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Abstract 

The increasing global production of coffee generates substantial amounts of agro-industrial by-

products, including coffee husk (CH), which is rich in dietary fiber and antioxidant compounds. This 

study investigated the effects of partial substitution of wheat flour with CH flour on the 

physicochemical and functional properties of bread. Bread samples were prepared by substituting CH 

flour for wheat flour at levels of 0%, 1.5%, 3.0%, 4.5%, 6.0%, and 7.5% (w/w). The bread samples 

were analyzed for color, loaf expansion, texture, moisture content, ash content, dietary fiber, and 

antioxidant activity. The incorporation of CH flour significantly affected bread characteristics. 

Increasing levels of CH flour reduced the lightness (L*) value and loaf expansion while increasing 

bread hardness. Moisture and ash contents also increased due to the CH flour's high water-binding 

capacity and mineral content. Moreover, bread enriched with CH flour exhibited markedly higher total 

dietary fiber and antioxidant activity than the control bread. Total dietary fiber increased from 2.72% in 

the control bread to 9.47% in bread containing CH flour, while antioxidant activity increased from 

6.09% to 26.53%. These findings demonstrate that CH flour has strong potential as a functional 

ingredient for improving the nutritional and functional properties of bread. The utilization of CH flour 

also represents a promising strategy for valorizing coffee-processing byproducts and developing 

sustainable functional bakery products with potential health benefits. 

 
Keywords: Coffee husk flour, functional bread, dietary fiber, antioxidant activity, physicochemical 

properties 

 

Introduction 

Coffee is one of the most widely consumed beverages worldwide and is produced by 

brewing roasted coffee beans. According to the International Coffee Organization (ICO), 

global coffee production reached 177.51 million 60-kg bags in the 2024/2025 coffee year, 

representing a 5.2% increase compared to the previous year. South America remained the 

largest coffee-producing region, contributing 86.79 million bags, followed by Asia and 

Oceania with 49.64 million bags [1]. In addition, the United States Department of Agriculture 

(USDA) forecast that global coffee production would further increase to 178.68 million 60-

kg bags in the 2025/2026 coffee year. Brazil remained the world’s largest coffee producer 

with an estimated production of 65.0 million bags, followed by Vietnam (31.0 million bags), 

Colombia (12.5 million bags), and Indonesia (11.25 million bags), all of which contribute 

substantially to the global coffee industry [2]. With the continuous growth of the global 

population and consumer demand, coffee production and consumption are projected to 

increase further in the coming years. 

The increasing production of coffee generates a considerable amount of agro-industrial by-

products, as approximately 30-50% of the coffee fruit weight is discarded as waste. Coffee 

husk (CH) are among the major solid residues generated during the dry processing of coffee 

cherries, particularly after the dehulling stage. CH constitute approximately 12-18% of the 

dried coffee fruit weight. Due to the limited commercial utilization of CH, their disposal has 

become an environmental concern [3]. Therefore, numerous studies have focused on the 

valorization of coffee by-products to reduce environmental impacts while generating value- 
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 added products. CH have been investigated for several 

applications, including industrial materials such as ceramics, 

particle boards, and flavoring agents; biofuel production 

through solid fuel processing, gasification, and ethanol 

production; adsorption of contaminants; fermentation 

substrates for the production of organic acids and enzymes; 

extraction of bioactive compounds such as dietary fiber and 

antioxidants; and agricultural applications including animal 

feed, mushroom cultivation substrates, silage, and 

composting. In addition, CH are considered a promising raw 

material due to their high contents of fiber, carbohydrates, 

proteins, and phenolic compounds. Consequently, the 

development of coffee cherry tea, commonly known as 

cascara, has attracted increasing attention in recent years [4]. 

Chemically, CH are rich in carbohydrates (35-85%), soluble 

dietary fiber (30.8%), proteins (5-11%), and minerals (3-

11%) [5]. Moreover, CH contain various phytochemical 

compounds, including tannins, anthocyanins, and 

polyphenols, which exhibit significant antioxidant activity 

and potential applications in food and pharmaceutical 

industries. The high dietary fiber and antioxidant contents of 

CH suggest their potential incorporation into food products 

to enhance nutritional and functional properties [3]. 

