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Coffee silver skin flour can be effortlessly converted into various
items, and its nutritional quality remains constant. Thus,
exploring novel methods of utilizing it could result in sustainable

g?!ﬁ‘;:g;; and innovative products with consistent nutritional advantages.
Cha,acte,isﬁc;/ This study investigated the impact of using coffee silver skin flour
Coffee silver skin on the quality of biscuits. This study used a completely

randomized design (CRD) consisting of 5 levels of treatment and
three replications. The percentages of wheat flour substituted
with coffee silver skin flour were 0, 20, 40, 60, and 80%.
Observation data were analyzed using ANOVA with F test and
continued with Duncan's New Multiple Range Test (DNMRT) test
at 1% significance level. The result showed that substituting
wheat flour with coffee silver skin flour considerably altered the
flour's moisture, ash, protein, and fat content. With increasing
amounts of coffee silver skin flour, the moisture and ash contents
increased, while the protein and fat contents decreased. Biscuits
that were most favored by panelists were in treatment A (100%
wheat flour with 0% coffee silver skin flour) with moisture, ash,
protein, and fat content of 1.31, 0.25, 18.50, and 19.45%,
respectively. Biscuits made from coffee silver skin flour meet the
quality requirements set by SNI 2973:2011, except for treatment
E (0% wheat flour with 100% coffee silver skin flour), as the
moisture content exceeds the specified criteria.

MCorresponding Author:

inawatysidabalok@gmail.com

1. INTRODUCTION

Biscuits or pastries are one form of snack that people are interested in. Biscuits are
described as dry baked products created by baking dough made from wheat flour, with or
without wheat flour alternatives, oil/fat, with or without adding other food ingredients
and approved food additives. The Indonesian National Standard for Biscuits (SNI
2973:2011) outlines essential requirements for ensuring the quality and safety of biscuits.
These requirements include a minimum protein content of 7%, a fat content not
exceeding 20%, a moisture content of less than 5%, and, ideally, a fiber content above 2%
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(BSN, 2011). Additionally, the absence of preservatives and harmful coloring agents
and free from microbial contamination is crucial in ensuring that the final product is
safe for human consumption (Shenashen et al.,, 2022). Compliance with these
standards can be valuable in producing high-quality and safe biscuits. Wheat flour,
powdered sugar, eggs, vanilla, margarine, cornstarch, baking powder, and instant milk
powder are typically used to make biscuits (Mutmainna, 2013; Setyowati & Nisa, 2014).
As the public's consumption of biscuits increases, so does the need for wheat flour
(Irawan et al., 2014).

Wheat flour is flour or fine powder from pulverized wheat grains commonly used
for making noodles, cakes, and biscuits. Wheat flour contains a high concentration of
starch, a complex carbohydrate insoluble in cold water (Sumardiono et al., 2017).
Wheat flour contains gluten, formed when the two protein fractions, gliadin and
glutenin, meet water and cross-link to form long chains (Coltelli et al., 2015). This gives
wheat-based foods a chewy texture (Parimala & Sudha, 2015). To reduce wheat
imports and flour consumption, indigenous culinary ingredients can be developed. One
material that can substitute wheat flour is coffee silver skin flour (Coffea arabica L.)
(Lestari et al., 2015).

The coffee silver skin (Coffea arabica L.) is a byproduct of the processing of coffee
beans. Up to 40-50% of coffee skin waste could be discarded during coffee processing,
amounting to 300 thousand tons of waste (BPS, 2017). The potential of coffee bean
skin waste as food is not yet explored; even though it is typically utilized for compost,
bio absorbent, or caffeine extraction (Setyobudi et al., 2019), and animal feed. The
failure to maximize the usage and processing of coffee silver skin waste is due to a lack
of public knowledge and information about the advantages of applications of coffee
silver skin waste (Juwita et al., 2017; Suloi, 2019).

