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ABSTRACT
Banana peel had the potential to be used as analog coffee. The sensory of
analog coffee will determine consumer acceptance and potential for
production. This research aims to study the effect of banana peel maturity
and the length of the oven on the sensory characteristics of banana peel
analog coffee. Ripe and unripe Kepok banana peels were dried and then
baked in the oven with time variations of 5, 10, and 15 minutes/ 50 gram.
Then it was reduced in size and sieved with 60 mesh. The sensory test was
used hedonic were performed by untrained panelists and descriptive
methods were performed by the first training panelists. The results were
showed that the panelists' preference towards color and aroma of analog
coffee powder increased with the length of baking time. The preference for
ripe banana peel analog coffee was greater than that of unripe banana
peel. The panelists' preference for the color, aroma, and taste of brewed
analog coffee was increased with longer baking time. The flavor of brewed
analog coffee of ripe banana peel was stronger than that of the unripe peel.
The most preferred banana peel coffee was ripe banana peel baked at
180°C for 15 minutes. It was showed characteristics of darker color and a
stronger aroma of coffee powder. The most preferred brewing analog
coffee was that with the darkest color, the coffee's strongest aroma, and the
strongest bitter taste.
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INTRODUCTION

Banana peels constitute 30% of the inedible
portion (Gonzélez-montelongo et al. 2010). This
part is generally only thrown in the trash. Whereas
in industries that process bananas, the peel is
usually collected and taken by farmers to be used
as feed. This is a challenge to develop banana
peels into food products.

Banana peels have been made into analog
coffee by using peel from ripe and unripe bananas
(Mentari et al., 2019; Sofa et al. 2019). Making
analog coffee consists of reducing the size of the
peel, drying, curing, grinding, and sieving. Banana
peel coffee is proven to contain phenol antioxidant
compounds and has antioxidant activity, as
evidenced by testing with DPPH radical
compounds (Mentari et al. 2019).

Therefore, banana peel coffee has the
potential to be developed and developed on a
production scale. But a product is worth trading if
consumers like it (Sidel & Stone 1993). The role
of consumers is very important in testing product
acceptance in the market (Costa & Jongen 2006).
This research aims to study the consumer
preference characteristics represented by panelists
on banana peel coffee. It also to explore the
descriptive profile of banana peel coffee.

METHODS
Materials and Tools

The main ingredients were used Kepok
banana peel (unripe and ripe) obtained from
Karangawen, Demak, Central Java. Material for
sensory analysis was used drinking water and
standards for descriptive testing. The tools were
used cabinet dryer, blender, 60 mesh sieve, shot
glass.

Experiment Design and Data Analysis

The research design was used a randomized
factorial design, with the first factor being the
difference in the level of fruit maturity that was
unripe and ripe. The second factor was 5, 10, and
15 minutes of oven. Hedonic data were analyzed
using Anova, while comprehensive data were
analyzed using Pearson product-moment. Both of
these were analyzed using SPSS 16 software.

Banana Peel Preparation
Kepok banana peel was separated from the

fruit flesh. Then it was reduced in size (2 x 2 cm)
and spread in a pan. Furthermore, it was dried in a
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cabinet dryer at 60°C for 24 hours. The dried
sample was stored in airtight plastic to the
treatment stage.

Making Banana Peel Coffee

Fifty grams of dried banana peels were baked
in an oven at 180 °C for 5, 10, and 15 minutes. The
sample was mashed with a dry blender,
furthermore, sieved with a 60 mesh sieve. The
analog coffee sample powder was stored in
aluminum foil packaging until analysis.

Sensory Hedonic Analysis

Consumer preference was assessed by the
hedonic method. The number of panelists were
used was 25 people. The criteria of the panelists
chosen were not trained. The panel was asked to
rate the favorite score of banana peel coffee
powder on the color and aroma parameters. While
brewing coffee was assessed on the parameters of
color, aroma, taste, and overall. Scores used were
1-6, were 1 (very dislike) - 6 (very like).
Sensory Descriptive Analysis

Profile description of coffee powder and
brewing of banana peel were analyzed with
descriptive method. Twenty-five panelists were
trained and introduced to the standards and
intensity of each parameter. After the panelists
were familiar with all the assessment attributes, a
profile of coffee powder and coffee brewing was
tested. The intensity scale ranged from 1-10. The
assessment parameters of the powder consisted of
coffee aroma, banana aroma, caramel aroma, and
dark color. While the brewing parameters tested
consisted of banana aroma, caramel aroma, coffee
aroma, bitter taste, sweet taste, astringent taste,
sour taste, and dark color.

