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 Cassava is one of Indonesia's largest agricultural commodities. Cur-
rently, its use is primarily confined to tubers, resulting in the production 
of solid cassava peel waste. Notably, cassava peel contains a high car-
bohydrate content, comprising up to 50% of the carbohydrates found in 
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 the tubers. Additionally, the high cost of granulated sugar and the ina-
bility of the national sugar industry to meet Indonesia's sugar demand 
have become significant concerns. Consequently, this study aimed to 
explore the use of cassava peel waste as an alternative raw material for 
glucose syrup, which can potentially serve as a sugar substitute. Nine 
experimental treatments were tested to determine the optimal glucose 
syrup. The best glucose syrup was identified using an integration of the 
analytical hierarchy process (AHP) and weighted product method 
(WPM). AHP was employed to establish the weighted priorities of the 
criteria and sub-criteria, followed by WPM to determine the alternative 
weights and rank the options. The third treatment emerged as the best 
alternative, with a weight of 0.124, comprising 60 g cassava peel starch, 
0.06 mL glucoamylase, and 2 mL α-amylase. The test results for the 
glucose syrup from this treatment included a reducing sugar content of 
33.51%, moisture content of 64.419%, ash content of 0.137%, an or-
ganoleptic colour value of 3 (slightly cloudy), a taste rating of 3.93 
(sweet), and an aroma rating of 2.93 (slightly odorous). The utilization 
of this waste is anticipated to enhance its economic value while miti-
gating its environmental impact. 

Introduction 
Food production and consumption are among the main causes of global environmental 

degradation (Cucurachi et al., 2019). Food systems are estimated to contribute between 19% 
and 37% of anthropogenic greenhouse gas emissions (Coelho et al., 2022). Agriculture is the 
most promising food sector in the country. Agriculture remains the dominant sector for eco-
nomic resilience in Indonesia (Tambunan, 2013). According to the data from the Ministry of 
Agriculture of the Republic of Indonesia, the agricultural sector is expected to grow by 1.12% 
in 2023 and contribute 11.39% to the national economy. Cassava is one of the largest agri-
cultural commodities, with a harvest of 15,730,971 metric tons in 2021. However, despite 
large cassava harvests, only the flesh or tuber is commonly used as a raw material for making 
tapioca flour, cassava chips, getuk, tape, and mocaf (modified cassava flour). Cassava peel 
contains approximately 50% of the carbohydrates found in tubers, and cassava peels account 
for approximately 8–25% of the total weight of peeled cassava (Akhadiarto, 2010). Other 
sources have also mentioned that the percentage of cassava peel from tubers reaches approx-
imately 20% (Ntelok, 2017). These figures illustrate the large amount of cassava peel waste 
produced, yet it has not been optimally utilized (Widyastuti, 2019). Therefore, efforts are 
needed to harness the potential of cassava peel waste to reduce the amount of waste produced 
and increase its economic value. Cassava peel waste has high potential to become a breeding 
ground for mosquitoes and flies if not managed properly, which can certainly be harmful to 
health and cause pollution (Kholis et al., 2023). The use of cassava peel waste as a raw ma-
terial in the food-processing industry represents a new form of innovation that offers a range 
of benefits and advantages, with the public displaying a positive attitude toward its utilization 
(Chete, 2022). 

Previously, this waste was generally discarded without utilization, although cassava peel 
has the potential to be processed into valuable products. Several studies have used cassava 
peel waste as a liquid organic fertilizer (Nahrisah et al., 2020) (Sulistyowati et al., 2023) to 
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established sustainable cassava production centres, biofuel production (Ogundahunsi et al., 
2024), bioethanol production (Permanasari & Yulistiani, 2017) (Mardina et al., 2021); 
(Syadiah et al., 2022), renewable electricity (Situmorang et al., 2024), adhesives for the man-
ufacture of coconut-shell charcoal briquettes (Rudiyanto et al., 2023), raw materials for bio-
briquette production in Indonesia (Fitriyano et al., 2023), bioplastic development (Fadhallah 
et al., 2022), and bioplastic food packaging from cassava peel and shrimp shells (Dasumiati 
et al., 2019). (Amadi et al., 2024) used cassava peel waste to increase microbial populations, 
aid hydrocarbon biodegradation, and promote the restoration of soil health. (Artati et al., 
2023) used it as an alternative growth medium for A. niger and Rhizopus oryzae, with con-
centration modifications. (Ben, 2024) repurposed it into sustainable engineering materials 
such as biofuels, bioethanol, and biocomposites. (Okike et al., 2022) utilized it for nutritious 
animal feed, and (Osorio & Grande-Tovar, 2021) used cassava peel waste as a sorbent to 
remove metals from wastewater, thereby reducing environmental pollution (Ogbonna et al., 
2020) utilized cassava peel waste, specifically cassava peel ash, as an additive in cement for 
concrete production. This approach encourages the recycling of agricultural solid waste and 
contributes to environmentally friendly and sustainable infrastructure. (Oghenejoboh et al., 
2016) analysed the comparative efficiency of activated carbon produced from fermented cas-
sava peels, unfermented cassava peels, and commercial grade activated carbon in wastewater 
treatment from refineries. 

Cassava peel, with its low glycemic index, can be used as a glucose syrup. Glucose syrup 
is a clear, viscous liquid containing various types of saccharides and is obtained from the 
hydrolysis of starch using acids or enzymes, with the addition of food ingredients in accord-
ance with the provisions of the Indonesian National Standard (SNI) 2978:2021. 

Given the low glycemic index of cassava peel, it can be used to prepare glucose syrup. 
Glucose syrup is a clear, viscous liquid containing various types of saccharides and is  
obtained from the hydrolysis of starch using acids or enzymes, with the addition of food 
ingredients in accordance with the provisions of the Indonesian National Standard (SNI) 
2978:2021. Another issue currently faced by the government, according to the data from the 
Directorate of Distribution Statistics, is the inability of national sugar producers to meet In-
donesia's sugar demands. In 2019, Indonesia's sugar production reached 2.33 million metric 
tons, but declined in 2020 to 2.13 million metric tons, while the per capita sugar demand in 
Indonesia reached 2.66 million metric tons. 

Consequently, the prices of granulated sugar have significantly increased. However,  
cassava peel waste has considerable potential because of its high starch content, making it  
a potential raw material for glucose syrup production, which is expected to serve as an alter-
native to sugar. Glucose syrup is a thick, clear liquid that contains various types of saccha-
rides and is obtained from the hydrolysis of starch using acids or enzymes with the addition 
of food ingredients, according to the provisions in SNI 2978:2021. One patent for glucose 
syrup derived from kimpul starch showed results indicating that the glycemic index of glu-
cose syrup was lower than that of granulated sugar (Rejeki, F. S., Puspitasari, D., & Wedo-
wati, 2021). The glycemic index is an important factor that must be considered in individuals 
with type 2 diabetes mellitus to control blood glucose levels (Kisnawaty et al., 2023). There-
fore, the development of glucose syrup from cassava peel waste with a low glycemic index 
is expected to result in a product that can be used as a healthier and more community-friendly 
substitute for granulated sugar, particularly for people with diabetes. In addition to its benefits 
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for the community, especially for those with diabetes, glucose syrup also has potential appli-
cations in the industrial sector. Glucose syrup has several advantages over sucrose, including 
its liquid form, which makes it more practical. This facilitates the use of glucose syrup in 
various industrial applications (Harni et al., 2021). The food industry also prefers glucose 
syrup because of its nutritional value and functional properties, including moisture stabiliza-
tion, softening ability, texture formation, prevention of sucrose crystallization, and crust for-
mation in baked goods (Zargaraan et al., 2016). 