Until now, coffee silver skin waste has been left to decompose, stack, and burn,
which severely impacts the environment and requires the consideration of
countermeasures. People are unaware of the usefulness and potential of the
nutritional value of coffee silver skin, which results in their rarely used. The advantages
of coffee silver skin are its high fiber content, protein, and antioxidants that can
improve the nutritional quality and shelf life of food products and provide a unique
flavor and aroma to biscuits (Garcia-Serna et al., 2014). Additionally, its use can help
reduce waste and improve the sustainability of the coffee industry. Coffee silver skin
can be ground into flour and are nutrient-rich, particularly in protein (Gemechu, 2020).
One solution that can be done is utilizing these natural resources for various products
(diversification) that may have high selling value (Garcia-Serna et al., 2014; Salman et
al., 2022).

The silver skin of coffee beans contains chlorophyll and other pigments. The pulp
consists of two components: the outer part, denser and firmer, and the inner part,
which resembles gel or mucus (Biao et al., 2020). This mucilage layer contains 85%
water in bound form and 15% non-water-containing colloidal particles. This portion is a
hydrophilic colloid comprised of approximately 80% pectin and 20% sugar. This layer
comprises cellulose, hemicellulose, lignin, amino acids, fatty acids, trigonelline, and
caffeine (Wang et al., 2021).

Coffee silver skin flour is easily transformed into different products, and the
nutritional value of coffee silver skin flour is primarily stable or unaltered (Gocmen et
al., 2019). Cakes made from coffee skin flour have the potential to attract coffee lovers'
attention due to their unique taste, which is enhanced using the flour. In addition to its
promising growth potential, coffee silver skin flour offers a high nutrient content,
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specifically 4140 kcal/kg of energy (Garing et al., 2020). Coffee silver skin serves as a
food ingredient that contains bioactive compounds such as 42.2% chlorogenic acid,
21.6% epicatechin, and 2% catechin while also featuring a complete nutrient
composition that includes carbohydrates, proteins, fats, fibers, vitamins, and minerals
(Arifin, 2020; Arpi et al., 2018). Coffee silver skin contains 10.4% crude protein, 2.13 %
crude fat, 17.2% crude fiber (including lignin), 7.34 % ash, 0.48 % calcium, 0.04%
phosphorus, and 14.34 kg of metabolic energy (Nugroho & Kusumaningtyas, 2021;
Simanihuruk & Sirait, 2010).

Incorporating coffee silver skin as an ingredient in biscuit production offers a novel
approach to enhance the nutritional quality of the product, minimize waste in the
coffee industry, and impart a distinctive taste and aroma to the final biscuit product.
This approach can create more innovative and sustainable biscuit products that deliver
higher value to consumers. The hallmark of superior-quality biscuits is their ability to
adhere to stringent quality and safety standards prescribed by industry benchmarks
(Reardon & Farina, 2001). Critical determinants of biscuit quality include meeting
appropriate protein, fat, fiber, and moisture levels while also being free from harmful
microbial contaminants and additives. Adopting such exacting standards is poised to
produce biscuits that provide consumers with optimal nutritional benefits while
ensuring the safety of their consumption.

More research is needed to fully understand the impact of utilizing coffee silver skin
flour as a substitute for wheat flour in processed foods. Specifically, the sensory and
nutritional properties of resulting products require further investigation. Despite this
research gap, incorporating coffee silver skin flour in processed foods can increase
product variety and provide a sustainable use for this waste product. Furthermore,
coffee silver skin can potentially increase the variety of foods offered. In this study,
coffee silver skin waste product was ground into flour and used as a substitute for
wheat flour to produce processed food in biscuits.

2. MATERIALS AND METHODS

2.1. Materials and Tools

The primary materials used in this study were coffee silver skin obtained from UD
Serba Guna, Oikhoda Gunung Sitoli coffee refinery and wheat flour (Segitiga Biru
brand). Materials used for chemical analysis were: 1) Protein content: H,S0,, HgO,
K,SO,4, NaOH, Na,S,0s;, H3BOs, HCI, boiling stones, and distilled water; and 2) Fat
content: n-hexane.

The tools used in making biscuits were knives, scales, ovens, stirrers, pans, molds,
and mixers. While the tools used for chemical analysis were analytical scales, porcelain
cup, desiccator, scissors, porcelain cup, furnace and scissors, 500 mL Kjeldahl flask,
distillation apparatus, 50 mL burette, 5 mL measuring pipette, 50 mL Erlenmeyer, drop
pipette, 250 mL beaker glass, and fume hood, Soxhlet with a condenser, electric
heater, analytical scales, electric oven, and filter paper.

