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ABSTRACT 
This study explores the use of Moringa leaves and tapioca flour as additives in chicken 
nuggets, a popular processed chicken meat product. Moringa leaves are known for their high 
nutritional content, including vitamins, minerals, and antioxidants. The research aims to 
determine the optimal dosages of Moringa leaves and tapioca flour for chicken nugget 
production, providing guidance for producers to enhance product formulations and nutritional 
value. The study investigates how variations in the doses of Moringa leaves and tapioca flour 
impact the physicochemical and organoleptic properties of chicken nuggets. An experimental 
design involving two factors (Moringa leaves and tapioca flour) with multiple levels is utilized. 
Each treatment combination is repeated to obtain reliable results. The findings indicate 
significant interactions between the doses of Moringa leaves and tapioca flour, particularly 
related to water content. The addition of 300g tapioca flour and 200g Moringa leaves resulted 
in the lowest water content compared to other dose combinations. However, there was no 
significant interaction observed on ash content, although higher doses of Moringa leaves and 
tapioca flour tended to increase the ash content in the chicken nuggets. Crude protein levels 
showed an interaction effect, with the addition of 100g Moringa leaves and increased tapioca 
flour contributing positively to the crude protein content. Additional doses of Moringa leaves 
and tapioca flour affected the crude fat content, with the addition of 100g Moringa leaves and 
increased tapioca flour resulting in increased crude fat. However, higher doses in specific 
combinations led to varied effects on crude fat content. The addition of Moringa leaves and 
tapioca flour influenced the crude fiber content in chicken nuggets. Within a certain range, 
the addition of Moringa leaves positively increased the crude fiber content, while higher 
doses of tapioca flour also contributed to increased crude fiber. Overall, this research 
provides insights into the effects of Moringa leaves and tapioca flour on the physicochemical 
properties and organoleptic qualities of chicken nuggets. The findings offer valuable 
information for the development of more efficient product formulations with enhanced 
nutritional value. 
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Chicken nuggets are one of the popular processed chicken meat products and are 
widely consumed by the public (Putri, 2018; Zelpina et al., 2020; Sadolona & Agustin, 2021; 
Rahmawati & Irawan, 2021). The quality of chicken nuggets is very important to ensure the 
safety and taste of the product. In addition, today's consumers are also increasingly 
concerned about the health aspects and nutritional value of the food they consume. 
Therefore, research is needed to improve the quality of chicken nuggets by using natural 
additives that have health benefits. 
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Moringa leaves (Moringa oleifera) and tapioca flour are two interesting ingredients to 
be explored as additions to chicken nuggets. Moringa leaves have a high nutritional content, 
including vitamins, minerals, and phytochemical compounds such as antioxidants (Toripah, 
2014; Badriyah et al., 2017; Luditasari et al., 2019; Suhaemi et al., 2021; Rasdiana & Refdi, 
2022; Paramita, 2023). On the other hand, tapioca flour is a material that is often used in the 
food industry as a binder or filler (Liu et al., 2019; Le-Bail et al., 2020; Ayu et al., 2020; 
Lemos et al., 2021; Cruz-Romero et al., 2022). 

Previous studies have shown the health benefits of moringa leaves and tapioca flour in 
various food products. However, there is still little research that specifically studies the effect 
of adding moringa leaves and tapioca flour on the physicochemical and organoleptic 
properties of chicken nuggets. Therefore, this study aims to fill this knowledge gap by 
conducting studies related to the addition of various doses of moringa leaves and tapioca 
flour to chicken nuggets. 

GAP Research and Research Update: 
Although there have been previous studies exploring the benefits of moringa leaves 

and tapioca flour in various food products, not many studies have specifically involved these 
two ingredients in the manufacture of chicken nuggets. This research will make a significant 
contribution to our understanding of the effect of the addition of moringa leaves and tapioca 
flour on the physicochemical and organoleptic properties of chicken nuggets (Romuald et al., 
2017; Mashau et al., 2021; Rodríguez-Miranda et al., 2022; Hamzah et al., 2022; Francelin et 
al., 2022; Nuryahyani et al., 2022). 

In addition, this research will also provide new data and information regarding the 
optimal dose of moringa leaves and tapioca flour that can be used in making chicken 
nuggets. This will provide practical guidance for producers to optimize their product 
formulations and produce higher quality chicken nuggets with high nutritional value. 
Research on nuggets has been conducted with various variations of raw materials, but there 
is still potential to improve the quality of these nuggets. One of the latest innovations in 
nugget production is the use of a mixture of moringa leaves (Moringa oleifera Lamk.), which 
can enhance the texture, taste, aroma, and nutritional content of the nuggets. 