Bread is one of the most popular bakery products and serves 

as a major source of carbohydrates in many countries due to 

its convenience, affordability, and wide availability. Bread 

is typically produced from wheat flour fermented with 

baker’s yeast (Saccharomyces cerevisiae), together with 

water, sugar, and other optional ingredients, followed by 

baking. The fermentation process produces a porous, 

sponge-like structure, characterized by gas cells within the 

bread matrix [6]. However, conventional bread is generally 

manufactured using refined wheat flour from which the bran 

and germ fractions have been removed. These fractions are 

important sources of dietary fiber, phytochemicals, 

vitamins, and minerals. Consequently, refined wheat bread 

usually contains relatively low levels of dietary fiber and 

antioxidant compounds (Xu et al., 2019). 

To improve the nutritional and functional quality of bread, 

this study investigated the incorporation of CH flour into 

bread formulations. The addition of CH flour, which is rich 

in dietary fiber and antioxidant compounds, is expected to 

enhance the functional properties of bread and contribute to 

the development of fiber-enriched and antioxidant-rich 

bakery products with potential health benefits. 

 

Materials and Methods 

Coffee husk (CH) were obtained from a local coffee farmer 

in Jember District, Indonesia. Commercial wheat flour 

(“Cakra Kembar”) was purchased from PT Indofood Sukses 

Makmur. Instant dry baker’s yeast was obtained from 

Lesaffre. Sugar was supplied by Sugar Group Companies, 

while full cream milk powder was obtained from PT 

Indolakto. Hollman milk butter was purchased from 

Pilarose, and salt was obtained from PT UnichemCandi 

Indonesia. The chemicals used in this study included 1, 1-

diphenyl-2-picrylhydrazyl (DPPH) purchased from Sigma-

Aldrich, pancreatin enzyme, pepsin, and ethanol, all of 

analytical grade. 

 

Preparation of Coffee Husk Flour 

Dried coffee husk (CH) was soaked in boiling water 

(100°C) for 10 min, then rinsed with clean water. The CH 

were subsequently dried using a food dehydrator at 50°C for 

12 h. The dried CH were then ground and sieved through an 

80-mesh sieve to obtain coffee husk flour. 

 

Bread Formulation 

Wheat flour was partially substituted with CH flour at levels 

of 0%, 1.5%, 3.0%, 4.5%, 6.0%, and 7.5% (w/w). Bread 

prepared without CH flour served as the control. The bread 

formulation consisted of flour, yeast, salt, sugar, fat, and 

water. Baker’s yeast was added in the form of a suspension. 

All ingredients were mixed with a mixer fitted with a dough 

hook attachment until a homogeneous dough formed. The 

dough was placed in a baking pan and subjected to the first 

fermentation (proofing) at room temperature for 30 min. 

Afterward, the dough was sheeted using a rolling pin to 

remove trapped gas and then molded into the desired shape. 

The molded dough underwent a second proofing at room 

temperature for 60 min in the baking pan. Subsequently, the 

dough was baked in an oven at 220°C for 20 min. After 

baking, the bread loaves were removed from the pans and 

cooled at room temperature prior to analysis. 

 

Analytical Methods 

Bread color was measured using a color reader (Minolta 

CR-10 Plus). The lightness value (L*) of the bread crust 

surface was determined 3 h after baking. Bread texture was 

evaluated using a Rheotex instrument (Sun Rheotex SD-

700#). The expansion power of bread was determined 

according to the method described by Yuwono and Susanto 

(2001) [8]. Total dietary fiber content was analyzed 

according to the method of Asp (1984), which involves acid 

hydrolysis followed by enzymatic digestion. Antioxidant 

activity was determined using the DPPH (1, 1-diphenyl-2-

picrylhydrazyl) radical scavenging assay. Moisture and ash 

contents were analyzed according to the methods described 

by the AOAC International (2005) [9].  

 

Data Analysis 

All experimental data were analyzed descriptively using 

IBM SPSS Statistics software. The results were presented as 

mean values obtained from experimental observations. 

 

Results 

Color Properties 

The incorporation of coffee husk (CH) flour significantly 

affected the color characteristics of bread. The lightness 

(L*) value ranged from 32.57 to 45.12 in bread containing 

CH flour, whereas the control bread exhibited a significantly 

higher L* value of 62.50 (Fig. 1). The results indicate that 

the addition of CH flour produced darker bread compared 

with conventional wheat bread. Increasing the substitution 

level of CH flour progressively decreased the L* value, 

resulting in a darker appearance. 
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Fig 1: Lightness (L) value of bread formulated with different levels of coffee husk flour 

 

Bread Expansion 

Bread expansion ranged from 276.13% to 306.48% in bread 

containing CH flour, while the control treatment showed the 

highest expansion value of 309.17% (Fig. 2). The results 

demonstrated a gradual reduction in bread volume as the 

level of CH flour substitution increased. 