RESULTS AND DISCUSSION
Sensory Hedonic Characteristics

The hedonic test was carried out on banana
peel coffee powder. This test was intended to
determine the level of preference of panelists
towards banana peel coffee powder. The
difference in the level of maturity and length of the
oven had a significant influence on the hedonic
score of the coffee powders of banana peels in
several treatments (Figure 1). Coffee was derived
from unripe banana peels shows the panelists'
preference for powder colors that were
significantly different from coffee from ripe
banana peels. The duration of the oven processing
of unripe banana peel did not have a significantly
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different effect on panelists' preference for the
color of coffee powders. This was different from
coffee from the ripe banana peel, which showed
the panelists' liking score of the powder color,
which was significantly different from the
difference in oven duration. Panelists said they
preferred the color of coffee produced from ripe
banana peels.

The color of the dried banana peel will turn
light to dark brown during 5 minutes and 10
minutes oven respectively. In contrast, a 15-
minute oven produces dark brown powder. This
change in color to brown and dark is due to non-
enzymatic browning. Maillard and caramelization
reactions occur during curing at high
temperatures. Banana peels contain reducing
sugars such as glucose, fructose, and maltose
(Chandraju et al. 2011). The total sugar content is
29%. Glucose content is 2.4%, fructose 6.2%, and
sucrose 2.6% (Mohapatra et al. 2010).

Meanwhile, according to Emaga et al.
(2007), sugar content in ripe banana peel does not
contain sucrose but contains 15% glucose and
26% fructose. Banana peels contain 38% free
sugar (Emaga et al. 2011). The protein content in
banana peels is 1.8%. The dominant amino acid
content in banana peels includes Leucine, Valine,
Phenylalanine, and Threonine. Total amino acids
range from 4.3% to 8.1% (Emaga et al. 2007). The
sugar and amino acids in banana peels are a
precursor of the Maillard reaction and
caramelization. Maillard's reaction occurs because
of the reaction between reducing sugars and amino
acids at high temperatures. In contrast,
caramelization occurs in total sugar at high
temperatures. Both of these reactions produce
brown compounds. Maillard's reaction produces
melanoidin, which has a high molecular weight,
which causes brown and dark colors (Coghe et al.
2006). Increasing the temperature and the longer
the heating will cause the formation of compounds
5-(hydroxymethyl)-2-furfural (HMF) more and
more. HMF will condense and form high
molecular weight polymers that make a brown
color called melanoidin (Agila & Barringer 2012).
Caramelization  produces brown  polymer
compounds (Ajandouz et al. 2001). Warming
sugar at high temperatures will cause the sugar to
melt to form a dark brown viscous liquid called
caramel. Caramelization involves the formation of
glucose and fructose anhydrides, which will
condense into caramelan and caramelan. These
two compounds will condense to form humin or
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caramelin (Narasimman & Prabhakaran 2012);
Aradjo et al. 2019).

The difference in the level of maturity of the
banana peel caused the panelists' favorite score for
the aroma of coffee powder to be significantly
different in the oven lengths of 10 and 15 minutes
(Figure 2). The size of the oven showed no
significant difference in the score of coffee
powder flavor. Panelists prefer the aroma of coffee
powders produced from ripe banana peels.