Preliminary studies on the production of chicken nuggets with the addition of moringa 
leaves and tapioca showed that adding tapioca flour at a concentration of 25% to 35% of the 
chicken meat weight yielded acceptable sensory results. However, adding flour above a 
concentration of 35% led to a decline in the organoleptic properties of the product, causing 
the nugget texture to become hard. The addition of moringa leaves to the nugget product at 
concentrations ranging from 5% to 15% resulted in good sensory acceptance. However, 
concentrations above 15% resulted in a strong moringa flavor and aroma that was less 
preferred by the panelists. Based on these considerations, there is still no research that 
determines the appropriate dosage of moringa leaves and tapioca flour to produce moringa 
chicken nuggets with optimal physicochemical and organoleptic qualities. Therefore, this 
research is crucial to fill the knowledge gap in this area. 

The diversity of doses of moringa leaves and tapioca flour that will be studied is also a 
novelty in this study. Through this research, it will be known how variations in doses of 
Moringa leaves and tapioca flour affect the physicochemical and organoleptic properties of 
chicken nuggets. This can provide valuable information for the development of more efficient 
products and formulations. It is hoped that this research will provide a better understanding 
of the effect of the addition of moringa leaves and tapioca flour on physicochemical 
properties and organs. 
 

METHODS OF RESEARCH 
 

This experiment uses an Experimental Design which includes the design of the factors 
being tested. The use of a design depends on the factors being tested. Apiocal design is 
used to see the interaction between 2 or 3 factors where each factor has several levels. This 
study uses an apical design with 2 factors, and each factor has 3 levels and 3 repetitions 
(2x3x3) so there are 12 units of observation (Steel and Torrie, 1991). 
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The factorial design model follows the following formula: 
 
 
 
 
Where: Yijk = Observation value; µ = Middle value; ai = Effect of level I from factor A; 
βj = Effect of the jth level of factor B; (aβ)ijz = Effect of interaction level I of factor A and level 
j from factor B; Έij = The effect of the residual (trial error) level I from factor A and level j from 
apioc b on the kth repetition. 

To assess the viability of a processed chicken nugget business, sales must be 
analyzed to evaluate consumer demand. Sales are elastic as customer preference rises. 
Rural processing firms are mostly traditional, like farming enterprises, which are new and 
face many obstacles. Agribusiness-focused nugget entrepreneurs will confront many 
challenges. As indicated above, novices encounter "infant industry" problems. Business 
owners' issues affect their results. This step achieves corporate goals. Thus, business 
concerns cause entrepreneur business actions. Minimizing challenges maximizes activity. 

Processing companies must also understand consumer product preferences. Market 
segmentation is crucial. It's ready-to-eat or cook. Marketers must be smart to succeed. 
Marketing systems focus on consumers. Businesses must mirror customers. Business 
owners must "mirror and match" consumer behavior with their marketing specifications. 
Business owners perform these tasks. Marketing-focused business organization members 
are needed to maximize these efforts. 

Business operators make technical and non-technical decisions to market processed 
goods. Marketing, customer behavior, and preferences are non-technical. Technical factors 
emphasize marketing concepts from specific marketing perspectives. Understanding 
marketing specs leads to marketing methods. Marketing can be done directly or indirectly. 

Direct marketing involves business owners directly interacting with customers. This 
creates a two-way relationship between business owners and product users. Consumers and 
businesses set prices. Consumers hope to get fair prices while business owners maximize 
profits. Producer-to-consumer distribution is short. Due to the short supply chain, incidental 
costs are low. 

Indirect marketing requires multiple marketing entities. Marketing middlemen connect 
producers and consumers. Each marketing firm maximizes revenues in such marketing. This 
creates high transaction expenses. 

Business owners' profits depend on product sales elasticity. A chicken nugget 
company feasibility analysis must identify cost components, total production, product value, 
revenue, profit, and business feasibility. Understanding the components to be studied is 
necessary to comprehend the aforementioned elements, which will decide a business's 
viability. 

Feasibility Analysis evaluates nugget business finances. This analysis examines costs, 
production, product value, sales, profit, and company feasibility, to determine if the firm is 
profitable. Market prospects, input-output analysis, and company feasibility must be reviewed 
for a complete analysis. These factors indicate chicken nugget business success and 
profitability. 

