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Abstract: The use of biotransformation has become a popular trend in the food and cosmetic
industry. Lactic acid bacteria (LAB) are widely used due to their safety and beneficial effects on
human health. Coffee pulp, a by-product obtained from coffee production, has antioxidant activity
because it contains different classes of phenolic compounds. To investigate the factors affecting the
biotransformation process of coffee pulp using L. plantarum TISTR 543, a systematic study using
23 factorial designs in a completely randomized design (CRD) was done. After the coffee pulp
was bio-transformed, its bacterial count, pH, phenol contents, flavonoid contents, tannin contents,
changes in bioactive compounds by LC-QQQ, and antioxidant properties were studied. The highest
phenolic content was obtained in the sample containing the substrate, water, and sugar in the ratio
of 3:10:3 with a 5% starter. After the fermentation was done, for 24–72 h, total bacteria count, total
phenol contents, and antioxidant activities significantly increased compared to their initial values.
Protocatechuic acid also markedly increased after 24 h of the biotransformation process. Hence,
the fermentation of coffee pulp with L. plantarum TISTR 543 can produce substances with a higher
biological activity which can be further studied and used as functional foods or active ingredients in
cosmetic application.
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1. Introduction

Coffee is one of the beverages that are highly consumed recently and its production
has also increased globally. According to Adam et al. [1], there has been an increase in
the global coffee production from 9.5 million tons in 2017–2018 to 10.2 million tons in
2018–2019. Among coffee varieties, Arabica coffee (Coffea arabica) is the most popular
one, accounting for 60% of the world’s total output due to its pleasant taste and aroma,
stimulant effects, and other health benefits attributed to coffee [2].

After the wet process of coffee production, coffee pulp, the main residue, accounts
for approximately 30% of the weight of dry coffee cherries [3], and up to 9.4 million tons
of coffee pulp are generated annually [4]. The large-scale disposal of coffee pulp as an
agricultural waste might cause serious environmental issues. Today, several attempts have
been made to valorize coffee pulp, including the production of bioethanol [5], biogas [6],
vermicompost and compost [3,7], sugar [3,7], cascara [8], and other aroma compounds [9].

Cascara, coffee cherry tea, which can be produced by infusion of dried coffee pulp,
has become a huge part of the globally growing market of functional foods. Recently, it has
been extensively studied due to its composition of coffee pulp that contains different major
classes of phenolic compounds, such as chlorogenic acid, which is a predominant phenolic
compound [10], followed by anthocyanidins, flavan-3-ols, hydroxycinnamic acids, and
flavonols [11]. It has been reported that these phenolic compounds found in coffee pulp
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have important health benefits, including antioxidant, anticarcinogenic, anti-inflammatory,
and anti-hypoglycemic effects [12].

As industrially useful chemistry needs extreme conditions of pH, temperatures, and
pressures for operation, the usage of biotransformation has become a trend in recent
production because it can operate at near-neutral pH, ambient temperatures, and atmo-
spheric pressures. More importantly, biocatalysts, for example, enzymes produced from
microorganisms, are highly specific for the reaction [13]. LAB (a group of bacteria that
produce lactic acid from their metabolism) are used in the biotransformation processes in
the food and cosmetic industry. They are Generally Recognized as Safe (GRAS) and well
known for their beneficial effects on human health due to their therapeutic and functional
properties. Recently, this group of bacteria is utilized to transform secondary substances
in nature, such as phenolics and flavonoids, into a more potent substance by the action
of enzymes produced during the biotransformation process of LAB [14]. L. plantarum has
been reported as a potential microorganism that can be used in the biotransformation of
phenolic-rich compounds due to its enzymatic activities, including β-glucosidase, amylase,
lactate, decarboxylase, dehydrogenase, phenolic acid decarboxylase, phenol reductase,
tannase, etc. [15]. L. plantarum can produce powerful antioxidant compounds from the
transformation of hydroxybenzoic acids, such as the transformation of gallic acid into
pyrogallol [16]. Apart from being able to transform of hydroxybenzoic acids, they are also
used for the degradation of hydrolyzable tannins to gallic acid and the transformation of
hydroxycinnamic acids [15]. Additionally, L. plantarum is known as the probiotics that
promote health benefits and play an important role in disease prevention, such as irrita-
ble bowel syndrome, inflammation, metabolic diseases, and dermatological health [17].
Therefore, L. plantarum has been selected as a starter for this study.