Product development that considers environmental, economic, and social impacts is the 
realization of a sustainable supply chain. From an environmental perspective, a sustainable 
supply chain seeks to minimize the environmental damage caused by a product. From an 
economic perspective, the implementation of a sustainable supply chain is expected to create 
new job opportunities. From a social perspective, implementing a sustainable supply chain 
empowers local communities by collaborating with suppliers that support community devel-
opment (Lee & Vachon, 2016). 

Glucose syrup is a purified and concentrated saccharide solution derived from starch 
(Hull, 2010). Therefore, glucose syrup is a clear and viscous liquid with glucose as its main 
component, resulting from starch hydrolysis. Various carbohydrate sources, such as cassava, 
sago, sweet potatoes, and corncobs, are the primary raw materials for producing glucose 
syrup (Harni, Putri, Gusmalini, et al., 2021). In addition to these carbohydrate sources, cas-
sava peels yield a large amount of glucose when sufficient enzymes are used, although this 
amount is slightly lower than that obtained from the tubers. However, cassava peels can still 
be utilized to produce glucose syrup, which can serve as an alternative substitute in the man-
ufacture of food additives, such as thickeners, sweeteners, and humectants, as well as in the 
production of carbonated beverages and bread (Nwalo & Cynthia, 2014). Moreover, using 
cassava peel waste as a raw material in glucose syrup production has positive environmental 
impacts, such as reducing waste accumulation, which causes foul odours and attracts insects 
and diseases, while adding value to waste that has not yet been commercialized. 

In this study, the materials used to produce glucose syrup from cassava peel waste in-
cluded cassava peel waste, α-amylase, and glucoamylase enzymes. Latifah & Martiyana 
(2023) utilized cassava peel waste for liquid sugar production through an enzymatic method 
by adding α-amylase and glucoamylase enzymes and reported that cassava peel waste can be 
effectively converted into liquid sugar, with optimal results achieved using 0.2 mL enzyme. 
α-Amylase is only capable of hydrolysing 1-4 bonds, whereas in glucose syrup production, 
two crucial bonds must be hydrolysed: 1-4 and 1-6. Therefore, glucoamylase was used be-
cause it can break both bonds to produce dextrose (Hull, 2010). 

To obtain the optimal combination for glucose syrup production, various proportions of 
α-amylase and glucoamylase were tested in several experiments. After the experiments, or-
ganoleptic, reducing-sugar, moisture, and ash content tests were conducted. The organoleptic 
test utilizes human senses, and the aspects tested included colour, taste, smell, and texture 
(Ray, 2021). Dextrose and other sugars in glucose syrup are reducing sugars, also known as 
dextrose equivalents (Hull, 2010). Moisture content analysis is the difference between the 
weight of the fresh material and its weight when dried, and ash content is a mixture of mineral 
or inorganic content in food (Pojić et al., 2015). 

Subsequently, the best composition combination for producing glucose syrup was deter-
mined using multi-criteria decision-making (MCDM) tools, specifically by combining the 
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analytical hierarchy process (AHP) and weighted product method (WPM). (Hasibuan et al., 
2025), using the Analytical Hierarchy Process (AHP) to produce bio-briquettes from coconut 
shell biochar. AHP was also used by (Mohammed & Suliman, 2023) to analyse the suitability 
of agricultural land for crop growth, (Sharififar et al., 2013) to evaluate land in an effort to 
achieve sustainable agricultural production, (Annas et al., 2020) to simulate reverse and green 
logistics costs and (Benezzine et al., 2022) to determine the most suitable location from an 
environmental and economic standpoint to ensure effective regional management. 
(Dinulescu & Dobrin, 2022) used fuzzy AHP to classify and prioritize healthcare service 
quality attributes. (Utomo et al., 2019) developed a decision support system that can assist 
coaches in selecting talented archery athletes using the weighted product model (WPM). (Yi 
& Jang, 2022) used WPM to select the best mobile phone. Chinnasami et al. (2023) used the 
WPM to evaluate drinking water quality. Goswami et al. (2020) used the analytical hierarchy 
process (AHP) and weighted product model (WPM) to select the best laptop model. 

MCDM has not yet been applied in previous studies on the utilization of cassava peel 
waste in glucose syrup. The analytical hierarchy process (AHP) is a multi-criteria decision-
making (MCDM) method or decision-making with multiple criteria and hierarchical compo-
nents that facilitates the selection of the best (alternative) decision (Kamble, 2024). WPM is 
a method capable of evaluating many alternatives based on criteria, in which each attribute 
is independent of others (Aminudin et al., 2018). This method has the advantage of not being 
highly complex; therefore, its calculation process does not require significant time (Hardiani 
et al., 2022). These two methods were combined to produce more stable ranking results and 
reduce subjectivity (Harjanto et al., 2021a). The AHP method was used to determine the 
priority weights of each criterion and sub-criterion. After obtaining the weights for each cri-
terion and sub-criterion, the best alternative for cassava peel glucose syrup was selected using 
the WPM. Thus, a conclusion can be drawn regarding the recommended composition com-
bination for utilizing cassava peel waste as an alternative raw material for glucose syrup pro-
duction. 

In this study, MCDM tools were used to determine the best cassava peel glucose syrup 
recommendations. It is necessary to simultaneously consider multiple criteria and sub-crite-
ria. The use of MCDM tools makes it possible to consider many criteria when making deci-
sions among numerous alternatives (Sahoo and Goswami, 2023). In the product development 
process of cassava peel glucose syrup, each criterion and sub-criterion have its own conse-
quences if not met according to SNI 01-2978-1992. Therefore, using the AHP method, it was 
clear which criteria, and sub-criteria should be prioritized for fulfilment, based on pairwise 
comparisons conducted by experts. The comparisons used can come from actual measure-
ments or fundamental scales that represent the relative strength, preference, or tendency of  
a relationship (Saaty, 1990). After obtaining the respective weights for each criterion and 
sub-criterion, the determination of the best combination recommendation for glucose syrup 
composition continued with the WPM method because AHP has a high degree of subjectiv-
ity, whereas alternative ranking requires a method with objective results. Therefore, the 
WPM method was selected to overcome the limitations of the AHP method (Harjanto et al., 
2021). This is the background for the selection of a combination of AHP and WPM methods 
for data processing rather than using commonly employed methods, such as experimental 
design methods. 