2.2. Research Design

The design used in this study was a completely randomized design (CRD) with five

levels (n=3). The data obtained were analyzed statistically with analysis of variance

(ANOVA) and Duncan's New Multiple Range Test (DNMRT) at a 1% significance level.
The treatment in this study was the level of substitution of wheat flour with coffee

silver skin flour as follows: A (100% wheat flour : 0% coffee silver skin flour), B (80%

wheat flour : 20% coffee silver skin flour), C (60% wheat flour : 40% coffee silver skin
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flour), D (40% wheat flour : 60% coffee silver skin flour), and E (20% wheat flour : 80%
coffee silver skin flour).

2.3. Research Stages

2.3.1. Preparation of Coffee Silver Skin Flour

The coffee silver skin was separated from the coffee beans, washed, and then sun-
dried for two hours. Then, the cleaned coffee silver skin was crushed or blended until
smooth then dried for four hours at 60 °C. After that, the dried material was ground
with a hammer mill and passed through a 60-mesh sieve size (PUSLITKOKA, 2006).

2.3.2. Biscuit Making

Butter, egg yolks, salt, and sugar were combined and stirred with a mixer until smooth,
then baking soda and flour were combined and blended until evenly distributed. After
thoroughly mixing Dough 1 and Dough 2, water was added, and the mixture was
churned until smooth. This dough was then shaped with a thickness of 3 mm and a
diameter of 3 cm. After placing the molds on a prepared baking sheet, they were baked
at 160 °C for 15 minutes (Wulandari, 2018).

2.4. Observation Variables

Observations were made on moisture, ash, protein, and fat (AOAC, 2005), then a
sensory test was conducted to see respondents' preferences for biscuits made from
coffee silver skin (Setyaningsih et al., 2014).

2.4.1. Analysis of Moisture Content Using Oven Method

Moisture content analysis is the process of measuring the amount of moisture present
in a substance or material. Weight loss due to water evaporation in materials dried in
an oven at 105 °C for 20 min was measured. Samples weighing 5 g were crushed and
then placed in a cup with a known weight that had been dried in an oven. The sample-
containing cup was sealed and baked for one hour at 105 °C. The cup is then placed in a
desiccator and weighed again (done until the weight is constant) (Andarwulan et al.,
2011).

Initial weight—Final weight
Initial weight

x 100% (1)

% Moisture content =

2.4.2. Analysis of Ash Content Using Dry Ignition Method

Ashes are an inorganic byproduct of combustion or the decomposition of organic
components with strong acids. This inorganic residue consists of numerous minerals
whose composition and quantity depend on the type of food heated to > 450 °C.
Approximately 5 g of mashed samples were weighed, placed in an ash cup, heated at
600 °C for one hour to create ash, cooled in a desiccator, and weighed (until constant
weight) (Andarwulan et al., 2011).

Ash weight (g)

% Ash content =
%o Sample weight (g)

x 100% (2)

2.4.3. Analysis of Protein Content using Micro Kjeldahl Method

Protein analysis aims to determine a substance's crude protein content. In protein
analysis, deconstruction, distillation, and titration are performed in many steps. As
many as 1 g of the sample was transferred to a 500 mL Kjeldahl flask and added with
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2.5 g of a combination of K,SO, and CuSO,4.5H,0 (1:1). Then, 15 mL of concentrated
H,SO, was added, followed by two to three hours of deconstruction until the color
turned transparent green. After that, 100 mL of distilled water was added and allowed
to cool, then 10 mL of 40% NaOH was added until a black color was formed. The flask
was then connected to the Kjeldahl flask on the distillation apparatus, accommodated
with an Erlenmeyer containing 10 mL of 0.1 N H,SO, standard, and 2-3 drops of hinge
indicator was added until the distillate volume reached 10 mL. The distillate was
titrated using 0.1 N HCI (Andarwulan et al., 2011).