Although several studies have examined the effects of the fermentation process of
coffee pulp with different types of microorganisms on the changes in phenolic compounds
and the antioxidant activity of coffee pulp extracts, the study on the factors affecting the
biotransformation of coffee pulp using LAB is limited. This study aims to investigate the
factors affecting the biotransformation process of coffee pulp by using L. plantarum TISTR
543 and the changes in bioactive compounds and antioxidant properties of coffee pulp
after the biotransformation process to be used as functional food, dietary supplements, or
active ingredients in cosmetic application.

2. Materials and Methods
2.1. Materials and Microorganisms

Fresh coffee pulp (Coffea arabica) was collected during the cropping season (February
2021) from Baan Doi Chaang, Mae Suai District, Chiang Rai, Thailand. It was stored at
-20 degrees Celsius until further use. Cane sugar was purchased from the local market
(Chiang Rai, Thailand). Lactobacillus plantarum TISTR 543 was obtained from the Thailand
Institute of Scientific and Technological Research (TISTR), Thailand. Folin–Ciocalteu’s
phenol reagent, Aluminium chloride, Potassium persulfate, Ferric chloride hexahydrate,
Ferrous sulfate heptahydrate, Sodium carbonate anhydrous, and Sodium acetate trihydrate
were purchased from Loba Chemie Pvt Ltd. (Mumbai, India). Quercetin, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Absolute ethanol, 98% sulfuric acid, and 37% hydrochloric acid were acquired
from RCI-Labscan (Bangkok, Thailand). LC-MS grade water and acetonitrile (ACN) were
supplied by J.T. Baker (Phillipsburg, NJ, USA). Formic acid (LC-MS grade) was obtained
from Thermo Fisher Scientific (Sydney, Australia). All the other reagents were of analytical
grade or the highest pure grade.

2.2. Starter Culture Preparation

L. plantarum TISTR 543 was used as a starter culture in this study. One loopful
of L. plantarum stock was inoculated on preculture de Man, Rogosa, and Sharpe (MRS)
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agar plate and incubated at 30 ± 2 ◦C for 48 h. The obtained single colony was then
transferred to MRS broth and incubated at 30 ± 2 ◦C for 24 h, to obtain an approximate
cell concentration of 109 CFU/mL. The inoculum was prepared in the range of 5–15 % for
coffee pulp fermentation [18].

2.3. Fermentation

The actual and coded levels and the experimental layouts used for 23 factorial designs
in CRD are listed in Tables 1 and 2, respectively. Prior to the fermentation process, the
coffee pulp was homogenized and blended by mechanical crushing. The blended coffee
pulp, water, and sugar were mixed, as seen in Table 2. The samples were autoclaved at
121 ◦C and 15 lbs for 15 min. After cooling, the sterilized substrates were inoculated with
a starter culture (109 CFU/mL stock) under aseptic conditions, as seen in Table 2. The
resultant flasks were incubated at 30 ◦C for the fermentation process, and samples were
collected to assess the total phenolic content [18].

Table 1. The actual and coded levels used in 23 factorial designs in CRD.

Factors Code Unit
Coded Levels

(−1) (+1)

Substrate ratio of substrate per 10 parts of water X1 − 3 7
Sugar ratio of sugar per 10 parts of water X2 − 1 3

Starter X3 % 5 15

Table 2. The experimental layouts of 23 factorial designs in CRD.

Standard
No.

Run
No.

