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Abstract: Coffee pulp, mucilage, and beans with mucilage were used to develop alcoholic bever-
ages. The pulp of 45.3% pulp, 54.7% mucilage with seed, and 9.4% mucilage only were obtained
during the wet processing of coffee. Musts were prepared for all to TSS (Total soluble solid) 18 °Bx
and fermentation was carried out for 12-16 days until TSS decreased to 5 °Bx at 30 °C. Phenolic
characteristics, chromatic structures, chemical parameters, and sensory characteristics were ana-
lyzed for the prepared alcoholic beverages. Methanol content, ester content, aldehyde, alcohol, total
acidity, caffeine, polyphenols, flavonoids, chromatic structure, and hue of the alcoholic beverage
from the pulp was 335 mg/L, 70.58 ppm, 9.15 ppm, 8.86 ABV%, 0.41%, 30.94 ppm, 845.7 mg GAE/g
dry extract, 440.7 mg QE/g dry extract, 0.41, and 1.71, respectively. An alcoholic beverage from the
pulp was found superior to an alcoholic beverage from mucilage with beans and a beverage from
mucilage in sensory analysis. There is the possibility of developing fermented alcoholic beverages
from coffee pulp and mucilage. However, further research is necessary for quality of the beans that
were obtained from the fermentation with the mucilage.

Keywords: coffee pulp and mucilage; mucilage with beans; alcoholic beverage; sensory analysis

1. Introduction

Recently, the global demand for ethanol has been steadily increasing. The global eth-
anol production was about 90 billion liters in 2013 and increased to 115 billion liters in
2019 [1]. The global output of ethanol in 2020 was strongly impacted by the Covid-19 crisis
and dropped to 98 billion liters; however, the production is anticipated to a gradual in-
crease by 2021 [2]. Sugarcane is the readily used plant for ethanol production. However,
the demand for obtaining ethanol could not be achieved from sugarcane alone due to its
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cost and because raw materials are restricted to areas with special soil for it [3]. In order
to meet the ethanol production demand, alternative materials should be explored to re-
duce the burden in sugarcane.

Coffee drink, obtained from the coffee plant (Coffea arabica L.), is one of the most com-
monly consumed beverages in the world. It is the second most traded commodity after
oil, and due to the demand for this product, large amounts of waste are generated [3]. The
coffee bean is a naturally fruiting cherry mainly composed of hard dicotyledon seed cov-
ered by silver-skin, parchment, mucilage, and pulp. Coffee pulp constitutes 29-50% of the
dry weight of the cherry, which is obtained during wet processing of coffee [4-7]. The
covering materials are removed during processing [8]. Pulp and mucilage, being relatively
rich in sugars, are used for microbial growth. For example, Aspergillus niger was used for
solid-state fermentation of coffee pulp [9]. Bacillus cereus, Bacillus megaterium, Bacillus sub-
tilis, Candida parapsilosis, Pichia caribbica, Pichia guilliermondii and Saccharomyces cerevisiae
were used as a potential starter culture for enhancing the coffee fermentation process [10].

Coffee pulp has been used for the extraction of caffeine, protein, pectic enzymes, fer-
tilizers, biogas, and coffee pulp molasses [5,11]. Mucilage is rich in both simple and com-
plex sugars [5], which can be used in fermentation. Few studies have been conducted for
producing ethanol from a mixture of coffee pulp and mucilage. For example, the ethanol
yield was reported to be equivalent to 77.29% of the theoretical yield (an ethanol yield of
25.44 kg/m3, resulting from the 64.40 kg/m? of total sugars) from a mixture of coffee pulp
and mucilage, commercial baker’s yeast, and panela [12], which showed that the produc-
tion of ethanol is viable in small coffee farms using readily available raw materials. Orrego
et al. achieved bioethanol yield of more than 90% of theoretical yield from coffee mucilage
[13]. However, alcoholic fermentation of byproducts of coffee, such as coffee pulp and
mucilage, has rarely been studied. This study utilizes coffee waste during processing, i.e.,
coffee pulp and mucilage, for the production of alcohol.