This study uses chicken meat as a raw material for the manufacture of nuggets, where 
in the manufacturing process several fillers such as vegetables and seasonings are added. 
The vegetables used in this study were moringa leaves, carrots, celery and onions as well as 
spices such as garlic and cooking flavor enhancers, coriander, pepper, white sugar and salt. 
The binder uses tapioca flour and the coating material uses chicken eggs and panir flour. 

This study will be carried out at the Results Processing Laboratory of the Animal 
Husbandry Training Center (BBPP) - Kupang for processing and organoleptic testing, while 
the analysis of the nutritional content of nuggets will be carried out at the Chemistry 
Laboratory of Politani University, Kupang. Organoleptic testing or sensory testing of chicken 
nuggets is carried out by "Semi-Trained Panelists" consisting of employees of BBPP Kupang. 

Yijk = µ + + ai + βj + (aβ)ij + έijk 
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The study on the nutritional quality and organoleptic properties of chicken nuggets with 
different doses of moringa leaves and tapioca flour involves 2 factors, where factor A is 
tapioca flour and factor B is tapioca flour. Each factor has 3 levels and will be repeated 3 
times (3 x 3 x 3) resulting in a total of 27 experimental units. 

The treatments being tested include: 

 Factor A: Moringa Leaf Dose A1 = 5% moringa leaves (50 grams) A2 = 10% moringa 
leaves (100 grams) A3 = 15% moringa leaves (150 grams); 

 Factor B: Tapioca Flour Dose B1 = 250 grams of tapioca flour B2 = 300 grams of 
tapioca flour B3 = 350 grams of tapioca flour. 

Therefore, there are 9 treatment combinations that will be repeated 3 times, resulting in 
a total of 27 observations. The treatment combinations are as follows: A1B1 = 50g moringa 
leaves : 250g tapioca flour A1B2 = 50g moringa leaves : 300g tapioca flour A1B3 = 50g 
moringa leaves : 350g tapioca flour A2B1 = 100g moringa leaves : 250g tapioca flour A2B2 = 
100g moringa leaves : 300g tapioca flour A2B3 = 100g moringa leaves : 350g tapioca flour 
A3B1 = 150g moringa leaves : 250g tapioca flour A3B2 = 150g moringa leaves : 300g 
tapioca flour A3B3 = 150g moringa leaves : 350g tapioca flour 
 

RESULTS AND DISCUSSION 
 

The results of the analysis of variance showed that there was an interaction between 
the doses of Moringa leaves and tapioca flour in the manufacture of chicken nuggets. From 
the observations in Table 1, it can be seen that the addition of moringa leaves and tapioca 
flour has a significant effect on the water content of the chicken nuggets. In the table, it can 
be seen that the addition of 300 g of tapioca flour and 200 g of Moringa leaves in the 
manufacture of chicken nuggets resulted in the lowest water content compared to the other 
treatment combinations, which was equal to 48,51%. 
 

Table 1 – Interaction of Moisture Content in Chicken Nuggets with the Addition of Various Doses of 
Moringa Leaves and Tapioca Flour 

 

Treatment 
Water content (%) 

Tapioca flour 300 g Tapioca flour 400 g Tapioca flour 500 g 

Moringa Leaves 100 g 53.31 b 55.08 bc 55.68 bc 
Moringa Leaves 200 g 48.51 a 55.52 bc 53.84 b 
Moringa Leaves 300 g 55.87 bc 56.89 c 54.77 bc 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 

 
Table 2 – Ash Content in Chicken Nuggets with the Addition of Various Doses of Moringa Leaves and 

Tapioca Flour 
 

Treatment Ash Content (%) 

Moringa Leaves  

100 g 1.64 a 
200 g 1.92 b 
300 g 1.97 b 

Tapioca flour  

300 g 1.62 a 
400 g 1.77 a 
500 g 2.15 b 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 

 
Based on the results of analysis of variance, it is known that there is no interaction 

between the treatment of adding moringa leaves and tapioca flour in making chicken 
nuggets. The results of the observations in Table 2 show that the greater the amount of 
moringa leaves and tapioca flour added, the ash content in the chicken nuggets also 
increases. of the three doses of Moringa leaves given, the addition of 100 g of Moringa 
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leaves gave the lowest ash content, namely 1.64%, while the addition of 200 g and 300 g 
gave a higher ash content, respectively 1.92% and 1.97%. The addition of 300 g and 400 g 
of tapioca flour resulted in a lower ash content of 1.62% and 1.77%, while the addition of 500 
g of tapioca flour in the manufacture of chicken nuggets gave a higher ash content of 2.15%. 
 