X1: Substrate Ratio of
Substrate per 10 Parts of Water

X2: Sugar Ratio of Sugar
per 10 Parts of Water

X3: Starter
(%)

1 4 −1 −1 −1
2 1 1 −1 −1
3 6 −1 1 −1
4 2 1 1 −1
5 3 −1 −1 1
6 7 1 −1 1
7 8 −1 1 1
8 5 1 1 1

2.4. Determination of the Optimum Fermentation Time

The fermentation condition that could yield the maximum phenolic content was
chosen to study the effect of fermentation time. The samples were collected at 0, 24, 72,
120, and 168 h to determine the pH and bacterial enumeration, total phenolic content, total
flavonoid content, total tannin content, antioxidant activities, and the determination of
bioactive compounds.

2.5. Microbial Enumeration and pH Determination

Conventional microbiological methods were used to evaluate the microbial enumera-
tion. Microbial counts of LAB were measured by serial dilution and plate count method
using a previously described protocol [18]. LAB was incubated at 30 ◦C for 48 h under
anaerobic conditions. Each analysis was carried out in triplicate. After the appropriate
incubation period, colonies were counted, and all bacterial counts were expressed as
Log10 CFU/mL. The pH of the fermented coffee pulp samples was determined using a pH
meter (Singapore).

2.6. Determination of Total Phenolic Content

Total phenolics content was determined by the Folin–Ciocalteu method, which was
adapted from the method described by Saelee et al. [18]. Briefly, 80 µL of the fermented cof-
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fee pulp sample at the appropriate dilution was incubated with 20 µL of Folin–Ciocalteu’s
reagent and 100 µL of 7.5% Na2CO3 solution, respectively. The reaction was kept at room
temperature in the dark for 30 min. Then, the absorbance of the solution was carried out
at 765 nm. The values were expressed as mg gallic acid equivalent (GAE) per gram of
the sample.

2.7. Determination of Total Flavonoid Content

The total flavonoid content (TFC) for each coffee extract was assessed using the
method described by Haile and Kang [19], with some modifications. Seventy microliters of
an appropriate dilution of the fermented coffee pulp was mixed with 15 µL of 5% NaNO2
and incubated for 5 min. Then, 10% AlCl3 solution (25 µL) was added to the reaction. The
reaction was kept at room temperature for 6 min, and 1 M NaOH solution (100 µL) was
added to it. The reaction mixture was incubated for 10 min. The absorbance of the solution
was assessed at 510 nm. The amount of flavonoids in the coffee pulp was expressed as mg
quercetin equivalent (QE) per gram of the coffee pulp.

2.8. Determination of Tannin Content

Total tannin content was measured as per the method of Haile and Kang [19]. Briefly,
125 µL of the sample was mixed with 25 µL of Folin & Ciocalteu’s reagent followed
by adding 35% Na2CO3 solution (50 µL) into 96-well plates. After incubation at room
temperature for 30 min, the absorbance was determined at 700 nm using DI water as a
blank. Results were represented as mg tannic acid equivalent (TAE) per gram of the sample.

2.9. Antioxidant Activity Assays
2.9.1. 1,1-diphenyl-2-picryl-hydrazil (DPPH) Radical Scavenging Assay

The DPPH assay was done based on a previously stated protocol [18] to determine
the antioxidant capacity of coffee pulp extract at different fermentation stages. The DPPH
activity of coffee pulp extract was evaluated before (control) and after treatments. Briefly,
40 µL of the samples was mixed with 135 µL of 0.1 mM DPPH solution and incubated at
room temperature in the dark for 30 min. After incubation, the absorbance of the samples
was measured at 517 nm. The results were represented as mg Trolox equivalents (TE)
antioxidant capacity per gram of the sample. The DPPH radical scavenging activity was
calculated as follows:

DPPH radical scavenging activity (%) = [(Abs. of control − Abs. of sample)/Abs. of control] × 100. (1)