Having high sugar content (2.6-31.26 gL), the Ethiopian coffee pulp has found to
produce 7.4 gL ethanol [14]. It has been reported that the bioethanol yield was found to
be 0.46 g/g of sugar in wet coffee pulp [15]. In addition, coffee pulp is a good source of
natural antioxidant and it contains hydroxycinnamic acids (chlorogenic, caffeic, and feru-
lic acid) [16]. Coffee pulp is one of the food wastes which cause environmental problems.
In order to reduce its environmental impacts, several types of studies are focused on the
extraction of active ingredient and its utilization as animal feed or compost. A non-fer-
mented drink known as Kisher is produced in Yemen and Somalia from ripe fruit berries.
Coffee pulp is also used for the production of a beverage called cascara (also called coffee
cherry tea) due to its bioactive components [17]. Mucilage and pulp from processed coffee
were used in ethanol production in Rwanda [18]. It has been reported that dry white wine
has been produced from coffee pulp in Central America [19]. Even though it contains sev-
eral beneficial compounds such as minerals, amino acids, polyphenols, and caffeine [16],
there are limited works on utilizing coffee pulps and mucilage for human consumption.
The alcohol produced from a biological way by fermentation of sugars can be a strong
candidate for replacing fossil fuels, and are advantageous for their purity, renewability,
have a more complete combustion and less waste [20]. In addition, coffee pulp and muci-
lage can be the new valuable, cost-efficient, and eco-friendly raw material for the beverage
industry. Therefore, this study aims to utilize the pulp and mucilage from wet processing
of coffee in preparing a fermented alcoholic beverage instead of leaving them as waste.

2. Materials and Methods
2.1. Raw Material Collection

Ripe coffee cherries (Coffea arabica L.) were collected from the Bhirgaun, Dhankuta,
Nepal (27°01'12.8” N 87°21'48.3” E, elevation of 1269.0 masl (meters above sea level)). Cof-
fee cherries were harvested from 7:00 AM to 8:00 AM, packaged in porous polyethylene
bags, and transported to lab of the Central Campus of Technology, Dharan, Nepal. Five
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hours after the harvest, pulping and de-mucilizing was carried out. Sugar and wine yeast
Saccharomyces cereviseae [ex bayanus], Lalvin EC-1118, Canada) was obtained from the lab
of the Central Campus of Technology.

2.2. Preparation for Fermentation

Ripe coffee cherries were processed for preparing the must for fermentation (Figure
1). After rejecting the off standards and degraded coffee by flotation technique, coffee
pulping was done by using a coffee pulper (Total Machinery, Teku, 10 kg hand pulper)
and byproducts of coffee (pulp and mucilage) were treated for fermentation, coded AP
for pulp, AM for mucilage, and AMS for mucilage with beans. In brief, 45.3% of the pulp
and beans, along with mucilage 54.7% and 9.4% of the mucilage only was obtained during
processing which was similar to experiments of Costa Rica [5].
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Figure 1. Flowchart for (a) mucilage extract alcoholic beverage (AM), (b) mucilage with seed alco-
holic beverage (AMS), and (c) pulp alcoholic beverage.

For fermentation, three types of preparations were done (Figure 1): (i) AP: The pulp
with TSS (total soluble solids) 18 °Bx was kept in a fermenting glass. Only 3-4% juice was
obtained. So, distilled water was added to cover all the pulp where TSS decreased to 4
°Bx. (ii) AMS: After pulping, the beans with the mucilage (TSS 15 °Bx) were collected in
the clean and hygienic bucket. Distilled water at 20 °C was added to beans that were kept
in fermenting glass jar. (iii) AM: Rapid rubbing by hand for 15-20 min was done to extract
the mucilage (TSS 15 °Bx) from beans. For all three preparations, sterilization was done in
a water bath at 65 °C for 15-20 min before maintaining the TSS. Distilled water was added
to cover mucilage where TSS decreased to 9 °Bx. The TSS was raised to 18 °Bx for all musts
before fermentation. The must (100 mL) was taken and heated to lukewarm temperature
(3540 °C). Wine yeast (Saccharomyces cerevisiae) at the rate of 0.25 g dry yeast/L of must
was added. It was stirred until the effervescence of CO:z appeared. Then pitching was car-
ried out. The musts were fermented in separate bottles fitted with air-locked corks until
the TSS reached 5 °Bx. After the completion of fermentation, fermented juices for each
sample were separated from the residues and table sugar was added to 10 °Bx for flavor-
ing purposes. The beverages were allowed to settle for 2 days, siphoned through sterilized
polyethylene pipes in clean sterilized bottles and pasteurized in a water bath at 65 °C for
15-20 min [21]. AP, AM, and AMS were aged at 4 °C for 15 days before analyses of chem-
ical and sensory parameters.