Table 3 – Interactions of Crude Protein in Chicken Nuggets with the Addition of Various Doses of 
Moringa Leaves and Tapioca Flour 

 

Treatment 
Crude protein (%) 

Tapioca flour 300 g Tapioca flour 400 g Tapioca flour 500 g 

Moringa Leaf 100 g 21.31 a 22.53 b 25.92 de 
Moringa Leaf 200 g 25.84 de 25.71 d 26.54 ef 
Moringa Leaf 300 g 26.89 f 26.21 def 24.82 c 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 

 
Based on the results of analysis of variance, it is known that there is an interaction 

between the treatment of adding moringa leaves and tapioca flour in making chicken 
nuggets. The results of the observations in Table 3 show that the crude protein content in the 
chicken nuggets which was given an additional 100 g of moringa leaves and the greater 
amount of tapioca flour resulted in a higher crude protein. However, this is different from the 
production of chicken nuggets which added 300 g of moringa leaves and the more tapioca 
flour, the crude protein content of chicken nuggets decreased, namely 24.82%. When 
analyzed further, the addition of more moringa leaves to the composition of 300 and 400 g 
tapioca flour will increase the crude protein of the chicken nuggets made, but on the contrary 
the addition of 500 g tapioca flour which is added more moringa leaves will result in lower 
crude protein. 
 
Table 4 – Interactions of Crude Fat in Chicken Nuggets with the Addition of Various Doses of Moringa 

Leaves and Tapioca Flour 
 

Treatment 
Crude fat (%) 

Tapioca flour 300 g Tapioca flour 400 g Tapioca flour 500 g 

Moringa Leaf 100 g 4.197 a 4.644 b 5.030 c 
Moringa Leaf 200 g 6.196 f 5.106 c 5.380 d 
Moringa Leaf 300 g 5.584 de 5.754 e 5.135 c 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 

 
From the observations, it can be seen that the addition of moringa leaves and tapioca 

flour affects the crude fat content in chicken nuggets. The addition of 100 g of Moringa 
leaves added with an increasing amount of tapioca flour will result in a higher crude fat 
content as well.  
 

Table 5 – Percentage of Crude Fiber in Chicken Nuggets with the Addition of Various Doses of 
Moringa Leaves and Tapioca Flour 

 

Treatment Coarse Fiber (%) 

Moringa Leaves  

100 g 0.50 b 
200 g 0.80 c 
300 g 0.31 a 

Tapioca Flour  

300 g 0.39 a 
400 g 0.52 a 
500 g 0.70 b 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 
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However, this is different from the addition of 200 and 300 g of Moringa leaves which, 
when added with more tapioca flour, results in a lower percentage of crude fat. If analyzed 
further, it is known that the addition of tapioca flour as much as 300 and 400 g which is then 
added with more and more moringa leaves will produce higher crude fat as well. Meanwhile, 
the addition of 500 g of tapioca flour plus 200 g of Moringa leaves resulted in a higher crude 
fat (5.38%) compared to the addition of 100 g (5.03%) or 300 g of Moringa leaves (5.13%). 

Based on the results of analysis of variance, it is known that there is no interaction 
between the treatment of adding moringa leaves and tapioca flour in making chicken 
nuggets. The results of the observations in Table 5 show that the addition of 200 g (0.80%) 
of Moringa leaves produced higher crude fiber compared to the addition of 100 g (0.50%) 
and 300 g (0.31%) of Moringa leaves. While the addition of tapioca flour which produces 
more and more crude fiber in the manufacture of chicken nuggets. 
 

Table 6 – Interactions of Carbohydrates in Chicken Nuggets with the Addition of Various Doses of 
Moringa Leaves and Tapioca Flour 

 

Treatment 
Carbohydrate (%) 

Tapioca Flour 300 g Tapioca Flour 400 g Tapioca Flour 500 g 

Moringa Leaves 100 g 19.34 f 16.32 d 13.11 c 
Moringa Leaves 200 g 18.35 e 11.94 b 12.95 c 
Moringa Leaves 300 g 11.39 b 10.02 a 13.60 c 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 

 
From the table of interactions between carbohydrates in chicken nuggets with the 

addition of Moringa leaves and tapioca flour, it can be seen that there is a significant effect 
between carbohydrates in chicken nuggets with the addition of Moringa leaves and tapioca 
flour. Increasing the dose of tapioca flour from 300 g to 500 g in combination with the 
addition of 100 g and 200 g of Moringa leaves showed a significant decrease in the 
carbohydrate content of chicken nuggets. However, this seemed different from the addition of 
300 g of Moringa leaves which produced the lowest carbohydrates when combined with 400 
g of tapioca flour and produced the highest carbohydrates when combined with 500 g of 
tapioca flour. 