The aroma of banana peel coffee was formed
during the oven process. Maillard and
caramelization reactions occur at the oven
temperature and produce volatile compounds that
contribute to the scent of the coffee powders
produced. Maillard reactions will produce volatile
compounds such as furans, pyrazines, pyrroles,
oxazoles, thiophenes, thiazoles, and other
heterocyclic compounds that contribute to the
aroma (Mottram 1994; Yanagimoto et al. 2002).
The furan-2-carbaldehyde (furfural) compound
describes an almond-like scent. The 4-hydroxy-5-
methyl furan-3-one (HMF) compound contributes
to the sweet aroma (Lee et al. 2010). The 2-
isobutylpyrazine compound contributes to the
aroma of pepper. The 1H-pyrrole-2-carboxylic
acid compound contributes to the roast aroma. The
4-butyl-2,5-dimethylthiazole compound
contributes to the aroma of fry (Zou et al. 2019).
Pyrazine compounds contribute to the aroma of
roasted and nutty (Vazquez-Aratjo et al. 2009). In
contrast, the caramelization reaction produces
volatile compounds such as furan moieties and
carbonyl groups (Tomasik & Jane 1995).

Coffee brewing was made by dissolving 5
grams of coffee powder into 100 ml of water at
95°C, then stirring and filtering. Brewing was
tested at warm, serving temperatures to the
panelists. Panelists favor of brewing banana peel
coffee was tested on the parameters of color,
aroma, taste, and overall brewing (Figure 3). The
difference in the level of maturity caused the
panelists to give a significantly different
preference score for the color of the brewed coffee
brew (Figure 3A). The length of the oven had a
significantly different effect on panelists'
preference for the color of brewed banana coffee
brewing, while on raw brewed coffee, brewing
was not significantly different. Panelists tended to
like the color of brewed coffee from an unripe
banana peel.
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The panelists' preference for the aroma of
coffee brewing was not significantly different at
different levels of maturity (Figure 3B). The
length of time of the oven has a tendency not to
cause any real difference to the panelists'
preference for the aroma of brewing banana peel
coffee. Even so, panelists tend to like the aroma of
brewing banana peel coffee brewing compared to
unripe banana peel coffee brewing.

The difference in the level of maturity did not
have a significantly different effect on panelists'
preference for the taste of brewing banana peel
coffee (Figure 3C). The length of time of the oven
has a tendency not to cause a noticeable difference
in the panelists' preference for the taste of coffee
brewed unripe and ripe bananas. Even so, the
score of the sweetness taste of brewed banana peel
coffee brewing tends to be higher than that of
unripe banana peel coffee brewing. This shows
that panelists prefer the taste of ripe banana peel
coffee.

Overall, panelists assessed that preference
for brewed and unripe banana peel coffee was not
significantly different (Figure 3D). Differences in
the level of maturity and length of covenants tend
not to cause statistical differences in preference.
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However, the panelists' preference scores tend to
be higher than brewed banana peel coffee brew
than unripe ones. This means that coffee brewed
on a ripe banana peel is preferred by panelists.

Powder Sensory Descriptive
Characteristics

The descriptive profile of banana peel analog
coffee was showed by a descriptive test with
trained panelists. Banana peel analog coffee
powder has a sensory profile shown in the
parameters of color and aroma (Figure 5). The
descriptive profile of unripe banana peel coffee
powder has a not too dark brown color (Figure 4).
Whereas ripe banana peel analog coffee powders
tend to have a darker color. Sugar content such as
sucrose and reducing sugar in ripe banana peels
may be higher than unripe bananas (Emaga et al.
2007). Sucrose and reducing sugar will undergo
caramelization at the oven temperature above
180°C. On the other hand, reducing sugars will
react with amino acids contained in the peel so that
the Maillard reaction occurs, which produces
melanoidin brown. Besides carbon compounds
such as cellulose that make up ripe banana peels
will undergo pyrolysis at high temperatures so that
the color becomes blackish.
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Figure 1 A panelist's preference for the color of banana peel coffee powders. Different notation shows significant
difference at o.= 0.05. Values are the mean of 25 panelists (n = 25). Preference score 1 (very dislike) - 6 (very
like).
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Figure 2 A panelist's preference for the aroma of coffee powders in a banana peel. Different notation shows
significant difference at a = 0.05. Values are the mean of 25 panelists (n = 25). Preference score 1 (very dislike)
- 6 (very like).
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Figure 3 A panelist's preference for brewing banana peel coffee. (A) The color of brewing, (B) The aroma of
brewing, (C) The taste of brewing, (D) Overall brewing. Different notation shows significant difference at o=
0.05. Values are the mean of 25 panelists (n = 25). Preference score 1 (very dislike) - 6 (very like).