2.3. Extraction of Phytochemicals

Phytochemicals from pulp and mucilage were extracted by using methanol with
slight modification as described by Gerumu et. al. [22]. Ten grams of samples was steeped
in 100 mL of 80% methanol at 65 °C for 10 min. Then it was cooled to room temperature
and homogenized for 3 min using a grinder. Subsequently, it was filtered using Whatman
no. 41 filter paper and the residue was re-extracted following the above procedure. The
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extract was stored in a screw-capped bottle at 4 + 2 °C until analysis. Ten milliliters of
extract were evaporated, dried at 80 °C, and the residue was weighed to know its concen-
tration.

2.4. Analytical Methods

Proximate analysis of raw materials was carried out in triplicate. Standard AOAC
methods: (AOAC 935.29) for moisture content, (AOAC 922.06) for crude fat, (AOAC
992.23) for crude protein, (AOAC 923.03) for total ash, and (AOAC 962.09) for crude fiber
were used. The TSS was analyzed by a hand refractometer (model WYT-32, Zhongyou,
Fujian, China). It was calibrated to give the concentration of total soluble solids in °Brix at
a standard temperature of 20 °C. A digital pH meter (Japsin Industrial Instrumentation,
New Delhi, India) was used to analyze pH.

2.4.1. Alcohol Content and Total Dry Extract

The distillate of the beverage was taken in the specific gravity bottle and its temper-
ature was measured, then the distillate was completely filled in the bottle and the weight
was measured for further calculations as per FSSAI manual for methods of analysis of
alcoholic beverages [23]. Briefly, 100 mL of the alcoholic drink was taken in the dried tared
beaker and evaporated in a water bath. After wiping the external sides of the beaker, it
was kept in a hot-air oven at 100 £ 5 °C for 1-2 h. The weight of the beaker was taken after
cooling in the desiccator. The experiment was continued until the constant weight was
obtained, and calculation was done as per FSSAI manual for methods of analysis of alco-
holic beverages [23].

2.4.2. Methanol Content

Methanol in each sample was determined by the chromotropic acid spectrophoto-
metric method [23]. Stock solution of methanol was prepared by diluting 1.0 g methanol
(99.99% pure) to 100 mL with 40% (v/v) ethanol (methanol free). Again, 10 mL of this so-
lution was diluted to 100 mL with 40% ethanol. From the stock solution, methanol con-
centrations of 20, 40, 60, 80, and 100 ppm were obtained by diluting with 40% ethanol. A
distilled sample (1 mL) was diluted to 5 mL with distilled water and shaken well. One mL
of this solution, 1 mL of distilled water (for blank), and 1 mL of each of the methanol
standards were taken into 50 mL stoppered test tubes and kept in an ice-cold water bath.
To each test tube, 2 mL of KMnO: reagent was added and kept aside for 30 min. A little
amount of sodium bisulphite and 1 mL of chromotropic acid solution were added to de-
colorize the solution. After mixing uniformly, 15 mL of sulphuric acid was added slowly
with swirling and placed in hot water bath maintaining 80 °C for 20 min. The color devel-
opment from violet to red was observed. After cooling the mixture, the absorbance at 575
nm was noted and methanol content was calculated as per FSSAI manual for methods of
analysis of alcoholic beverages [23].