On the other hand, in the combination of adding 200 g and 300 g of Moringa leaves, it 
was seen that chicken nuggets with 400 g of tapioca flour had a lower carbohydrate content 
than at doses of 300 g or 500 g. Whereas the addition of 100 g of Moringa leaves combined 
with the addition of tapioca flour, the higher the amount, the lower the percentage of 
carbohydrates. 
 

Table 7 – Amount of Metabolic Energy in Chicken Nuggets with the Addition of Various Doses of 
Moringa Leaves and Tapioca Flour 

 

Treatment Metabolic Energy (ME Kcal/kg) 

Moringa Leaves  

100 g 2079 
ns

 
200 g 2019 

ns
 

300 g 2230 
ns

 

Tapioca Flour  

300 g 2166 
ns

 
400 g 1924

 ns
 

500 g 2237 
ns

 
 

Note: Numbers accompanied by the same letter in the same row and column do not differ significantly in the 
Duncan's test at 5%. 

 
Based on Table 7, it is known that there is no significant difference in the energy 

metabolism of chicken nuggets given the addition of moringa leaves and tapioca flour. 
Although there were differences in the amount of metabolic energy in the different 
treatments, these differences were not statistically significant. 
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For example, a processed food business operator can sell the following products 
during a specific period: 
 

Table 8 – Processed Food Business 
 

No. Product Volume Unit Price (Rp) Amount 

1 Chicken Nugget 20 packs 20,000 400,000 

2 Moringa Meatball 20 packs 15,000 300,000 

3. sausage 20 packs 10.000 200.000 

Total Revenue 900.000 

 
Please note that the currency format has been adjusted for readability by including 

commas for thousands separators. The table provides information on the type of product, 
volume sold, unit price, and the total amount earned from the sales of each product. The total 
revenue for the specified period is 900,000 IDR. 

Business Income/Profit Business income refers to the total amount of money earned by 
a business entity, obtained by subtracting all costs from the total revenue. Therefore, 
business income is also referred to as profit. Business income can be formulated as follows: 
 

I = TR - TC 

 
Where: I = Income/profit; TR = Total Revenue; TC = Total Cost. 

Business Feasibility Business feasibility analysis is crucial for a producer to avoid 
losses and ensure business development and sustainability. Financially, business feasibility 
can be analyzed using several indicators or analytical tools, such as Break-Even Point 
(BEP), Revenue/Cost ratio (R/C ratio), and Benefit/Cost ratio (B/C ratio). For small-scale 
businesses, it is recommended to use at least BEP and R/C ratio or B/C ratio as tools for 
analyzing business feasibility. 

Business feasibility analysis can be formulated as follows: 
a. Break-Even Point (BEP). There are two approaches to BEP: unit BEP and price 

BEP. Unit BEP refers to the number of units that must be produced by a business entity to 
achieve profitability. Example: From the BEP unit calculation, it is determined that 10 units 
are required. If the producer produces fewer than 10 units, it will incur losses or be deemed 
unfeasible. On the other hand, if the production exceeds 10 units, it will generate profits or be 
considered feasible, and producing exactly 10 units will result in neither profit nor loss (break-
even point). 

Price BEP, on the other hand, refers to the price that should be applied based on the 
calculation. Example: Based on the calculation, the price BEP is Rp. 10. If the producer sells 
the product at a cost price lower than Rp. 10, it will incur losses or be deemed unfeasible. 
Conversely, if the cost price exceeds Rp. 10, it will generate profits or be considered feasible. 

b. R/C ratio R/C ratio is the value that indicates the ratio between Revenue (R) and 
Total Cost (C). The magnitude of R/C ratio determines whether a business is profitable or 
unprofitable. In general, a business will be profitable if the revenue exceeds the cost. There 
are three possibilities when comparing Revenue (R) with Cost (C): R/C = 1, R/C > 1, and R/C 
< 1. However, due to a profit factor of 0.3, the feasibility analysis based on R/C ratio is as 
follows: a. R/C > 1.3 = Feasible/Profitable b. R/C = 1.3 = Break-Even Point c. R/C < 1.3 = 
Unfeasible/Loss 

Based on the results of this assessment, the quantity of nugget production derived from 
processing 18 kg of chicken meat is 324 units (unit in packaging). With a price per unit of Rp 
20,000, the total revenue is Rp 6,480,000, while the total cost is Rp 4,995,500. Therefore, 
the revenue-to-cost ratio is 6,480,000/4,995,500 = 1.297 (1.3). Based on the R/C ratio 
analysis, it can be concluded that the chicken nugget processing activity is feasible and 
profitable, where every Rp 100 invested will generate a revenue of Rp 130 or a profit of Rp 
30. 