 

 
 

Fig 2: Bread expansion of bread formulated with different levels of coffee husk flour 

 

Texture 

The texture values of bread containing CH flour ranged 

from 4.31 to 6.24 g/mm, whereas the control bread showed 

a lower value of 3.98 g/mm (Fig. 3). Increasing the 

proportion of CH flour significantly increased bread 

hardness, resulting in a firmer and denser crumb structure. 

 

 
 

Fig 3: Texture values of bread formulated with different levels of coffee husk flour 
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 Moisture Content 

The moisture content of bread enriched with CH flour 

ranged from 37.57% to 39.50%, while the control bread 

contained 35.91% moisture (Fig. 4). The results indicate that 

CH flour increased the moisture retention capacity of bread. 

All formulations complied with the Indonesian National 

Standard (SNI) requirement for bread moisture content 

(<40%). 

 

 
 

Fig 4: Moisture content of bread formulated with different levels of coffee husk flour 

 

Ash Content 

The ash content of bread containing CH flour ranged from 

1.12% to 1.49%, whereas the control bread showed an ash 

content of 1.04% (Fig. 5). Increasing levels of CH flour 

significantly increased ash content, indicating a greater 

mineral contribution from the coffee husk flour. 

 

 
 

Fig 5: Ash content of bread formulated with different levels of coffee husk flour 

 

Dietary Fiber Content 

The total dietary fiber (TDF) content of bread enriched with 

CH flour ranged from 5.51% to 9.47%, consisting of 

insoluble dietary fiber (IDF) values of 4.79-7.78% and 

soluble dietary fiber (SDF) values of 0.72-1.69% (Fig. 6). In 

contrast, the control bread contained only 2.72% TDF. 

Dietary fiber content increased with increasing levels of CH 

flour, with IDF representing the predominant fraction. 

 

 
 

Fig 6: Dietary fiber content of bread formulated with different levels of coffee husk flour 
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 Antioxidant Activity 

The antioxidant activity of bread containing CH flour 

ranged from 12.11% to 26.53%, while the control bread 

exhibited an antioxidant activity of 6.09% (Fig. 7). 

Antioxidant activity increased significantly with increasing 

substitution levels of CH flour. 

 

 
 

Fig 7: Antioxidant activity of bread formulated with different levels of coffee husk flour 

 

Discussion 

The decrease in bread lightness with increasing levels of CH 

flour can be attributed to the flour's dark brown color. 

Wheat flour generally exhibits a high L* value, whereas CH 

flour has a considerably lower L* value, resulting in darker 

bread as the substitution level increases. The brown color of 

CH flour is attributed to the oxidation of chlorogenic acid 

during drying, which forms brown compounds [10]. In 

addition, thermal processing during baking promotes 

Maillard reactions and caramelization, further intensifying 

the bread's brown coloration. Similar reductions in lightness 

have been reported in bakery products enriched with fiber-

rich agricultural by-products. Although darker bread differs 

from conventional white bread, consumers often associate 

darker bakery products with higher nutritional value due to 

their fiber and antioxidant contents.  

The reduction in bread expansion observed with increasing 

CH flour substitution is primarily related to the high dietary 

fiber content of CH flour. Dietary fiber interferes with the 

formation and continuity of the gluten network, thereby 

reducing the dough’s ability to retain carbon dioxide 

produced during fermentation. Gluten proteins, mainly 

gliadin and glutenin, are responsible for forming an elastic 

structure that traps fermentation gases and promotes loaf 

volume expansion [11]. The incorporation of CH flour 

introduces non-gluten components that dilute and disrupt the 

gluten matrix. Furthermore, fiber particles may physically 

interfere with gas cell formation and stability, thereby 

reducing loaf volume. Similar findings have been reported 

for breads enriched with dietary fiber, where increased fiber 

incorporation generally decreases bread expansion and loaf 

volume [12, 13]. 

The increase in bread hardness following CH flour 

incorporation is closely associated with the reduction of 

gluten content and the high fiber concentration of CH flour. 

Since CH flour is gluten-free, replacing wheat flour with CH 

flour reduces the amount of gluten available to form a 

continuous, elastic dough network. Consequently, gas 

retention during fermentation is reduced, resulting in a 

denser crumb structure and firmer texture. In addition, 

dietary fiber particles disrupt the gluten matrix and enhance 

water absorption within the dough, promoting stronger 

interactions among starch, protein, and fiber components. 