Diana Puspita Sari et al.  
 

 
 

 

116 

Despite the high volume of cassava processing waste generated annually, limited studies 
have systematically optimized its conversion into value-added products using an integrated 
decision-making framework. Most existing research focuses primarily on technical yield im-
provement without simultaneously considering sensory quality and multi-criteria evaluation. 
Therefore, this study addresses this gap by combining enzymatic process optimization with 
a structured multi-criteria decision-making approach (AHP–WPM) to identify the most pref-
erable glucose syrup formulation derived from cassava peel starch. By bridging experimental 
processing techniques with quantitative decision analysis, this research contributes not only 
to waste valorisation and sustainable agro-industrial development but also to methodological 
advancements in selecting optimal formulations based on comprehensive performance crite-
ria. 

Experimental design methods are generally conducted with the aim of explaining the 
causes of response variation in each observed unit by determining influential factors, obtain-
ing recommendations or optimal conditions for the observed response, comparing responses 
from various combinations of different levels, creating response models, and minimizing the 
impact of uncontrolled factors to produce robust products or processes (Dwitama, 2019). The 
main objective of this study was to obtain the best cassava peel glucose syrup recommenda-
tion by simultaneously considering four criteria in the decision-making process: reducing 
sugar content, moisture content, ash content, and organoleptic properties, including the sub-
criteria of colour, taste, and aroma. Because numerous criteria and sub-criteria must be con-
sidered simultaneously in the decision-making process with many alternatives, MCDM tools 
have been used in data processing to achieve this goal. 

Materials and Methods 

The Experimental Design 

The research began with the production of glucose syrup derived from cassava peel waste 
using a controlled laboratory procedure. This approach follows an experimental research de-
sign in which specific variables are deliberately manipulated to observe their effects on the 
outcome (Cooper & Schindler, 2014). The selection of enzyme levels was informed by sev-
eral previous studies to ensure methodological relevance and comparability. Pontoh & Low 
(1995a) applied 35 units of α-amylase and 60 units of glucoamylase per 60 g of starch. Ardi-
ansyah et al., (2018) used 0.15 mL of α-amylase and 0.9 mL of glucoamylase for 300 g of 
starch, whereas (Latifah & Martiyana, 2023) employed 1 mL of α-amylase and 1 mL of glu-
coamylase for 30 g of starch. These references provided a scientific basis for determining the 
treatment ranges and proportional adjustments of enzyme concentrations in the present work. 
Based on this foundation, two factors were varied at three levels: the amount of α-amylase 
and the amount of glucoamylase. With the starch quantity fixed at 60 g, different combina-
tions of both enzymes were applied to establish the treatment structure, as presented in Table 1. 
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Table 1.  
Treatment design 

Enzymes 
α-amylase 

0.035 mL 0.03 mL 2 mL 

Glucoamylase 

0.06 mL Treatment 1 (T1) Treatment 2 (T2) Treatment 3 (T3) 

0.12 mL Treatment 4 (T4) Treatment 5 (T5) Treatment 6 (T6) 

2 mL Treatment 7 (T7) Treatment 8 (T8) Treatment 9 (T9) 

Starch Extraction 

Several basic tools and materials are required to extract starch from cassava skin. These 
include a blender or grinding machine for size reduction, a filter cloth for separating solid 
residues, an 80-mesh sieve to ensure particle uniformity, and containers for holding and set-
tling the starch slurry. The primary raw material was fresh and clean peel material, and water 
served as the extraction medium. 

Starch was extracted from the outer layer of cassava using a procedure similar to the one 
used for cassava tubers. The peel material was first washed thoroughly to remove adhering 
impurities and then ground with clean water until a smooth slurry was formed. The resulting 
mixture was filtered and pressed to obtain the filtrate, which was subsequently allowed to 
settle until sediment accumulated at the bottom of the container. The supernatant, typically 
clear and slightly yellowish, was carefully removed, leaving the starch sediment. The col-
lected sediment was then dried in a well-ventilated area (Ardiansyah et al., 2018).  

Glucose Syrup Production 

The production of glucose syrup from cassava peel starch offers an innovative and sus-
tainable method for utilizing agro-industrial waste. This process involves the conversion of 
starch extracted from cassava peel into glucose through enzymatic hydrolysis, specifically 
liquefaction and saccharification. The necessary equipment included a reaction vessel, valve, 
dropper, micropipette, measuring cylinder, Erlenmeyer flask, thermometer, pH meter, digital 
scale, stirrer, funnel, and storage bottle. The ingredients required for pH adjustment were 
cassava peel starch, distilled water (Aquadest), α-amylase, glucoamylase, and 1 N HCl. Ac-
cording to the method described by (Pontoh & Low, 1995), the process begins with dissolv-
ing cassava peel starch in distilled water, with the total mixture (starch + water) weighing 
approximately 200 g. The mixture was stirred for approximately five minutes while α-amyl-
ase was added. It was then heated to 80°C and maintained at that temperature for three 
minutes to reduce viscosity. The temperature was then rapidly increased to 106°C and held 
for five minutes to complete the liquefaction phase. Subsequently, the temperature was low-
ered to 60°C, and the pH was adjusted to 4.5 using 1 N HCl before adding glucoamylase. 
The mixture was gently stirred and allowed to stand for 48–73 h to enable optimal sacchari-
fication, during which starch was converted into glucose syrup. 

After completing the technological process and obtaining results from the nine treatment 
combinations, these data were further analysed using a multi-criteria decision-making 
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(MCDM) approach, namely AHP and WPM, to identify the most preferable glucose syrup 
formulation. The best glucose syrup was selected using weighted criteria and sub-criteria 
priorities, as assessed by two expert respondents. The first respondent was an expert from the 
Food Engineering and Agricultural Products Laboratory, and the second respondent was  
a lecturer from the Department of Food Technology with expertise in food chemistry and 
microbiology. The criteria and sub-criteria used to determine the optimal glucose syrup from 
cassava peel waste are as follows: 
1. Organoleptic  

An organoleptic test is a method that utilizes five senses, in which the evaluated aspects 
include colour, taste, aroma, and texture (Ray, 2021). The organoleptic test criteria for 
cassava peel glucose syrup are as follows: 
a. Colour  

According to SNI 01-2978-1992, glucose syrup is expected to be colourless and clear. 
To evaluate this attribute, a five-point Likert scale was applied, with 1 indicating very 
cloudy/coloured, 2 cloudy/coloured, 3 slightly cloudy/coloured, 4 clear, and 5 very 
clear. 

b. Aroma  
According to SNI 01-2978-1992, the product should not have any noticeable odour. 
The sensory evaluation of aroma therefore employed a five-level Likert scale ranging 
from 1 (strong odor) to 5 (completely odourless), with intermediate categories repre-
senting decreasing odour intensity 

c. Taste  
In accordance with SNI 01-2978-1992 standards, glucose syrup should exhibit a sweet 
flavour. Taste preference was assessed using a five-point Likert scale, where the low-
est score (1) represented not sweet at all and the highest score (5) indicated very sweet, 
with gradual sweetness levels between these two extremes. 