2.4.3. Ester Content

Briefly, to the 50 mL of distillate, 10 mL of 0.1 N NaOH was added and refluxed on a
steam bath for 1 h. After cooling, back titration for the unspent alkali against standard
sulphuric acid was carried out. For blank, 50 mL of distilled water instead of distillate was
taken and experiments were conducted in the same way. The difference in titer value in
milliliters of standard sulphuric acid gives the equivalent ester and was calculated as per
FSSAI manual for methods of analysis of alcoholic beverages [23].

2.4.4. Aldehyde Content

In brief, 50 mL of distillate of liquor was taken in a 250 mL iodine flask and 10 mL of
0.05 N sodium bisulphite solution was added. The flask was kept in a dark place for 30
min with occasional shaking. Then, 25 mL of standard iodine solution was added and
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back titration of excess iodine against 0.05 N standard sodium thiosulphate solution using
starch indicator (1% solution) was conducted to light green end point. The same experi-
ment was carried out for blank, except distilled water was used instead of distillate. The
difference in titer value in milliliters, of sodium thiosulphate solution gives the equivalent
aldehyde content and was calculated as per FSSAI manual for methods of analysis of al-
coholic beverages [23].

2.4.5. Total Acidity and Volatile Acidity

The pH meter was calibrated using the buffer solutions of pH 4.0, 7.0, and 9.2. Ap-
proximately 100 mL of distilled water was taken in a beaker and turn magnetic stirrer
after placing magnetic bead in it. The electrode of the pH meter was immersed into the
water and titration against standard NaOH solution to pH 8.2 was carried out. Again,
titration against standard NaOH was carried out to pH 8.2 by adding 50 mL of liquor
sample to the pH-adjusted water. Volume of the NaOH was noted for total acidity. To the
50 mL of the distillate, titration against standard NaOH using phenolphthalein indicator
was carried out for volatile acidity. Total and volatile acidity were calculated as per FSSAI
manual for methods of analysis of alcoholic beverages [23].

2.4.6. Caffeine Content

Caffeine content in the samples was determined by UV-Vis spectrophotometric
method [24,25] with slight modifications. Samples (2.5 g) were poured to 200 mL of boiling
water and stirred for 10 min. After filtering through a cotton wool, the extract was cooled
at a room temperature and volume made to 250 mL with distilled water. This solution
was mixed with dichloromethane in ratio 1:1 (25:25 mL). It was stirred for 10 min and
caffeine was extracted by dichloromethane from the solution with the help of a separating
funnel. Caffeine was extracted 4 times with 25 mL dichloromethane at each round and
was stored in volumetric flasks. The absorbance of the extracted solution was measured
at 270 nm on UV/visible spectrophotometer. The test results were correlated with stand-
ard calibration curve of caffeine (y = 0.035x + 0.1, 12 = 0.996) and it was expressed in per-
centage (%).

2.4.7. Total Phenolic Content

Total phenolic contents (TPC) were determined using spectrophotometric method
with some modifications [26]. The reaction mixture was prepared by mixing 0.5 mL of
plant extract, 2.5 mL of 10% Folin-Ciocalteu reagent, and 2.5 mL of 7.5% of Na:COs aque-
ous solution. The mixture was incubated at 45 °C for 45 min in an oven. The absorbance
was determined at 765 nm using a UV-visible spectrophotometer. The same procedure
was repeated for the standard solutions of gallic acid. A calibration curve was constructed
using the standard data. Based on the measured absorbance of test samples, the total phe-
nolic content was determined from calibration curve and expressed as mg of gallic acid
equivalent (GAE) per g of dry matter in extract (mg GAE/g).