c. B/C ratio B/C ratio is the value that indicates the ratio between Net Profit (Benefit = 
B) and Total Cost (C). The magnitude of B/C ratio determines whether a business is 
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profitable or unprofitable. Due to a profit factor of 0.3, the feasibility analysis based on B/C 
ratio is as follows: 1. B/C > 0.3 = Feasible/Profitable; 2. B/C = 0.3 = Break-Even Point; 3. B/C 
< 0.3 = Unfeasible/Loss. 

Business feasibility analysis is the first and foremost step that a business owner needs 
to undertake before initiating their business activities. The purpose of conducting a business 
feasibility analysis is to determine whether the planned business venture will be profitable or 
result in losses. Business feasibility analysis involves several steps, including analyzing 
business costs, analyzing business income, and assessing the overall feasibility of the 
business. 

In terms of marketing the processed products, the results of the business analysis can 
serve as a benchmark for determining the selling price or market price of the products. By 
considering the cost price of production (CPP), business owners can sell their products at a 
certain profit margin. To effectively market their products, business owners need to identify 
the target market, followed by planning and strategizing their marketing activities. These 
steps are essential and cannot be skipped if the business is to succeed. 
 

DISCUSSION of RESULTS 
 

The results of the analysis of variance revealed that there was an interaction between 
the doses of Moringa leaves and tapioca flour in the production of chicken nuggets. This 
implies that the inclusion of moringa leaves and tapioca flour in chicken nuggets has a 
mutual influence on the water content. Table 1 demonstrates that the combination of 300 g of 
tapioca flour and 200 g of Moringa leaves resulted in the lowest water content of 48.51% in 
the chicken nuggets. These findings suggest that this specific combination significantly 
reduces the water content of the chicken nuggets (Bou et al., 2004; Bucher et al., 2008; 
Teruel et al., 2015; Madane et al., 2019; Madane et al., 2020; Pourashouri et al., 2021; 
Nadeem et al., 2022). 

Moisture content is a crucial parameter in processed meat products like chicken 
nuggets. Elevated water content can lead to diminished product quality, such as a soft 
texture, reduced shelf life, and increased potential for microbial growth (Das et al., 2008; 
Ledenbach & Marshall, 2009; Ergun et al., 2010; Bhise & Kaur, 2013; Mir et al., 2017; Bezie, 
2019; Monirul et al., 2019; Łopusiewicz et al., 2023). Hence, incorporating the appropriate 
dosages of moringa leaves and tapioca flour can serve as an effective strategy to reduce the 
water content in chicken nuggets. 

The reduction in water content observed in the chicken nuggets produced by using 300 
g of tapioca flour and 200 g of Moringa leaves can be attributed to the binding and water-
absorbing properties of both ingredients. Tapioca flour possesses favorable water-binding 
properties, thereby aiding in water content reduction. Furthermore, Moringa leaves are 
recognized for their effective water-absorbing properties. Consequently, this combination of 
dosages may have a synergistic effect on decreasing the water content of chicken nuggets. 
Furthermore, it is important to acknowledge that this study solely focused on observing the 
water content in chicken nuggets. For a more comprehensive understanding of the impact of 
different dosages of Moringa leaves and tapioca flour, further research should involve 
analyzing physicochemical properties and other sensory attributes such as hardness, 
softness, color, and other organoleptic qualities. 

the analysis of variance results demonstrated an interaction between the doses of 
Moringa leaves and tapioca flour in the production of chicken nuggets, specifically regarding 
the water content. The combination of 300 g of tapioca flour and 200 g of Moringa leaves 
resulted in the lowest water content compared to other dose combinations, indicating its 
potential as a strategy to reduce the water content in chicken nuggets. However, further 
research is required to investigate the impact of these doses on the physicochemical and 
organoleptic properties of chicken nuggets. On the other hand, the analysis of variance 
results indicated no interaction between the addition of moringa leaves and tapioca flour in 
chicken nuggets regarding the ash content. This means that the effect of adding moringa 
leaves and tapioca flour did not influence the ash content of the chicken nuggets. 
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Table 2 shows that increasing the amount of moringa leaves and tapioca flour added 
resulted in higher ash content in the chicken nuggets. This suggests that both moringa 
leaves and tapioca flour contributed to the increase in ash content, as ash content measures 
the presence of inorganic materials in the sample. The addition of moringa leaves introduces 
minerals such as calcium, magnesium, and phosphorus, while tapioca flour contains 
minerals like potassium and phosphorus. 