2. Reducing sugar content 
Dextrose and other sugars present in glucose syrup are reducing sugars, also referred to 
as dextrose equivalents (DE). Glucose syrup generally has a DE value, expressed as d-
glucose, of not less than 20%, based on dry matter (Hull, 2010). According to SNI 01-
2978-1992, the minimum reducing sugar content in glucose syrup is 30%. 

3. Moisture content 
Moisture content analysis is the difference between the weights of fresh and dry mate-
rials (Kristiandi et al., 2021). The moisture content represents the percentage of water 
in the glucose syrup, the higher the moisture content, the thinner the syrup. According 
to SNI 01-2978-1992, the maximum moisture content in glucose syrup is 20%. 

4. Ash content 
Ash content refers to the mixture of mineral or inorganic substances present in food 
ingredients (Kristiandi et al., 2021). According to SNI 01-2978-1992, the maximum ash 
content in glucose syrup is 1%. Therefore, a lower ash content is preferable. 

The purpose of decision-making is to obtain the best glucose syrup to determine the most 
suitable combination of compositions according to the criteria and sub-criteria described 
above. Next, a hierarchy or decision-making model was developed to illustrate the relation-
ship between the goal, criteria, sub-criteria, and available alternatives. The decision-making 
hierarchy for identifying the optimal glucose syrup is shown in Figure 1. 
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Figure 1. Decision-making hierarchy 

The Analytical Hierarchy Process (AHP) 

The analytical hierarchy process (AHP), developed by (Saaty, 1990), is a structured tech-
nique for organizing and analysing complex decisions based on mathematics and psychology. 
AHP is a reliable, rigorous, and robust method for eliciting and quantifying subjective judg-
ments in multi-criteria decision-making (Tavana et al., 2023). AHP is a mathematical recipe 
that allows the user to insert data into the input and obtain a ready-to-use solution from the 
output (Kulakowski, 2020). The process begins with defining relevant criteria related to the 
decision problem. A pairwise comparison matrix was then created to evaluate the importance 
of one criterion over another. Each column of the matrix is summed, and each element is 
normalized by dividing it by the total of its respective columns. The average of each row was 
then calculated to obtain the weight vector or eigenvector, which represents the relative im-
portance of each criterion. 

Once the weights were determined, a consistency test was performed to ensure the relia-
bility of the judgments in the pairwise comparison. The test begins by multiplying the com-
parison matrix with the weight vector, yielding a new vector. Each element of the resulting 
vector was then divided by its corresponding weight to obtain a consistency vector. The av-
erage of the elements in this vector provides the maximum eigenvalue (λmax), which is used 
to calculate the consistency index (CI) using Equation 1. 

 

 𝐶𝐶𝐶𝐶 = 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚−𝑛𝑛
𝑛𝑛−1

  (1)
  

where: 

  n – denotes the number of criteria. The consistency ratio (CR) was obtained by com-
paring the CI to the random index (RI), a standard value based on matrix size.  
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According to Umbara (2016), pairwise comparison inputs were considered consistent if 
CR ≤ 0.1. If the CR value exceeded this threshold, the comparison matrix must be revised 
for a more consistent judgment. 

Weighted Product Method 

The weighted product (WP) method is an approach within the multi-attribute decision-
making (MADM) framework. This method is widely used to evaluate and rank multiple  
alternatives based on a set of predefined criteria, wherein each attribute or criterion is as-
sumed to be independent of others (Aminudin et al., 2018). A key advantage of the WP 
method is its simplicity and computational efficiency, making it the preferred choice when  
a quick and effective decision-making tool is required (Hardiani et al., 2022). 

Amelia (2019) outlined the decision-making process using the WP method, which in-
volves several steps. The first step is to adjust the criterion weights. This process involves 
normalizing the assigned weights and classifying each criterion as either a benefit or a cost. 
Benefit criteria positively contribute to the objective, whereas cost criteria represent undesir-
able factors that must be minimized. 

Subsequently, the S vector for each alternative is determined. This is calculated by mul-
tiplying all performance values of an alternative for each criterion, each raised to the power 
of the weight assigned to that criterion, using Equation (2). Mathematically, the S vector 
reflects the overall performance of an alternative across all criteria. 

 

 𝑆𝑆𝑖𝑖 = 𝛱𝛱𝑗𝑗=1𝑛𝑛 𝑋𝑋𝑖𝑖𝑖𝑖𝑤𝑤𝑗𝑗  (2) 

 

Subsequently, vector V is calculated by dividing the S vector value of each alternative by 
the total of all S vectors, as shown in Equation 3. The resulting V values are then used to rank 
the alternatives, with the highest V indicating the most favourable option. 

 

 𝑉𝑉𝑖𝑖 =
𝛱𝛱𝑗𝑗=1
𝑛𝑛 𝑋𝑋𝑖𝑖𝑖𝑖𝑤𝑤𝑗𝑗

𝛱𝛱𝑗𝑗=1
𝑛𝑛 (𝑋𝑋𝑖𝑖𝑖𝑖∗)𝑤𝑤𝑗𝑗

  (3) 

After obtaining the priority weights for the criteria and sub-criteria, the next step was to 
weigh and rank the alternatives to determine the best cassava peel glucose syrup alternative 
using the WPM method. For the WPM calculations, the assessment of each alternative based 
on the criteria of moisture content, ash content, reducing sugar content, and organoleptic 
characteristics, including colour, taste, and aroma, is shown in Table 2. 
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Table 2.  
Value scale of the criteria used 

Value Color Taste Aroma 
Reducing su-
gar content 

-X (%) 

Moisture  
content  
- Y (%) 

Ash content  
- Z (%) 

1 Very cloudy / 
coloured 

Not sweet 
at all Very smelly X < 7.5 Y < 5 Z < 0.25 

2 Cloudy / co-
loured Not sweet Smelly 7.5 ≤ X < 15 5 ≤ Y < 10 0.25 ≤ Z

< 0.5 

3 
Slightly 
cloudy / colo-
ured 

Slightly 
sweet 

Slightly 
smelly 15 ≤ X < 22.5 10 ≤ Y < 15 0.5 ≤ Z

< 0.75 

4 Clear Sweet Odourless 22,5 ≤ X < 30 15 ≤ Y < 20 0.75 ≤ Z < 1 

5 Very clear Very 
sweet 

Completely 
odourless X ≥ 30 Y ≥ 20 Z ≥ 1 

Calculation of Production Costs  

After determining the best glucose syrup composition, the cost was calculated to estimate 
the cost of goods sold and the selling price per bottle (approximately 120 mL) using the full 
costing method, based on the production process and with several adjustments for MSME-
scale production. 