2.4.8. Total Flavonoid Content

Total flavonoid content (TFC) was determined using a modified aluminum chloride
(AICls) assay method [27]. Briefly, 2 mL of extract solution was taken in a test tube. 110
Then, 0.2 mL of 5% NaNOs was added and allowed to stand for 5 min. Later, 0.2 mL of
10% AICIs was added and mixed properly and allowed to stand for 5 min. After this, 2 mL
of 1 N sodium hydroxide (NaOH) was added in the tube and the final volume was ad-
justed to 5 mL by adding distilled water. The absorbance was measured after 15 min at
510 nm. The test result was correlated with standard curve of quercetin (20, 40, 60, 80, 100
pug/mL) and the total flavonoid content was expressed as mg of the quercetin equivalent
per gram (mg QE/g) of dry matter in extract.
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2.4.9. Color Measurement

Spectrophotometry was used to analyze color intensity and hue [28]. The triplicate
readings for each sample in three different wavelengths, i.e., 420, 520, and 620 nm were
recorded for calculating color intensity and hue (Equations (1) and (2)).

Colour intensity = A420 + A520 + A620 @)
A420

- 2

Hue = 4520 @

2.5. Sensory Analysis

Sensory analysis was evaluated with reference to wine [29] by 25 panelists and con-
verting scores of quality parameters in percentage for total quality score of 100. Sensory
parameters were analyzed with a quality score of 15%, 30%, 30%, 15%, and 10% for ap-
pearance, aroma, taste, aftertaste, and overall acceptability, respectively. A 2 h training
session was conducted for 14 days to familiarize panel members with sensory attributes.

2.6. Statistical Analysis

The data of each experimental analysis, performed in triplicate, were analyzed by
one-way analysis of variance (ANOVA), and this was carried out by using GenStat Re-
lease 12.1 software (Copyright 2009, VSN International Ltd., Hemel Hempstead, UK).
Means were separated using Tukey’s HSD post-hoc test (p < 0.05). Values are means of
triplicate + standard deviations.

3. Results
3.1. Chemical Composition of Coffee Pulp and Mucilage

Chemical composition of the coffee pulp was analyzed (Table 1). Protein content for
coffee pulp was similar to findings of Braham and Bressani (1979), but slightly different
in caffeine content and reducing sugar [5]. The caffeine content was found to be lower,
which might be due to the variation of caffeine-extracting solvent. Similarly, reducing
sugar was slightly different, which might be due to the difference in harvesting time and
geography. In contrast, ash content was slightly lower, which might be due to the differ-
ence in geography, harvesting time, and variation of processing technology [30]. The
crude fiber content was found to be higher than industrial waste pulp in Kenya [31], but
was lower than pulp obtained by the semi-washed process in Brazil [32]. The fat content
was similar to the findings of [33] and similar pH value was obtained in the study in Mex-
ico [34]. Crude fat, crude fiber, caffeine content, and TSS of the mucilage were found to be
0.7%, 1.5%, 1.05%, and 15 °Bx, respectively. Belitz et al. (2008) reported 84.2% moisture,
8.9% protein, 4.1% sugar, and 0.7% ash [35], which are similar to our findings (Table 1).
Total polyphenols, flavonoids, and tannins differed from [36], which might be due to var-
iation of agronomic practices, climate, geography, and soil conditions.

Table 1. Analysis of coffee pulp and mucilage.

Particulars Coffee pulp Mucilage
Moisture (%) 75.7+0.2 85.3+0.6
Dry matter (%) 243+0.2 14.7 £ 0.6
Crude Protein (%) 8.1+0.36 72+0.3
Fat (%) 1.53 £0.05 0.7 £0.00
Ash (%) 6.4+0.05 1.1+0.1
Crude fiber (%) 6.3+0.2 1.5+0.22
Total sugar (%) 12.06 +£0.41 43+04
Reducing sugar (%) 109 +£0.36 -
Caffeine (%) 1.11+0.11 1.05 +0.05

TSS (°Bx) 18+0.5 15+0.5
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pH 43+0.15 3.7£0.1
Polyphenols (mg GAE/g dry extract) 1862.62 + 4.42 1618.32£3.2
Tannins (mg GAE/g dry extract) 412 +4.7 370+3.6
Flavonoid (mg QE/g dry extract) 697.3+2.1 531.54 +2.7

Values are means of triplicate + standard deviations.