In this study, the addition of 100 g of Moringa leaves resulted in the lowest ash content 
of 1.64%, indicating the lowest contribution to ash content increase. Conversely, the addition 
of 200 g and 300 g of Moringa leaves led to higher ash content of 1.92% and 1.97% 
respectively, suggesting that higher doses of Moringa leaves tend to increase the ash 
content. Furthermore, adding 300 g and 400 g of tapioca flour resulted in lower ash content, 
specifically 1.62% and 1.77% respectively, indicating a smaller contribution to the ash 
content increase. However, adding 500 g of tapioca flour led to a higher ash content of 
2.15% (Semjon et al., 2020). To summarize, the analysis of variance results indicate no 
interaction between the addition of moringa leaves and tapioca flour doses in relation to the 
ash content of chicken nuggets. Higher doses of moringa leaves and tapioca flour tend to 
increase the ash content in the product. Nonetheless, adding 100 g of moringa leaves and 
300 g of tapioca flour resulted in the lowest contribution to the ash content increase in 
chicken nuggets. Further research is needed to comprehend the effect of these doses on the 
physicochemical and organoleptic parameters of chicken nuggets. 

Based on the analysis of variance results, there was an interaction between the 
addition of doses of moringa leaves and tapioca flour in the production of chicken nuggets, 
particularly in relation to the crude protein content. The observations in Table 3 indicated a 
significant effect on the crude protein content due to the combination of these additional 
doses. In this study, adding 100 g of Moringa leaves to chicken nuggets, along with an 
increasing amount of tapioca flour, resulted in an increase in crude protein content. This 
suggests that the addition of Moringa leaves at this dose positively contributes to increasing 
the crude protein content in chicken nuggets. Similarly, adding more tapioca flour also had a 
positive effect on increasing the crude protein content in the product. However, there was a 
difference in the effect of adding doses of moringa leaves and tapioca flour to the production 
of chicken nuggets at higher doses. Specifically, the addition of 300 g of Moringa leaves, 
combined with an increasing amount of tapioca flour, led to a decrease in the crude protein 
content of chicken nuggets to 24.82%. This indicates that this particular dose combination 
may have a negative effect on the crude protein content of the product. 

Furthermore, upon further analysis, it was observed that adding higher doses of 
Moringa leaves to the composition of tapioca flour, specifically 300 g and 400 g, resulted in 
an increase in crude protein content in chicken nuggets. This indicates that the addition of a 
higher dose of Moringa leaves to this combination has a positive contribution to increasing 
the crude protein content. However, it is important to note that the addition of 500 g of 
tapioca flour, along with an increased amount of Moringa leaves, led to a decrease in crude 
protein content to 24.82%. In conclusion, the analysis of variance results demonstrated an 
interaction between the addition of doses of moringa leaves and tapioca flour in the 
production of chicken nuggets, specifically in relation to the crude protein content. Adding 
100 g of Moringa leaves and increasing the amount of tapioca flour positively contributed to 
increasing the crude protein content in chicken nuggets. Additionally, adding a higher dose of 
Moringa leaves in combination with 300 g of tapioca flour or 400 g of tapioca flour also 
resulted in an increase in crude protein content. Further research is necessary to understand 
the underlying mechanisms and other factors that influence these results and their 
implications for physicochemical properties. 

Regarding the crude fat content, adding 100 g of Moringa leaves, along with an 
increasing amount of tapioca flour, showed an increase in the crude fat content in chicken 
nuggets. This suggests that this dose combination positively contributes to increasing the 
crude fat content in the product. However, there was a difference in the effect of adding 
doses of moringa leaves and tapioca flour to the production of chicken nuggets at higher 
doses. Adding 200 g and 300 g of Moringa leaves, along with an increasing amount of 
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tapioca flour, resulted in a decrease in the percentage of crude fat. This indicates that this 
particular combined dose may have a negative effect on the crude fat content of the product. 
Moreover, upon further analysis, it was observed that adding 300 g and 400 g of tapioca 
flour, along with an increasing amount of Moringa leaves, led to an increase in the crude fat 
content in chicken nuggets. This indicates that adding a higher dose of tapioca flour, along 
with an increasing amount of Moringa leaves, positively contributes to increasing the crude 
fat content in the product. Furthermore, adding 500 g of tapioca flour, along with 200 g of 
Moringa leaves, resulted in a higher crude fat content of 5.38% 