Results and Discussion 

Experimental Results 

Based on the experiments conducted, 27 glucose syrup samples were obtained, consisting 
of nine treatments, each replicated thrice. The samples obtained from each experiment using 
different combinations of α-amylase and glucoamylase enzyme volumes are presented in  
Table 1. The experimental results for each treatment are presented in Figures 2a to 2i. 

Next, tests were performed using experimental glucose syrup. The tests included deter-
mining the reducing sugar, moisture, and ash contents, as well as assessing the colour, taste, 
and aroma. Each treatment was replicated thrice, resulting in three samples for each treat-
ment, and a total of 27 glucose syrup samples were tested. The test results from the three 
samples for each treatment were averaged to obtain the test results for the nine treatments in 
the experiment on glucose syrup from cassava peel waste, as shown in Table 4. 

 
 
 
 
 



Diana Puspita Sari et al.  
 

 
 

 

122 

 
a. Treatment 1 (T1) 

 
b. Treatment 2 (T2) 

 
c. Treatment 3 (T3) 

 
d. Treatment 4 (T4) 

 
e. Treatment 5 (T5) 

 
f. Treatment 6 (T6) 

 
g. Treatment 7 (T7) 

 
h. Treatment 8 (T8) 

 
i. Treatment 9 (T9) 

Figure 2. Experimental result 

Table 4.  
Test results of cassava peel glucose syrup 

Treatments 
Reducing  

sugar content   
(%) 

Moisture 
content  

 (%) 

Ash   
content 

(%) 

Organoleptics 

Colour Taste Aroma 

T1 20.870 69.099 0.066 2.67 3.47 2.47 

T2 25.760 66.442 0.046 1.60 3.87 2.80 

T3 33.507 64.516 0.158 3.00 3.93 2.93 

T4 30.033 69.172 0.068 1.00 3.20 2.27 

T5 30.290 70.184 0.046 2.80 3.07 3.20 

T6 28.887 65.371 0.208 1.80 4.13 2.73 

T7 29.097 67.146 0.070 2.80 3.93 2.60 

T8 27.073 69.983 0.069 2.13 4.27 2.93 

T9 25.127 66.287 0.112 2.40 4.40 2.67 

 
Dextrose and other sugars present in glucose syrup are reducing sugars, also known as 

dextrose equivalents (Hull, 2010). The reducing sugar content directly affects the sweetness 
of glucose syrup; the higher the reducing sugar content, the sweeter the cassava peel glucose 
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syrup. According to the Indonesian National Standard (SNI), the minimum reducing sugar 
content in glucose syrup is 30%, and only the third, fourth, and fifth treatments met this 
requirement, with Treatment 3 showing the highest value, while the lowest value was ob-
served in Treatment 1. Higher reducing sugar content results in sweeter taste (Zhang et al., 
2024). Variations in the reducing sugar content between treatments may be influenced by the 
structural characteristics of cassava peel starch, specifically its amylose–amylopectin com-
position and chain architecture. Starch consists of linear amylose linked by α-(1→4) glyco-
sidic bonds and highly branched amylopectin containing α-(1→4) and α-(1→6) bonds, whose 
susceptibility to enzymatic hydrolysis depends on the molecular structure, granule organiza-
tion, and crystalline–amorphous distribution (Zhang et al., 2015). Enzymatic hydrolysis of 
starch is generally described by the Michaelis–Menten kinetic model, where the reaction rate 
depends on the substrate concentration, maximum reaction velocity (Vmax), and the Mich-
aelis constant (Km), which reflects the enzyme–substrate affinity. α-Amylase primarily 
cleaves internal α-(1→4) bonds to produce dextrin, whereas glucoamylase hydrolyses  
α-(1→4) and α-(1→6) bonds from the non-reducing end to release glucose.  

The synergistic interaction between these enzymes increases saccharification efficiency 
and affects the reducing sugar yield, especially under conditions near substrate saturation 
(Chamorro et al., 2025). In more complex catalytic systems involving multiple intermediates, 
kinetic equations can be derived using systematic approaches, such as the King–Altman 
method. Therefore, the higher reducing sugar content observed in Treatment 3 likely reflects 
favourable starch structural characteristics and more efficient enzymatic kinetics. Although 
specific kinetic parameters, such as Km and Vmax, were not determined experimentally in 
this study, future kinetic evaluations will provide deeper insights into the relationship be-
tween starch structure and glucose yield optimization. 

Moisture content analysis is the difference between the fresh and dry weights of a material 
(Kristiandi et al., 2021). Thus, moisture content indicates the amount of water contained in  
a substance. According to SNI, the maximum moisture content in glucose syrup is 20%. 
Based on the results of the moisture content test for glucose syrup made from cassava waste, 
the moisture content still far exceeded the standard set by the SNI. Therefore, improvements 
are necessary because moisture content is an important parameter in the food industry for 
determining the quality and shelf life of a product (Gowen, 2012). During production, the 
water content is meticulously managed through methods such as boiling point elevation, 
which directly affects the texture and stability of the product (Ergun et al., 2010). Based on 
interviews with lecturers from the Food Technology Department, efforts to reduce the mois-
ture content of glucose syrup involve conducting a longer cooking process. High moisture 
content in glucose syrup can be tolerated as long as the syrup remains sweet; however, it 
would be better if it met the SNI standard. The higher the temperature and the longer the 
cooking process, the greater the evaporation of water. Consequently, the moisture content 
decreased, leading to a higher total sugar yield (Chen et al., 2020).  

Ash content refers to the mixture of minerals and inorganic substances in food materials. 
According to the Indonesian National Standard (SNI), the maximum ash content in glucose 
syrup is 1%. Based on the results of the ash content tests for each treatment, it was found that 
the ash content in all treatments met the quality standards set by SNI, with no more than 1%. 
The quality of glucose syrup is greatly influenced by its ash content. Ash is the inorganic 
residue remaining after the organic matter of the syrup is completely oxidized or ignited. Ash 
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content assessment is usually part of proximate analysis for nutritional assessment and is 
regarded as a crucial quality characteristic for various food ingredients (Ismail, 2017). In 
addition to indicating the mineral content of a product, ash content also reflects the purity 
and cleanliness of the resulting product. Therefore, the low ash content found in these tests 
indicates that the glucose syrup produced from cassava peel waste does not contain contam-
inants that could affect its cleanliness and purity. Maintaining the purity of glucose syrup is 
crucial, especially because it is a key ingredient in candies and beverages. The presence of 
additional sugars or substances can alter the taste, texture, and shelf life of these products. 
Therefore, regulations ensuring the purity and quality of glucose syrup are essential for pre-
venting contamination and ensuring consumer safety (Permanasari et al., 2018). 

Organoleptic testing is a method that utilizes the five senses, in which the aspects tested 
can include colour, taste, aroma, and texture. Therefore, organoleptic testing results are 
closely related to consumer acceptance. Organoleptic testing is important for evaluating the 
quality and safety of food and beverage products (Tanone & Prasetya, 2019). Thus, to utilize 
cassava peel waste as an alternative raw material for producing glucose syrup, organoleptic 
tests were conducted, covering colour, taste, and aroma. This is essential for determining 
consumer acceptance and guiding product development (Iragaba et al., 2021). 