3.2. Fermentation Kinetics with Respect to pH and TSS

There was significant variation (p < 0.05) in the pH content of all the samples with
respect to fermentation time. The pH rapidly dropped up to the sixth day, then gradually
increased up to the tenth day, and finally decreased slowly and stabilized. The fall of pH
up to the fourth day was seen maximum in samples of pulp preparation than the other
two samples (Figure 2a). This shows faster conversion of sugar into acids in pulp sample.
In terms of pH, fermentation can be categorized into two phases: it decreases during the
first and then increases [37]. The drop in pH might be due to the consumption of glucose
and production of ethanol and organic acids by yeast. The production of these acids drives
the pH down to acidic conditions [38]. After the sixth day of fermentation, there was sig-
nificant increase in the pH. This might have happened due to the lack of the nutrient, and
yeast begins to consume organic acids as the nutrient source. Similarly, nitrogen sources
are cleaved off to ammonia by yeast, which attracts protons to form ammonium in the
aqueous solution, causing increase in pH [37]. The simultaneous consumption of organic
acids [37] and increase in ethanol production (pH of ethanol, 7.33) resulted in alteration
of the pH, as both these factors affect pH value during the sugar fermentation process.
There was a significant difference between the TSS of each product with respect to fer-
mentation days. The TSS was decreasing in each day. There was rapid decrease of TSS of
the pulp sample than the other two samples (Figure 2b). TSS, i.e., 5 °Bx [39] was achieved
in the twelfth day by pulp samples, which is earlier than the other two samples. This con-
cludes that the rate of fermentation of pulp is more than the other two samples. The rapid
drop in TSS was due to utilization of the supplied glucose by the yeast [40], which is quite
obvious.

Pul ceeslrene Pulp
- -

--#--Mucilage wp G ooBadk : - =% --Mucilage with seed
= f=Mygiigse

4 == Mucilage
\ ., .. . ﬁ),
\' .

pH
TSS (°Bx)

35338383333
4.93333333¢

Fermentation time (days)

Fermentation time (days)
(a) (b)
Figure 2. Changes during fermentation period. (a) pH. (b) TSS.

3.3. Chemical Analysis

Total dry extract in the AP, AM, and AMS was found to be 215 g/L, 190 g/L, and 183
g/L, respectively. Methanol content was significantly different (p <0.05) in all the samples.
Among three fermented beverages (AP, AM, and AMS), AP contained the highest level of
methanol content, i.e., 335 mg/L, while AM contained the least, i.e., 298.6 mg/L (Table 2).
Coffee pulp is found to be richer (~1.9 times) in pectin than coffee mucilage [41]. The high-
est level of the methanol content in AP might be due to the methylated pectin that gets
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transferred in the beverage during fermentation. The methanol level in red wine that can
be accepted by the human body is 400 mg/L [42], which concludes that AP, AM, and AMS
are within the range with respect to methanol content. The International Organization of
Vine and Wine has reported the safety limit of methanol for avoiding the risk to consum-
ers’ health as 150 mg/L for white and rosé and 300 mg/L for red wine. Regarding this,
some modifications, like adding phenolic acids, can be done to reduce the methanol con-
tent [43].

Table 2. Chemical and chromatic analysis of alcoholic beverages of coffee.

Particulars AP AM AMS
Methanol content (mg/L) 335+1.21¢ 298.9 +0.282 313.2£1.81"
Esters content (ppm) 70.58 £1.45>  38.21+6.092 33.86 +3.292
Aldehydes (ppm) 9.15+0.8772 22 +0.4° 42.94 +1.5¢
Alcohol (ABV%) 8.867 £ 0.067>  8.707 + 0.092° 8.25+0.0267
Total acidity (%) 0.411+0.02®> 0.393 +0.0052 0.443 £ 0.011"
Volatile acidity (%) 0.013+0.00¢  0.007 +0.002 0.0094 + 0.00"
Caffeine content (ppm) 30.94 +0.674> 21.29 £0.6432 42.44 + 0.737¢
Polyphenols (trn;i t();AE/ gAY e 445741436 55447930 709.7+ 4,50
Tannin (mg GAE/g dry extract) 305+4c 235+4- 268.3 £3.5°
Flavonoid (mg QE/g dry extract) 440.7 +5.03¢ 349.3 +4.52 395+ 3P
Chromatic structure 0.41+0.00 < 0.27+0.002 0.28 £0.00"
Hue 1.71+0.00 1.64 +0.00 ® 1.51+0.00 2

Alcoholic beverages made from pulp (AP), mucilage only (AM) and mucilage with beans (AMS).
Values are means of triplicate + standard deviations. Values in the rows bearing the different su-
perscripts (a, b, ¢, and ab) are significantly different (p < 0.05).