The longer oven time causes the coffee color
to darken. This is related to the internal
temperature of the material, which increases with
the time of the oven. The longer the temperature
was exposed to the material, will cause thermal
degradation so that the caramelization reaction,
the Maillard reaction, and pyrolysis occur more
intensely. The result will cause brown and dark
colors to increase in intensity.

The aroma of coffee was increased in
intensity with a longer time of oven on ripe banana
peels. Many of the coffee's volatile aroma
compounds can form from the Maillard reaction
process and caramelization on ripe banana peels.
The aroma of bananas tends to be non-dominant
and slightly decreases in intensity with more
extended curing. In contrast, the aroma of caramel
tends to be stable.

Brewed Sensory Descriptive
Characteristics

Descriptive profiles of banana peel coffee
brewing were showed in the parameters of color,
aroma, and flavor of the brewing (Figure 6). The
profile of brewing analog coffee of unripe banana
peels shows that the longer the curing causes the
brewing color to darken (Figure 6a). Besides, the
longer oven produces the aroma of caramel and

the aroma of coffee to increase. The scent of a
banana tends not to change.

Ripe coffee brewing profile showed that the
longer the oven time, the darker the brewing color
(Figure 6b). The dark color appears to have a
higher dark intensity than brewing from raw
banana peels (Figure 7). This is possible because
of the amount of melanoidin, caramelan,
caramelen, and carbon compounds that burn more
in ripe banana peel coffee. Mature banana peels
contain more non-enzymatic browning precursor
compounds such as sugar and amino acids. The
aroma profile of coffee increases in intensity with
the length of time of the oven. This was made
possible by the longer oven causing more coffee
aroma formation reactions to occur to produce
more volatile coffee aroma compounds. The bitter
taste profile of coffee was increased with the
length of time of the oven. This is possible because
of the intensive reaction of the degradation of
components in a banana peel during covenant,
which results in an increased bitter taste.

The brewing process was carried out by
dissolving as much as 5 grams of coffee in 200 ml
of hot water. The brewing process will dissolve the
water-soluble compounds and will leave insoluble
compounds such as pulp. The colored compounds
will dissolve, causing the brewing color to become
more concentrated and dark (Figure 7). Brewing
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will increase the aroma of brewing because it is
evaporated with water that evaporates at high
temperatures. Besides, volatile aroma compounds
will evaporate at high temperatures when brewed
with hot water.

Correlation of Sensory, Physical and
Chemical Properties

The relationship between various parameters
as indicated by the Pearson correlation value
(Table 1). The results of correlation analysis
showed the relationship between hedonic powder
scores and coffee brewed banana peels showed a
significant and robust closeness in all parameters,
except for the taste parameters. This was indicated
by the coefficient value that is close to one. The
coefficient value shows a positive value, which
means the close relationship between the two is
synergistic. If the hedonic powder score increases,
the brewing hedonic score also increases and vice
versa.

The relationship between hedonic powder
with a descriptive profile of dark color and the
aroma of coffee powder showed very closely and
significantly. The relationship has a positive
relationship. This can be interpreted as increasing
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the intensity of dark colors and the aroma of coffee
powder. The hedonic score will also increase.

The relationship between hedonic brewing
with a descriptive profile of dark colors, coffee
aroma, bitter taste, and brewing sour taste showed
very closely and significantly. This was indicated
by the coefficient value that is close to one. The
close relationship between the two was showed by
the positive coefficient value, which means the
increasing intensity of dark colors, coffee aroma,
bitter taste, and a sour taste in brewing, hedonic
brewing scores will also increase.

The relationship between the content of
phenol compounds with hedonic brewing colors,
hedonic colors and powder aroma, descriptive
profiles of color and powder aroma, descriptive
profiles of dark colors, and caramel aroma showed
very close and significant. The closeness was
indicated by a positive coefficient value. This
showed that if the phenol compound content
increases, it causes hedonic brewing color,

hedonic color, and powder aroma, descriptive
color profile and powder aroma, descriptive color
profile dark, and caramel brewing aroma will also
increase.