The organoleptic colour test was conducted using a Likert scale ranging from 1 (very 
cloudy/coloured) to 5 (very clear). According to SNI standards, glucose syrups should be 
colourless. Based on the experimental results, a slightly cloudy colour was observed in the 
first, third, fifth, and seventh treatments. In the second, sixth, eighth, and ninth treatments, 
the colour was cloudy. The fourth treatment resulted in a cloudy product. 

Based on the results of the organoleptic colour test conducted by the panellists, the com-
bination in the third treatment (60 g of starch; 0.06 mL glucoamylase and 2 mL α-amylase) 
had an organoleptic colour value of 3, indicating that the glucose syrup was still slightly 
cloudy (brownish). However, according to SNI standards, glucose syrup should be colourless 
or clear. Therefore, improvements or additional processes are required for glucose syrup pro-
duction to achieve the desired colour. The colour is one of the parameters that influence con-
sumer perception of food products, along with taste, texture, and nutritional content. Moreo-
ver, brightly coloured food products are more attractive to consumers (Tutuhatunewa, 2020). 

The organoleptic taste test was conducted using a Likert scale ranging from 1 (not sweet 
at all) to 5 (very sweet). According to the Indonesian National Standard (SNI), glucose syrup 
should have a sweet taste. Based on the experimental results of glucose syrup production 
using cassava peel waste, the resulting glucose syrup had a sweet taste. The first, fourth, and 
fifth treatments produced sweet glucose syrup. The second, third, sixth, and ninth treatments 
resulted in sweet-tasting glucose syrup. These four treatments met the SNI quality standard, 
in which glucose syrup has a sweet taste. Cassava peel glucose syrup, which is used as  
a sugar substitute, has a sweet taste. A requirement for a substance to be used as a sugar 
substitute is its sweet taste (Soesilo et al., 2006). 

The organoleptic test for aromas was conducted using a Likert scale ranging from 1 (very 
odorous) to 5 (completely odourless). According to the Indonesian National Standard (SNI), 
glucose syrup should be completely odourless. Based on the experimental results obtained 
using cassava peel waste as a raw material for glucose syrup production, the first and fourth 
treatments were odorous, whereas the remaining seven treatments were slightly odorous. The 
organoleptic aroma test results revealed that glucose syrup produced from cassava peel waste 



Optimization of glucose syrup... 

 
 
 

 

125 

was generally odorous and, thus, did not meet the SNI quality requirements, indicating that 
glucose syrup should be odourless. Interviews with panellists revealed that the aroma of glu-
cose syrup from cassava peels is generally described by the characteristic smell of cassava 
peels and fermentation. Although this aroma is acceptable, it would be preferable if it were 
absent to avoid interference with the overall flavour. The organoleptic quality of the aroma 
of cassava peel glucose syrup requires further improvement because a pleasant and appealing 
aroma can increase consumer preference for a food product, indicating that aroma is an im-
portant aspect to consider (Ege et al., 2023). Furthermore, consumers can assess the appeal 
of a food material based on its aroma, even from a distance (Tutuhatunewa, 2021). 

Criteria/Sub-criteria Weighting Results 

Respondents 1 and 2, experts in food chemistry and nutrition and food technology, re-
spectively, provided the input for the pairwise comparison of criteria and sub-criteria. The 
consistency ratio (CR) value of pairwise comparisons must be less than 10% to ensure that 
the pairwise comparisons are consistent. The results of the pairwise comparisons of the com-
bined criteria are presented in Table 5. 

Table 5.  
Pairwise comparison of combination criteria 

 Criteria Ash  
content 

Moisture  
 content 

Reducing sugar 
content Organoleptic 

Ash content 1 3.873 0.333 1 

Moisture content 0.258 1 0.169 0.2 

Reducing sugar content 3 5.916 1 3.873 

Organoleptic 1 5 0.258 1 
 
The normalization matrix and the average value of each row in the normalization matrix 

represent the weights of the criteria in that row (Table 6). 

Table 6.  
Eigen vector of criteria 

Criteria  Ash 
content 

Moisture 
content 

Reducing sugar 
content Organoleptic Weight 

Ash content 0.190 0.245 0.189 0.165 0.197 

Moisture content 0.049 0.063 0.096 0.033 0.060 

Reducing sugar content 0.571 0.375 0.568 0.638 0.538 

Organoleptic 0.190 0.317 0.147 0.165 0.205 

 
Subsequently, the weights of the organoleptic sub-criteria, including colour, taste, and 

aroma, were determined. The combination matrices are listed in Table 7. 
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Table 7.  
Pairwise comparison of organoleptic sub-criteria combinations 

 Aroma Taste Colour 

Aroma 1 0.707 3 

Taste 1.414 1 5 

Colour 0.333 0.200 1 
 
The normalization matrix and the average value of each row in the normalization matrix 

represent the weights of the organoleptic sub-criteria in that row (Table 8). 

Table 8.  
Eigen vectors of organoleptic sub-criteria 

 Aroma Taste Colour Weight 

Aroma 0.364 0.371 0.333 0.356 

Taste 0.515 0.524 0.556 0.532 

Colour 0.121 0.105 0.111 0.112 
 
The priority weights obtained based on the determination of the weights for the criteria 

and sub-criteria using the AHP method are listed in Table 9. 

Table 9. 
Priority weight 

Criteria/sub-criteria Weight 
Reducing sugar content 0.538 
Moisture content 0.060 
Ash content 0.197 
Organoleptic 0.205 
- Taste 0.532 
- Aroma 0.356 
- Colour 0.112 

 
Selection criteria and sub-criteria were established by referring to the Indonesian National 

Standard to determine the optimal combination of compositions that produces the best cas-
sava peel glucose syrup, selection criteria and sub-criteria were established by referring to 
SNI (Indonesian National Standard). The criteria include the reducing sugar content,  
moisture content, ash content, and organoleptic properties, which consist of the following 
sub-criteria: colour, taste, and aroma. The criteria and sub-criteria were weighted using the 
analytical hierarchy process (AHP) method. The pairwise comparison in AHP was conducted 
by two expert respondents: the first respondent was an expert from the Laboratory of Food 
Engineering and Agricultural Products, and the second respondent was a lecturer from the 
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Department of Food Technology with expertise in food chemistry and microbiology. From 
the results of the consistency index and consistency ratio calculations using Equations 1 and 
2, with a maximum value of 4.129 and n of 4, a CI of 0.043 and CR of 0.048 were obtained. 
Because the consistency ratio (CR) was less than 10%, the combined pairwise comparison 
was considered consistent. 