The following formula is an equation used to determine protein content in a sample.
The letter A in the formula represents the volume of HCl solution used to neutralize the
ammonia produced during the sample protein digestion; B represents the volume of
HCI solution used to neutralize the control solution (without sample); N represents the
normality of the HCI solution; F represents the conversion factor used to convert the
total nitrogen found in the sample to the amount of protein; W represents the weight
of the sample in grams; and the number 14 refers to the average amount of nitrogen
(N) contained in each amino acid molecule in the protein.

(A—B)XNX14XF

Wx100 x 100% (3)

Protein content =

2.4.4. Fat Content Analysis using Soxhlet Method

The sample was dried at 50 °C for 15 minutes, weighed, placed in a filter paper sleeve,
extracted with n-hexane solution using soxhlet for 4 hours, and then dried at 105 °C for
3 hours. The substance was then placed in a desiccator for 15 minutes before being
weighed until the weight remained steady. The percentage of fat extracted is
proportional to the difference between the pre-and post-extraction sample weights
(Andarwulan et al., 2011).

Fat content = % x 100% (4)
where a and b are sample weights before and after extraction, respectively.

2.4.5. Sensory Test

The applied sensory test is a favorability test regarding a person's product evaluation
(Vivek et al., 2020). In this test, panelists were asked to evaluate the level of preference
for the flavor, aroma, and color of the cookies created. A total of 25 panelists
participated in this test by choosing the available scores based on their preferences.
Sensory value determination, namely the Hedonic Scale Criteria and Numeric Scale
with a range of Extremely dislike (1), Dislike (2), Somewhat dislike (3), Neither like nor
dislike (4), Somewhat like (5), Like (6), and Extremely like (7).

2.5. Data Analysis

The data collected from observations on moisture, ash, protein, and fat contents were
statistically analyzed using Analysis of Variance (ANOVA). Duncan's New Multiple Range
Test (DNMRT) was conducted at a significance level of 1% if the F value exceeded the F
table. Meanwhile, sensory analysis was performed by comparing the average scores
obtained from the panelists' scoring of the taste, aroma, and color of the biscuit.
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3. RESULTS AND DISCUSSION

In general, the results demonstrated that replacing wheat flour with coffee silver skin
flour significantly altered the quality characteristics of biscuits. Table 1 presents the
effect of wheat flour substitution with coffee silver skin flour on the observed
parameters.

Table 1. The effect of substituting wheat flour with coffee silver skin flour on the
parameters observed

Treatment Moisture Ash Protein Fat
(wheat flour : coffee silver skin flour) content content content content
(%) (%) (%) (%)
A=100% : 0% 1.31° 0.25° 18.50° 19.45°
B = 80% : 20% 2.70° 0.37° 16.60° 17.20°
C=60% : 40% 4.25¢ 0.43° 14.06° 15.65°
D = 40% : 60% 4.57° 0.48° 12.87° 13.35¢
E =20%:80% 6.05° 0.56° 10.25° 11.17°

Note: The numbers in the same column followed by different superscript lowercase letters indicate significant differ-
ences based on the DMRT test results at a significance level of 1%.

3.1. Moisture Content

The results indicate that an increase in the proportion of coffee silver skin flour
increases the biscuit's moisture content. This is consistent with the findings of Sitohang
et al. (2021), who found that the biscuits' moisture content increases in proportion to
the amount of coffee silver skin flour used. According to Costa et al. (2018), untreated
coffee silver skin contains 4.76% moisture content. Meanwhile, David et al. (2015)
reported that soft wheat flour has a lower moisture content than coffee silver skin,
with a value of 3.33%. The moisture content of biscuits in all treatments was evaluated
according to the quality standards outlined in SNI 2973-2011 for biscuits, which sets a
maximum moisture content of 5% (Wijaya & Aprianita, 2010). Analysis of the obtained
data indicates that all treatments met the quality standard except for treatment E.

3.2. Ash Content

Based on the results, increasing the proportion of coffee silver skin flour will increase
the ash content in the biscuits. Substituting coffee silver skin flour in biscuit production
alters the biscuits' ash content. This is because coffee silver skin flour contains more
ash than wheat flour. The ash content in this current study is lower than that in a study
by Ramadhan (2022), who made cookies from coffee silver skin with a 2% ash level.
According to Winarno (2002), the ash content of raw coffee silver skin flour was 0.73%,
while the ash content of pure wheat flour was 0.54%. According to SNI 2973-1992,
biscuits must have a maximum of 1.6% ash. Therefore, the ash content obtained in this
study satisfies this standard.