In conclusion, the addition of doses of moringa leaves and tapioca flour affected the 
crude fat content in chicken nuggets. Adding 100 g of Moringa leaves, along with an 
increasing amount of tapioca flour, resulted in an increase in crude fat content, while the 
effect of higher doses of Moringa leaves and tapioca flour in specific combinations led to both 
decreases and increases in crude fat content. Further research is necessary to understand 
the underlying factors influencing these results and their implications for the physicochemical 
and organoleptic qualities of chicken nuggets. Additionally, based on the analysis of variance 
results, no interaction was observed between the addition of moringa leaves and tapioca 
flour in relation to crude fiber content, indicating that the effects of these ingredients on crude 
fiber were independent. 

The observations in Table 5 revealed that adding 200 g of Moringa leaves resulted in a 
higher percentage of crude fiber (0.80%) compared to adding 100 g (0.50%) or 300 g 
(0.31%) of Moringa leaves. This indicates that adding Moringa leaves within this range has a 
positive contribution to increasing the crude fiber content in chicken nuggets. Moreover, 
increasing the amount of tapioca flour also led to an increase in the percentage of crude fiber 
in chicken nuggets. Previous research supports these findings, as it has shown that Moringa 
leaves are rich in fiber, and the addition of Moringa leaves to processed products can 
enhance the crude fiber content. Similarly, tapioca flour contains crude fiber, which 
contributes to the overall increase in crude fiber in the product. While there was no 
interaction between increasing doses of moringa leaves and tapioca flour, the effects of each 
treatment on crude fiber were evident. Specifically, adding 200 g of Moringa leaves resulted 
in a higher percentage of crude fiber compared to other doses, and increasing amounts of 
tapioca flour also contributed to an increase in crude fiber. 

In summary, the addition of moringa leaves and tapioca flour influenced the crude fiber 
content in chicken nuggets. Adding moringa leaves within a certain range positively 
increased the crude fiber content, while adding a higher dose of tapioca flour also led to an 
increase in crude fiber. These findings align with previous research highlighting the potential 
of moringa leaves and tapioca flour to enhance the crude fiber content in processed 
products. Further research is needed to explore the underlying factors influencing these 
results and their implications for the physicochemical and organoleptic properties of chicken 
nuggets. Additionally, the analysis using an interaction table between carbohydrates in 
chicken nuggets and the doses of moringa leaves and tapioca flour demonstrated a 
significant effect. It was observed that the addition of moringa leaves and tapioca flour 
influenced the carbohydrate content in chicken nuggets, indicating that the combination of 
these ingredients had an impact on the nutritional composition of the product. 
 

CONCLUSION 
 

The research concludes that the combination of Moringa leaves and tapioca flour has 
an impact on the moisture content of chicken nuggets. Chicken nuggets made with 300 g of 
tapioca flour and 200 g of Moringa leaves exhibited the lowest moisture content. However, 
small quantities of Moringa leaves and tapioca flour do not affect the ash content of chicken 
nuggets. On the other hand, increasing the amounts of Moringa leaves and tapioca flour 
results in an increase in the ash content. Specifically, the addition of 100 g of Moringa leaves 
and 300 g of tapioca flour contributed to an increase in the ash content of chicken nuggets. 
Moreover, Moringa leaves and tapioca flour also have an influence on the crude protein 
levels in chicken nuggets. The inclusion of 100 g of Moringa leaves and a larger amount of 
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tapioca flour led to an increase in the crude protein content of chicken nuggets. Additionally, 
Moringa leaves and tapioca flour affect the crude fat content of chicken nuggets. Mixing 100 
g of Moringa leaves with a higher quantity of tapioca flour resulted in an increase in crude fat 
content, while the combination of higher doses of Moringa leaves and tapioca flour in 
different proportions led to either a decrease or increase in crude fat content. Lastly, the 
addition of Moringa leaves and tapioca flour alters the crude fiber content in chicken nuggets, 
resulting in an increase in crude fiber content. 

Furthermore, both Moringa leaves and tapioca flour had an effect on the crude fiber 
content of chicken nuggets, with an increase observed when Moringa leaves were added 
within a certain range, and higher doses of tapioca flour also leading to an increase in crude 
fiber content. These findings suggest the potential for utilizing Moringa leaves and tapioca 
flour to modify the nutritional profile and sensory characteristics of chicken nuggets. 
However, further research and experimentation are recommended to optimize the dosages, 
evaluate sensory attributes, and assess consumer acceptance before implementing these 
formulations on a larger scale. 
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