Among the three samples, alcohol content in AP was found higher (8.86%) and was
not significantly different, but AMS differed significantly (p <0.05). Higher alcohol content
in AP was due to maximum utilization of sugar. The difference in ethanol content may be
due to the difference in the must formation, and also may be due to the difference in the
chemical constituents between pulp and mucilage. Ester content in all samples was found
in the range as stated by [44] but was higher compared the findings of [45]. Esters are
expressed as ethyl acetate whose concentration ranges from about 30-60 mg/L in “nor-
mal” wines to about 150-200 mg/L in defective wines [46]. And our beverages contain
esters in the range where AP contained a little higher. Ester content in AM and AMS was
not significantly different but AP differed significantly (p < 0.05). Higher alcohol content
might be responsible for higher ester content in AP because esters are formed due to the
reaction between the fatty acids and alcohol. The difference in the ester content might be
contributed by a difference in the carbon and nitrogen content between the samples [47].
Aldehyde content was significantly different (p < 0.05) and AP contained quiet less than
AM and AMS. Aldehyde content was less when compared to [45].

Aldehyde content in the fermented beverages is expressed in terms of actaldehyde
and immediately after fermentation; table wines generally have acetaldehyde levels below
75 mg/L [46]. Our beverages contain aldehydes less than 50 ppm. Color of the red wine is
enhanced by polymerization of anthocyanins and phenolics with the assistance of alde-
hyde [48]. This might be the reason of minimization of aldehyde content in AP. Higher
content of total acidity in AMS might be due to unconsumed fatty acids for the production
of esters, while lower values in other samples can be related to the utilization of carboxylic
acids in the production of esters. Volatile acidity was found to be relatively lower. This
might be due to the difference in the chemical composition between the raw materials.
Caffeine content was significantly different (p < 0.05) in all the samples. The minimum
value of caffeine content was found in AM and the maximum in AMS, which might be
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due to fermentation along with beans. Asfew & Dekebo reported that caffeine content of
coffee beans ranged from 1.21 to 1.43 % in beans and 0.78 to 0.97 % in coffee pulp [49]. The
value of caffeine content in the alcoholic product is much lower as compared to that in
raw pulp and beans. The low values can be attributed to the fact that caffeine molecules
in coffee beans are complex with chlorogenic acids [50], and the hydrogen bonds between
caffeine and chlorogenic acid molecules have to be broken during fermentation. Raw pulp
contained 1762.6 mg GAE/g dry extract, which was between the range of 1809.9 to 489.5
mg GAE/g dry extract [51] and flavonoid content of 1418.2 mg QE/g dry extract (Table 1).
Among the three samples, AP contained the maximum value of polyphenols, i.e., 845.7
mg GAE/g dry extract. This maximum value was due to the fact that the pulp contained
the highest value of polyphenols than other parts of the pericarp [51]. AM contained min-
imum value of polyphenols, i.e., 554 mg GAE/g dry extract, which might be due to the
minimum value of polyphenols in mucilage. The content of flavonoid was also similar to
that of phenolic content, i.e.,, maximum in AP. The polymeric anthocyanin color (%) of the
coffee pulp was higher [52], which might be the reason for more flavonoids in AP. Simi-
larly, tannin content was also higher in AP. The effect of pH of the medium during fer-
mentation might have influenced the metabolism of the yeast for the growth and degra-
dation of caffeine and tannins [36].