Based on pairwise comparisons, the calculated weights for the criteria were as follows: 
reducing sugar content (0.538), ash content (0.197), moisture content (0.060), and organo-
leptic properties (0.205). The reducing sugar content received the highest weight because  
a higher reducing sugar content results in a sweeter taste. Cassava peel glucose syrup is ex-
pected to have a sweet flavour and can be used as an alternative sugar substitute. The next 
highest weighting criterion was organoleptic properties (0.205). Organoleptic properties, in-
cluding taste, colour, and aroma, are the second highest after reducing sugar content because 
organoleptic testing or tests conducted directly using human senses demonstrate consumer 
acceptance of a food product. Therefore, organoleptic properties are an important criterion to 
prioritize as they are related to future consumer acceptance. 

The organoleptic criteria consisted of three sub-criteria: colour, taste, and aroma. Experts’ 
pairwise comparisons yielded the following sub-criteria priority weights: colour, 0.112; taste, 
0.532; and aroma, 0.356. Taste had the highest priority weight because taste is the determin-
ing factor for whether consumers like a food product and greatly influences consumer ac-
ceptance (Ege et al., 2023). The next highest priority among the organoleptic sub-criteria was 
aroma. Aromas have a high weight because the aroma or smell of a food product determines 
its palatability. A pleasant and appealing aroma can make a food product more favourable to 
consumers, making it an important aspect to consider (Ege et al., 2023). 

The next step was to determine the best alternative using the WPM method based on the 
priority weights of the criteria and sub-criteria obtained from the WPM method. In the WPM, 
two types of variables influence decision-making: cost and benefit. A criterion is considered 
a cost variable if a lower value is preferable; it is considered a benefit variable if a higher 
value is preferable (Harmayani & Harahap, 2022). The weight exponent for cost variables is 
negative, whereas that for the benefit variables is positive. The classification of criteria and 
sub-criteria for selecting the best cassava peel glucose syrup is listed in Table 10. 

Table 10.  
Classification of criteria and sub-criteria 

Criteria/Sub-criteria Variable Exponent Value 
Reducing sugar content Benefit Positive 
Moisture content Cost Negative 
Ash content Cost Negative 
Organoleptic Benefit Positive 
- Colour Benefit Positive 
- Taste Benefit Positive 
- Aroma Benefit Positive 
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Based on the results of the organoleptic tests for colour, taste, and aroma, as well as the 
weight of each sub-criteria, the organoleptic Si vector for each alternative was determined as 
the organoleptic value using Equation (2); the results are listed in Table 11. 

Table 11.  
Si Vector 

Alternative 

Reducing sugar 
content 

Moisture  
content Ash content Organoleptic 

𝑺𝑺𝒊𝒊 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 
Criteria 
weight Value Criteria 

weight Value Criteria 
weight Value Criteria 

weight Value 

T1 0.538 3 0.060 5 0.197 1 0.205 2.982 2.051 

T2 0.538 4 0.060 5 0.197 1 0.205 3.121 2.417 

T3 0.538 5 0.060 5 0.197 1 0.205 3.437 2.780 

T4 0.538 5 0.060 5 0.197 1 0.205 2.483 2.600 

T5 0.538 5 0.060 5 0.197 1 0.205 3.082 2.718 

T6 0.538 4 0.060 5 0.197 1 0.205 3.249 2.437 

T7 0.538 4 0.060 5 0.197 1 0.205 3.267 2.440 

T8 0.538 4 0.060 5 0.197 1 0.205 3.454 2.468 

T9 0.538 4 0.060 5 0.197 1 0.205 3.439 2.466 
 
A recap of the Si vector values is listed in Table 11. Subsequently, based on the Si vector 

values in Table 17, the Vi vector values were determined and used to rank the alternatives 
using Equation (3). A recap of the Vi vector values (weights) and ranking of each alternative 
are listed in Table 12. 

Table 12.  
Weights and ranking 

Alternative Weight (Vi) Ranking 
T1 0.0917 9 
T2 0.1080 8 
T3 0.1242 1 
T4 0.1162 3 
T5 0.1214 2 
T6 0.1089 7 
T7 0.1090 6 
T8 0.1103 4 
T9 0.1102 5 
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The selection of the best alternative refers to the weights of the criteria and sub-criteria 
previously determined using the AHP method, and the ranking of the best alternatives is per-
formed using the weighted product method. A combination of these two methods has been 
employed to produce a more stable ranking and reduce subjectivity (Harjanto et al., 2021b). 

Based on the tests conducted and the weights of the criteria and sub-criteria obtained and 
processed using the weighted product method, the weights for each criterion were as follows: 
first treatment, 0.091; second treatment, 0.108; third treatment, 0.124; fourth treatment, 
0.116; fifth treatment, 0.121; sixth treatment, 0.109; seventh treatment, 0.109; eighth treat-
ment, 0.110; and ninth, 0.110. The greater the weight, the better the alternative. Therefore, 
the third treatment was the best alternative for cassava peel glucose syrup with a combination 
of 60 g of starch with 0.06 mL of glucoamylase and α-amylase (2 mL of α-amylase). 

The glucose syrup produced in the third treatment had a reducing sugar content of 
33.507%, moisture content of 64.516%, and ash content of 0.158%. In addition, based on the 
results of the organoleptic test, it is known that the cassava peel glucose syrup produced in 
the third treatment scored 3 for colour, which means it is still slightly cloudy (brownish);  
a taste score of 3.93, which means it is sweet; and a smell score of 2.93, indicating that the 
glucose syrup produced still had a slightly noticeable odour. According to the Indonesian 
National Standard (SNI), cassava peel glucose syrup produced from the composition combi-
nation in the third treatment met the standard for reducing sugar content, which is a minimum 
of 30%. The ash content also met the standard of less than 1%. However, the moisture content 
did not comply because it was still too high and did not exceed 20%. Additionally, based on 
the results of the organoleptic test, the glucose syrup produced had a sweet taste in line with 
the SNI quality requirements, but still had a slight odour and was somewhat cloudy or brown-
ish in colour. According to SNI quality requirements, glucose syrup should be clear and 
odourless. 

Based on the weights and rankings of each alternative, it was evident that the best glucose 
syrup was produced by treatment T3. This innovation not only reduces agro-industrial waste 
but also encourages the sustainable utilization of local resources and opens new economic 
opportunities, especially for the micro, small, and medium enterprise (MSME) sector and 
integrated agriculture. Moreover, local glucose production can serve as a substitute for im-
ports needed by the food, beverage, and bioenergy industries, while also reducing greenhouse 
gas emissions from unmanaged waste decomposition. Thus, converting cassava peels into 
glucose syrup serves as a concrete example of circular economy implementation in support 
of sustainable development. 

In addition to the starch fraction for glucose syrup production, cassava peels contain sig-
nificant amounts of hemicellulose and cellulose, demonstrating their broader potential in in-
tegrated biorefinery systems. The hemicellulose fraction of lignocellulosic biomass can be 
enzymatically hydrolysed to produce xylooligosaccharides (XOS), high-value prebiotic com-
pounds with significant functional food applications (Chen et al., 2021). Recent studies have 
highlighted that XOS production from lignocellulosic residues through controlled enzymatic 
hydrolysis is a promising strategy for biomass valorisation within a sustainable biorefinery 
framework (Santibáñez et al., 2021). Meanwhile, the cellulose fraction can be further con-
verted into bioethanol or other bio-based products, thereby increasing the overall biomass 
utilization efficiency. Therefore, cassava peels should be considered not only as a source of 
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starch but also as a multifunctional lignocellulosic raw material, where integrated valorisa-
tion strategies can significantly increase its economic value and sustainability in line with the 
principles of a circular bioeconomy. 