These interactions contribute to the formation of a more 

compact structure and increased crumb firmness [11, 14]. 

Therefore, higher levels of CH flour produced bread with 

greater hardness and reduced softness compared to the 

control treatment.  

The higher moisture content observed in bread containing 

CH flour is largely attributed to the water-holding capacity 

of dietary fiber. Fiber contains numerous hydrophilic groups 

capable of binding and retaining water molecules within the 

bread matrix. As a result, moisture loss during baking is 

reduced, leading to greater water retention in the final 

product. Previous studies have shown that fiber-rich 

materials possess strong water-binding properties and can 

significantly increase moisture retention in bakery products 
[15]. Moreover, interactions between dietary fiber, starch, and 

proteins may further limit moisture evaporation during 

thermal processing. Consequently, increasing the proportion 

of CH flour resulted in bread with higher moisture content 

than conventional bread.  

The increase in ash content after substituting CH flour 

reflects the higher mineral content of coffee husk compared 

with wheat flour. Ash represents the inorganic residue 

remaining after complete combustion of organic matter and 

is commonly used as an indicator of total mineral content. 

Coffee husk contains substantial amounts of minerals, 

including potassium, calcium, magnesium, and phosphorus, 

which contribute to the higher ash content of the enriched 

bread. Therefore, increasing the proportion of CH flour 

proportionally increased mineral retention in the bread 

formulation. Similar increases in ash content have been 

reported in bakery products fortified with agricultural by-

products rich in minerals and dietary fiber. The higher ash 

content observed in this study suggests that CH flour may 

enhance the mineral contribution of bread, thereby 

improving its nutritional value.  
The substantial increase in dietary fiber content with CH 
flour incorporation can be directly attributed to the naturally 
high fiber content of coffee husk. Coffee husk contains large 
amounts of cellulose, hemicellulose, and lignin, which are 
classified as insoluble dietary fiber, as well as smaller 
amounts of soluble fiber components. Consequently, both 
total dietary fiber and its individual fractions increased as 
the level of CH flour substitution increased. The 
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 predominance of insoluble dietary fiber observed in this 
study is consistent with previous reports indicating that 
coffee husk is particularly rich in insoluble fiber fractions [16, 

17]. The enhanced dietary fiber content may provide 
physiological benefits, including improved gastrointestinal 
function, increased satiety, and better metabolic health. 
Therefore, CH flour can serve as an effective functional 
ingredient for improving the nutritional profile of bread 
products. 
The increase in antioxidant activity observed in bread 
containing CH flour is associated with the presence of 
bioactive compounds naturally occurring in coffee husk. 
Coffee husk contains various phenolic compounds, 
particularly chlorogenic acid and other polyphenols, which 
exhibit strong antioxidant properties. These compounds can 
donate electrons or hydrogen atoms to neutralize free 
radicals, thereby reducing oxidative reactions. As the 
proportion of CH flour increased, greater amounts of 
phenolic compounds were incorporated into the bread 
formulation, resulting in enhanced DPPH radical scavenging 
activity. Similar findings have been reported by Arpi et al. 
(2023) [18], who demonstrated the strong antioxidant 
potential of coffee husk. Therefore, incorporating CH flour 
not only increases the dietary fiber content but also 
improves the functional value of bread by enhancing 
antioxidant activity. 
 
Conclusion 
The incorporation of coffee husk (CH) flour into the bread 
formulation significantly influenced the bread's 
physicochemical and functional properties. Increasing levels 
of CH flour substitution produced darker bread with lower 
lightness values, reduced bread expansion, and firmer 
texture due to the disruption of gluten network formation by 
the high dietary fiber content of CH flour. In addition, CH 
flour increased the moisture and ash contents of bread due to 
its strong water-binding capacity and high mineral content. 
Most importantly, the addition of CH flour substantially 
enhanced the nutritional and functional quality of bread by 
increasing total dietary fiber and antioxidant activity. Bread 
containing CH flour met the criteria for high-fiber products 
and demonstrated improved antioxidant properties 
compared to conventional bread. Therefore, CH flour has 
strong potential as a functional food ingredient for 
developing fiber-enriched, antioxidant-rich bakery products 
while simultaneously supporting the sustainable valorization 
of coffee processing by-products. 
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