3.3. Protein Content

The protein level of the biscuits decreases when the percentage of coffee silver skin
flour increases. This is because coffee silver skin flour contains less protein than wheat
flour. This is consistent with studies by Sitohang et al. (2021), which reveal that biscuits
with a composition of 90% wheat flour and 10% coffee silver skin flour had the
maximum protein content. According to the study by Ocheme et al. (2017), pure wheat
flour contains 14.70% protein, while according to Wen et al. (2020), untreated coffee
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silver skin flour contains 14.62% protein. Although the protein value content is nearly
identical, wheat flour may contain protein levels that are not degraded by bacteria or
hydrolysis reactions (Joye, 2019). As a result, the final protein content will be higher in
a mixture that contains more wheat flour than a mixture with less wheat flour. The
protein content of the biscuits in this current study for all treatments met the SNI 2973
-2011 quality criteria.

3.4. Fat Content

The fat content of biscuits reduced as the percentage of coffee silver skin flour
increased. These findings are consistent with Sitohang et al. (2021), who found that fat
content decreased when coffee silver skin flour increased. This is because coffee silver
skin flour has a lower fat content than wheat flour. The fat percentage of coffee silver
skin flour is 1.07%, compared to 1.5% for wheat flour (Winarno, 2002). According to
the findings, all treatments of the biscuits produced in the current study met the
quality standards set by SNI 2973-2011, which requires the fat content to be less than
20%.

Sensory Score*
=

A (100:0) B (80:20) C (60:40) D (40:60) E (20:80)
Treatment
(%wheat flour:%coffee silver skin flour)

Figure 1. Sensory test results. (Note: *the displayed sensory score is the average
score from the panelists for 3 indicators, namely flavor, aroma, and color)

3.5. Sensory Test (Flavor, Aroma, and Color)

The results of the sensory test show that as the percentage of coffee silver skin flour
increases, the biscuits' sensory values (taste, aroma, and color) decrease. Based on
Figure 1, the highest sensory score was obtained in the treatment using 100% wheat
flour and 0% coffee silver skin flour, which was 6.73. This is due to the Maillard
reaction, which imparts biscuits with a brownish flavor, aroma, and color. The Maillard
process is a non-enzymatic browning reaction caused by the reaction of reducing
sugars with the amine groups of amino acids or proteins. In agreement with Hustiany
(2016) assertion regarding food ingredients, the Maillard reaction can lead to aroma
formation and caramelization. In addition, the presence of caffeine and tannin in the
coffee silver skin results in a bitter flavor and strong aroma. This may not be suitable
for certain consumers who do not prefer these characteristics in their food products. It
may be beneficial to conduct further research into alternative methods for enhancing
the aroma of food products without introducing unwanted bitter flavors or strong
aromas. This could potentially lead to the development of new and innovative
techniques that enhance aroma without compromising on flavor.
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4. CONCLUSION

According to the study's results on the quality characteristics of biscuits made with
coffee silver skin flour, substituting wheat flour with various coffee silver skin flour has
a considerably different effect on the moisture, ash, protein, and fat contents. In
addition, treatment A (100% wheat flour : 0% coffee silver skin flour) shows the most
optimum sensory value compare to other treatments. Based on moisture, ash, protein,
and fat contents, all treatments satisfy SNI 2973-2011 quality criteria for biscuits,
except treatment E (0% wheat flour : 100% coffee silver skin flour). However, the
sensory test results indicate that panelists did not prefer the addition of coffee silver
skin flour due to its bitter aroma. Therefore, exploring the use of masking agents may
be a potential approach to address this issue. Future research could investigate the
effectiveness of natural masking agents like herbs, spices, or fruits, or artificial masking
agents like modified starches or gums, in reducing the bitter flavor and enhancing the
overall flavor profile of biscuits made with coffee silver skin flour.
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