Analysis of Economic Added Value  

To date, cassava peel waste from the production process lacks commercial value and is 
often discarded or used as animal feed by local residents. However, this waste can be eco-
nomically valuable if processed into a raw material for glucose syrup production. Glucose 
syrup is extensively used in the pharmaceutical, chemical, and other agro-industries (Al-
baasith et al., 2014), and many food and beverage industries prefer it because it does not 
crystallize as easily as granulated sugar (Permanasari&Yulistiani, 2015). A patent for glucose 
syrup derived from kimpul starch reports a glycemic index approximately 31 points lower 
than that of granulated sugar (Rejeki et al., 2021), which is beneficial for managing blood 
glucose levels in individuals with type 2 diabetes (Momongan et al., 2019). Therefore, using 
cassava peel waste as a raw material for glucose syrup can add economic value to what was 
previously considered worthless. This is particularly significant given the large market po-
tential of glucose syrup and the substantial amount of cassava peel waste produced during its 
manufacturing process. The experimental production of glucose syrup from cassava peel 
waste revealed that approximately 34 kg of clean peels and 30 kg of raw cassava peels yielded 
approximately 4 kg of cassava peel starch. In the experiment, 60 g of cassava peel starch was 
used to produce approximately 120 mL of cassava peel glucose syrup. According to the full 
costing method, the production cost of cassava peel glucose syrup was approximately IDR 
2,850.31. Compared to similar liquid cassava sugar products, such as brand A, sold at IDR 
29,500/350 mL (500 g), or brand B at IDR 39,665/600 g, the production cost of cassava peel 
glucose syrup was significantly lower. Given this low production cost, converting cassava 
peel waste into glucose syrup is highly feasible for micro-, small-, and medium-sized enter-
prises (MSMEs). From a waste material with no commercial value, if utilized as a raw mate-
rial for glucose syrup and sold with a 20% profit margin, it would provide an added value of 
IDR 3,420.37 for every 60 g of cassava peel starch, derived from approximately 450 g of 
clean cassava peel or around 510 g of raw cassava peel. Thus, converting cassava peel waste 
into glucose syrup not only generates economic benefits, as demonstrated by Sari et al. 
(2024a), Sari et al. (2024b), and Wulan et al. (2025) for furniture industry waste, but also 
reduces the environmental impact caused by the waste, as evidenced by Sari et al. (2025) in 
furniture industry waste and Sari et al. (2024c) in electronic waste. Additionally, it offers 
social benefits from the recycling of electronic waste, as demonstrated by Sari et al. (2023). 

Conclusions 
The experimental results demonstrate that cassava peel starch can be effectively utilized 

as a raw material for glucose syrup production through enzymatic hydrolysis using glucoam-
ylase and α-amylase. Among the nine treatments evaluated, the third treatment (60 g cassava 
peel starch, 0.06 mL glucoamylase, and 2 mL α-amylase) was identified as the best alterna-
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tive based on the integrated AHP–WPM approach. This treatment achieved balanced perfor-
mance across reducing sugar content, moisture content, ash content, and organoleptic attrib-
utes, making it the most preferable option under a multi-criteria evaluation. 

The findings highlight the importance of applying multi-criteria decision-making meth-
ods to ensure that product optimization considers not only chemical characteristics but also 
sensory quality. By integrating AHP for weighting criteria and WPM for ranking alternatives, 
this study provides a systematic and transparent framework for selecting the most suitable 
treatment. Beyond technical optimization, this study underscores the potential of cassava peel 
valorisation as a strategy to enhance economic value while reducing agro-industrial waste, 
particularly for MSMEs. Overall, this work contributes to sustainable agro-industrial inno-
vation by integrating process optimization and decision-making tools for waste valorisation. 

Future research should focus on improving product clarity and aroma to enhance con-
sumer acceptance. Further investigation into process refinement, enzyme concentration opti-
mization, and post-processing techniques is recommended. In addition, market acceptance 
studies and the development of alternative product forms, such as powdered glucose syrup 
with an extended shelf life, would strengthen the commercial feasibility and scalability of 
cassava peel–based glucose syrup production. 
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OPTYMALIZACJA SYROPU GLUKOZOWEGO Z ODPADÓW  
ZE SKÓREK MANIOKU: OKREŚLANIE OPTYMALNEGO 
SKŁADU Z UŻYCIEM METODY HIERARCHII ANALITYCZNEJ 
PRODUKTU WAŻONEGO PROCESEM 
 
Streszczenie. Maniok jest jednym z największych produktów rolnych Indonezji. Obecnie jego wykor-
zystanie ogranicza się głównie do bulw, co skutkuje produkcją stałych odpadów z łupin manioku. Warto 
zauważyć, że łupiny manioku zawierają dużo węglowodanów, stanowiących do 50% węglowodanów 
znajdujących się w bulwach. Ponadto, wysoki koszt cukru granulowanego i niezdolność krajowego 
przemysłu cukrowniczego do zaspokojenia popytu na cukier w Indonezji stały się poważnymi prob-
lemami. W związku z tym, celem niniejszego badania było zbadanie wykorzystania odpadów z łupin 
manioku jako alternatywnego surowca do produkcji syropu glukozowego, który potencjalnie może 
służyć jako substytut cukru. Przetestowano dziewięć eksperymentalnych metod w celu określenia op-
tymalnego syropu glukozowego. Najlepszy syrop glukozowy zidentyfikowano, stosując integrację pro-
cesu hierarchii analitycznej (AHP) i metody ważonego produktu (WPM). AHP wykorzystano do us-
talenia ważonych priorytetów kryteriów i podkryteriów, a następnie WPM do określenia 
alternatywnych wag i uszeregowania opcji. Trzeci sposób obróbki okazał się najlepszą alternatywą,  
o masie 0,124, obejmujący 60 g skrobi z łupin manioku, 0,06 ml glukoamylazy i 2 ml α-amylazy. 
Wyniki testów syropu glukozowego z tego sposobu obróbki wykazały zawartość cukru redukującego 
33,51%, wilgotność na poziomie 64,419%, zawartość popiołu 0,137%, barwę organoleptyczną 3 (lekko 
mętny), smak 3,93 (słodki) i aromat 2,93 (lekko pachnący). Oczekuje się, że wykorzystanie tych  
odpadów zwiększy ich wartość ekonomiczną, jednocześnie minimalizując ich wpływ na środowisko. 

Słowa kluczowe: proces hierarchii analitycznej, odpady z obierek manioku, syrop glukozowy, metoda 
produktu ważonego 
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