3.4. Colour of Fermented Alcoholic Beverages

The value of chromatic structure and color density was significantly higher in AP
than AM and AMS, causing a redder appearance like red wine. Flavonoid content was
significantly higher in AP (Table 2), which might have contributed to anthocyanins [52].
Being directly in contact with the red-colored exocarp is another reason for the red color
in AP. AM and AMS were whitish in appearances. Hue is the indication of the aging and
oxidation of wine. All wines were aged for a constant time, so difference in hue was due
to the difference in red pigments in each sample. Oxidation and polymerization might
also be the reason for the decrease in hue [53].

3.5. Sensory Analysis

Haziness and dull appearance in all prepared samples was seen which was due to
improper clarification. AP was more reddish than other samples which might be due to
leaching of pigments from skin during fermentation. AMS got more reddish and brown-
ish pigment from seed contributed redder than AM. Fruity aroma giving esters, chloro-
genic acid, acetic and propionic acids increased throughout the fermentation process [53]
causing higher aroma in AMS, AP and AM . Similarly, the production of ethanol and lac-
tic, butyric, acetic, and other higher carboxylic acids during the fermentation of pectina-
ceous sugars by microorganisms in coffee fermentation [30] and modification of com-
pounds such as proteins, carbohydrates, chlorogenic acids in green coffee beans [53]
caused the development of unique aroma and taste at the end of fermentation. According
to Sera et al., coffee fragrance and flavor is related to cholorgenic acids [36]. Higher meth-
anol content in AP (Table 2) could extract chlorogenic acid in the fermented beverage
causing more score of aroma in AP [54]. Based on taste, the highest mean score of AP,
AMS and AM was due to chlorogenic acid, epicatechin and isochlorogenic acid that got
extracted from mucilage. Though there is no significance difference in the taste in all sam-
ples, AP had highest score which might be influenced by higher amount of tannins and
polyphenols (Table 2) which relates to a positive trait, especially mouth feel of the wines
[55]. The astringent aftertaste was given by phenolic compound that was isolated from
coffee mucilage and pulp [56]. This sensation is felt in the mouth after consumption of
some wines, strong tea or un-ripened fruit [56]. AP had significantly higher score of after-
tastes (Table 3) which might be due to more tannins and TPC than AM and AMS that has
given natural aftertaste (Table 2). The scores of AMS were superior to AM as seed was
involved in fermentation contributing more taste, aftertaste, aroma and OA (overall ac-
ceptability). The value of overall acceptability was also higher for AP in compared to AM



Fermentation 2021, 7, 53

11 of 13

and AMS. Total quality score in this study found that the desirable characteristics, color,
pleasant flavor, taste, aftertaste, and overall acceptability were higher in AP compared to
AM and AMS (Figure 3).

Total quality score (%)

Figure 3. Total quality score for coffee-based alcoholic beverages. Error bars show standard devia-
tion and error bars bearing different superscript differs (p < 0.05) with one-way ANOVA.

Table 3. Sensory analysis of alcoholic beverages of coffee.

Particulars  Appearance Aroma Taste Aftertaste Overall Acceptability
AM 9.03+2.53a 18.89+49a 21.21+3.73a 10.32+£2.322 6.35+1.254

AMS 9.07+22 20.11 £5.07 @ 2196 +4.17 2 11.11+3.17 % 6.32+1.562

AP 11.07 +2.19° 21.86 £3.71 23+2.342 12.21+1.67° 8.25+0.7°

Alcoholic beverages were made from pulp (AP), mucilage only (AM), and mucilage
with beans (AMS). Values are means of triplicate + standard deviations. Values in the rows
bearing the different superscripts (a, b, ab) are significantly different (p < 0.05).

4. Conclusions

Byproducts of coffee (Coffea arabica L.) pulp and mucilage can be used for the prepa-
ration of fermented alcoholic beverages as well as ethanol for energy. This study showed
that the coffee pulp and mucilage could be a novel valuable and eco-friendly raw material
for the beverage industry and could help to reduce the environmental threat caused by
coffee processing. However, further research is necessary for quality assurance of alco-
holic beverages produced from coffee waste.
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