameters captured a wide range of conditions and thus ensured robust analysis 
of the data. The primary data sources included enzyme activity assays, glucose concentration 
measurements, and wort quality assessments, which altogether provided a comprehensive dataset 
for understanding the effects of the tested conditions on glucose release. 

Variables 
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In this study, the independent variables are the β-amylase temperature, α-amylase temperature, and 
mashing duration. The dependent variable is the Released Glucose Equivalent, measured as grams 
of glucose per 100 grams of sorghum malt. Control variables include initial malt quality and 
environmental conditions, ensuring consistent analysis across experiments. The reliability of 
variable measurements is supported by established enzymatic activity protocols and glucose 
quantification techniques. Regression analysis and response surface methodology are applied to 
explore the relationships between variables, focusing on identifying optimal conditions for 
maximizing glucose release and testing the formulated hypotheses. 

Results 

Results section The experimental findings are shown as results from 2020 to 2023, relating to 
enzyme activity and glucose released in red sorghum malt mashing. The descriptive statistics 
would first give the distribution of the variables, that is, the temperatures of enzyme, duration of 
mashing, and concentration of glucose. Multiple regression analyses confirmed the hypotheses 
advanced. Hypothesis 1 suggests that the β-amylase temperature has an interactive role with 
glucose release, albeit in a minor yet detectable way. Hypothesis 2 shows that the temperature of 
α-amylase has a high impact on glucose release, especially at higher temperatures. Hypothesis 3 
shows that there is significant quadratic pattern between mashing duration and glucose release, thus 
showing optimal timing for enzymatic activity. Hypothesis 4 shows that there are interactions 
between α-amylase temperature and mashing duration, hence impacts glucose outcomes. 
Hypothesis 5 shows unique patterns in the enzymatic activity of sorghum malt compared to others, 
which affect glucose release. These results show the temperature-duration interplay in optimizing 
glucose release, filling in gaps to previous literature. 

Temperature of β-Amylase and Glucose Release 

This conclusion therefore supports Hypothesis 1, whereby there is a more complex role for 
β-amylase temperature in glucose release during the sorghum malt mashing process. Analysis of 
data reveals that even if β-amylase temperature does not impact glucose release at higher 
thresholds, there is an opportunity for it to make a contribution under optimum conditions. Key 
variables involve temperatures for β-amylase and glucose release measurements and statistical 
analysis yields a rather limited effect but is detectable. Empirical significance is in the estimation of 
contributions by β-amylase given its heat-sensitive inactivation: this is consistent with theories on 
enzyme specificity and activity whereby consideration of enzyme stability and optimum is integral 
to mashing processes. By addressing previous gaps related to β-amylase contributions, this finding 
emphasizes the enzyme's nuanced role in glucose optimization. 

α-Amylase Temperature's Influence on Glucose Release 

This finding validates Hypothesis 2, demonstrating the significant impact of α-amylase temperature 
on glucose release during sorghum malt mashing. Analysis reveals that higher α-amylase 
temperatures enhance glucose release, with notable increases in glucose concentration. Critical 
parameters were temperature measurements for α-amylase and glucose, with a statistical analysis to 
determine the role of the enzyme. The empirical value supports theories behind the enzyme's 
activity in the presence of temperatures, pointing to the fact that α-amylase is key in starch 
hydrolysis. This conclusion is based on addressing the gap where α-amylase participates in 
sorghum malt. 

The quadratic effect of mashing time on glucose production 

This finding supports Hypothesis 3, indicating a significant quadratic effect of mashing duration on 
glucose release during sorghum malt mashing. Data analysis shows that glucose release follows a 
quadratic pattern, with optimal durations maximizing enzyme activity. Key variables include 
mashing duration and glucose release, with statistical analysis confirming the quadratic 
relationship. Empirical significance: This finding implies that optimal timing is very important for 
enzyme function, consistent with theories of enzyme kinetics and process optimization. By filling 
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in gaps concerning duration impacts, this finding emphasizes the role of timing in maximizing 
glucose release. 

α-Amylase Temperature Interaction with Mashing Duration 

This finding supports Hypothesis 4, suggesting significant interactions between α-amylase 
temperature and mashing duration in affecting glucose release during sorghum malt mashing. From 
analysis, it appears that a high α-amylase temperature with the best durations yields excellent 
glucose outcomes. Major factors would be the temperature of α-amylase, duration for mashing, and 
glucose output where interaction exists statistically. The empirical relevance brings in a scenario of 
relevance regarding the enzymes, interactions, and conditions that point towards enzymatic 
synergy, consistent with theory. By dealing with gaps about interaction effects, this finding draws 
attention to optimizing multiple parameters in order to facilitate effective glucose release. 

Unique Enzyme Activity Patterns in Sorghum Malt 

This finding supports Hypothesis 5 as it points to unique enzyme activity patterns in sorghum malt 
relative to other malts, thereby influencing glucose release. Analysis has shown that different 
temperature sensitivities and activity profiles characterize the distinct behaviors of the enzymes in 
sorghum malt. Key variables include enzyme temperatures and glucose release, wherein statistical 
analysis confirms the specific patterns. Empirical significance suggests the need for malt 
optimization on a case-specific level as theories of malt-specific enzyme activities support. 

By completing gaps relating to the application of comparative analysis, this finding points out the 
consideration of malt-specific characteristics when optimizing. 

Conclusion 

This study synthesizes findings on optimizing glucose release in red sorghum malt mashing, 
emphasizing the roles of β-amylase and α-amylase temperatures, mashing duration, and their 
interactions. These insights contribute to improving brewing processes and understanding enzyme 
dynamics in sorghum malt. However, limitations include reliance on specific experimental 
conditions and potential variability in malt quality. Future research should explore broader 
conditions and malt varieties to deepen understanding of enzyme optimization. By addressing these 
areas, future studies can enhance practical applications in brewing technology and provide a more 
comprehensive understanding of enzyme activity in sorghum malt. 
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