Figure 4 Banana peel coffee powder. R (ripe banana peel), UR (unripe banana peel), 5,10,15 (minutes of the
oven)

(A) D‘:rk Color

Coffee Aroma v 0

Caramel Aroma

—o—Raw5 =-<o--Raw10 =-A-Rawl5

e
\J
/-
N or. Y 2
L2 Banana Aroma Coffee Aroma A= A
RN /

(B) Dark Color
10

8 A
173
/y' ‘\.

Banana Aroma

Caramel Aroma

—o—Ripe5 =-<~-Ripel0 =A-Ripels

Figure 5 Sensory profile of banana peel coffee powder. (A) Unripe banana peel coffee powder, (B) Ripe banana
peel coffee powder, Value is the average of 25 panelists (n = 25).
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Figure 6 Sensory profile of brewing banana peel coffee. (A) Brewing of unripe banana peel coffee, (B) Brewing
of ripe banana peel coffee. Value is the average of 25 panelists (n = 25).

Figure 7 Coffee brewed banana peel. R (ripe banana peel), UR (unripe banana peel), 5,10,15 (minutes of the
oven).

CONCLUSION

The treatment that had the highest level of
preference based on the hedonic test was oven
banana peel coffee at 180°C for 15 minutes. This
treatment powder profile had the darkest color, the
strongest coffee aroma, the aroma of banana and
caramel the same as other treatments. The brewing
profile of this treatment had the darkest color, the
strongest coffee aroma, and the bitter taste most
felt compared to other treatments.
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Table 1. Pearson Correlation Values

Color Aroma Taste Overall Color Aroma Dark Banana  Caramel  Coffee Dark Banana Caramel Coffee Bitter Sweet Astringent  Sour Total 1Cso Moisture  Ash

Brewing Brewing Brewing Brewing Powder Powder Color Aroma Aroma Aroma Color Aroma Aroma Aroma Taste Taste Taste Taste Phenol Content Content

Hedonic Hedonic Hedonic Hedonic Hedonic Hedonic Powder Powder Powder Powder Brewing Brewing Brewing Brewing Brewing Brewing Brewing Brewing
Co(lj(::)rnic Brewing 1 0.888* 0.753 0.909* 0.996** 0.978** 0.996** -0.633 0.498 0.953** 0.987** -0.513 0.807 0.897* 0.903* 0.071 -0.58 0.923** 0.940** -0.63 -0.443 0.494
:Z()jma_ Brewing  0.888* 1 0.888* 0.893* 0.853* 0.899* 0.860* -0.226 0.14 0.955**  0.928** -0.373 0.555 0.960** 0.951** -0.251 -0.541 0.966** 0.722 -0.343 -0.553 0.235
:%anc Brewing 0.753 0.888* 1 0.822* 0.703 0.791 0.695 -0.033 0.23 0.882* 0.762 -0.552 0.548 0.834* 0.805 -0.182 -0.344 0.941** 0.622 -0.192 -0.17 0.447
g\elgfar:;c Brewing  0.909* 0.893* 0.822* 1 0.902* 0.879* 0.874* -0.371 0.314 0.957**  0.880* -0.288 0.555 0.941** 0.902* 0.066 -0.5 0.910* 0.743 -0.255 -0.333 0.322
gzl(frnfc Powder 0.996** 0.853* 0.703 0.902* 1 0.964** 0.997** -0.685 0.522 0.934** 0.975** -0.484 0.809 0.878* 0.884* 0.118 -0.574 0.891* 0.944** -0.643 -0.437 0.491
:?%;T;C Powder ~ 0.978** 0.899* 0.791 0.879* 0.964** 1 0.968**  -0.558 0.543 0.926**  0.976** -0.609 0.783 0.852* 0.848* 0.122 -0.695 0.928** 0.938**  -0.628 -0.368 0.553
g:rszzlor Powder 0.996** 0.860* 0.695 0.874* 0.997** 0.968** 1 -0.689 0.51 0.927** 0.985** -0.505 0.824* 0.871* 0.885* 0.078 -0.584 0.891* 0.952** -0.684 -0.478 0.486
Bana:jna Aroma  -0.633 -0.226 -0.033 -0.371 -0.685 -0.558 -0.689 1 -0.715 -0.403 -0.569 0.395 -0.776 -0.304 -0.354 -0.428 0.335 -0.317 -0.781 0.844*  0.22 -0.53
(P:(;‘r/;rsgl Aroma 0.498 0.14 0.23 0.314 0.522 0.543 0.51 -0.715 1 0.301 0.402 -0.774 0.727 0.099 0.095 0.763 -0.462 0.313 0.725 -0.677 0.397 0.919**
zz:/fgzr Aroma  0.953** 0.955** 0.882* 0.957** 0.934** 0.926** 0.927**  -0.403 0.301 1 0.950** -0.423 0.692 0.976** 0.968** -0.115 -0.445 0.982** 0.816* -0.415 -0.449 0.379
PD(;‘:{( zrolor Brewing 0.987** 0.928** 0.762 0.880* 0.975** 0.976** 0.985** -0.569 0.402 0.950** 1 -0.491 0.77 0.912* 0.925** -0.045 -0.605 0.933** 0.912* -0.629 -0.545 0.415
Banana Aroma  -0.513 -0.373 -0.552 -0.288 -0.484 -0.609 -0.505 0.395 -0.774 -0.423 -0.491 1 -0.791 -0.231 -0.252 -0.269 0.364 -0.535 -0.706 0.687 -0.245 -
Brewing 0.929**
Caramel Aroma  0.807 0.555 0.548 0.555 0.809 0.783 0.824* -0.776 0.727 0.692 0.77 -0.791 1 0.553 0.605 0.143 -0.289 0.702 0.928** - -0.174 0.793
Brewing 0.874*
g?eﬁv\(leieng Aroma  0.897* 0.960** 0.834* 0.941** 0.878* 0.852* 0.871* -0.304 0.099 0.976**  0.912* -0.231 0.553 1 0.992** -0.255 -0.392 0.941** 0.701 -0.293 -0.582 0.167
Bitter Taste  0.903* 0.951** 0.805 0.902* 0.884* 0.848* 0.885* -0.354 0.095 0.968**  0.925** -0.252 0.605 0.992** 1 -0.313 -0.355 0.934** 0.724 -0.372 -0.643 0171
E\:::;ng Taste  0.071 -0.251 -0.182 0.066 0.118 0.122 0.078 -0.428 0.763 -0.115 -0.045 -0.269 0.143 -0.255 -0.313 1 -0.425 -0.151 0.247 -0.172 0.627 0.525

rewin

As?rir_\ggnt Taste  -0.58 -0.541 -0.344 -0.5 -0.574 -0.695 -0.584 0.335 -0.462 -0.445 -0.605 0.364 -0.289 -0.392 -0.355 -0.425 1 -0.459 -0.589 0.402 0.192 -0.292
S(;ivr‘,;?z?ste Brewing 0.923** 0.966** 0.941** 0.910* 0.891* 0.928** 0.891* -0.317 0.313 0.982**  0.933** -0.535 0.702 0.941** 0.934** -0.151 -0.459 1 0.806 -0.423 -0.391 0.445
Total Phenol 0.940** 0.722 0.622 0.743 0.944** 0.938** 0.952** -0.781 0.725 0.816* 0.912* -0.706 0.928** 0.701 0.724 0.247 -0.589 0.806 1 E)82 . -0.279 0.705
ICs0 -0.63 -0.343 -0.192 -0.255 -0.643 -0.628 -0.684 0.844* -0.677 -0.415 -0.629 0.687 -0.874* -0.293 -0.372 -0.172 0.402 -0.423 -0.824* 1‘ ) 0.297 -0.635
Moisture Content -0.443 -0.553 -0.17 -0.333 -0.437 -0.368 -0.478 0.22 0.397 -0.449 -0.545 -0.245 -0.174 -0.582 -0.643 0.627 0.192 -0.391 -0.279 0.297 1 0.433
Ash Content 0.494 0.235 0.447 0.322 0.491 0.553 0.486 -0.53 0.919**  0.379 0.415 0 - 0.793 0.167 0.171 0.525 -0.292 0.445 0.705 -0.635 0.433 1

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed)
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