2.9.2. 2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic Acid (ABTS) Radical
Scavenging Assay

The ABTS assays were performed based on a previous method, with some modifi-
cations [18]. ABTS•+ stock solution was prepared by mixing 7 mM ABTS and 2.45 mM
potassium persulfate. It was incubated at room temperature in the dark for 12–16 h. Then,
5 mL of stock solution of ABTS•+ and 95 mL of deionized water were mixed to prepare the
working solution. Forty microliters of the sample or Trolox (as a standard solution) was
mixed with 160 µL of ABTS•+ working solution and incubated at room temperature in the
dark for 30 min. The absorbance of the reaction was measured at 734 nm. The results were
expressed as mg Trolox equivalent antioxidant capacity (TEAC) per gram of the sample.
The ABTS radical scavenging activity was calculated as follows:

ABTS radical scavenging activity (%) = [(Abs. of control − Abs. of sample)/Abs. of control] × 100. (2)

2.9.3. Ferric Reducing Antioxidant Power Assay (FRAP)

The FRAP assay was evaluated using a previous protocol [20], with slight modifi-
cations. FRAP reagent was freshly prepared by mixing 30 mM Acetate Buffer pH 3.6,
10 mM TPTZ solution in 40 mM HCl, and 20 mM FeCl3 • 6H2O solution in the ratio of
10:1:1, respectively. The FRAP reagent was stored in a light-protected bottle until use.
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Twenty microliters of the diluted sample was mixed with 180 µL of the FRAP reagent.
Subsequently, the reaction mixture was incubated at room temperature for 4 min. The
absorbance of the solution was quantified at 593 nm. Results were represented as mg
FeSO4 equivalents per gram of the sample.

2.10. Determination of Bioactive Compounds by LC-QQQ

The phenolic compounds in the coffee pulp samples were determined performed by
using a Shimadzu Nexera X2 UHPLC system equipped with LC-30AD binary gradient
pumps, SIL-30AC autosampler, CTO-20AC column oven, and DGU-20A5R degasser cou-
pled to a Shimadzu LCMS-8060 triple quadrupole mass spectrometer (QQQ) equipped
with an electrospray ionization (ESI) source (Shimadzu, Kyoto, Japan) operating in both
positive and negative ionization modes. Chromatographic separation was carried out
by a C18 reversed-phase Avantor® ACE® Excel® C18-PFP (100 mm × 2.1 mm, 1.7 µm)
analytical column. The column temperature was maintained at 30 ◦C. The mobile phase
consisted of mobile phase A (0.2% formic acid in water) and mobile phase B (LC-MS grade
ACN) at the flow rate of 0.3 mL/min. The elution gradient condition is as follows: 10% B
at the beginning −0.30 min, 10% to 15% B at 0.30–2.40 min, 15% to 20% B at 2.40–3.25 min,
20% B at 3.25–3.60 min, 20–95% B at 3.60–6.20 min, 95% B at 6.20–7.00 min, 95–10% B at
7.00–7.50 min, and 10% B at 7.50–11.0 min. All samples were filtered through a 0.22 µm
nylon syringe filter before analysis and injected at 1 µL. The ESI condition was settled as
follows: interface temperature of 300 ◦C, DL temperature of 250 ◦C, heat block tempera-
ture of 400 ◦C, nebulizing gas flow (nitrogen); 3.0 L/min and drying gas flow (nitrogen);
10.0 L/min. The analytes were quantified a using multiple reaction monitoring (MRM)
mode. The data of LC–QQQ were gathered and processed by LabSolutions software (Shi-
madzu, Kyoto, Japan). Finally, the bioactive compounds in were verified the samples were
verified by comparing the precursor ions (m/z), product ions (m/z), retention times (RT,
min) as shown in Table 3. The quantification of the bioactive compounds was assessed by
the peak areas of the samples with the bioactive compound standards. The contents were
expressed as µg/mL [21].

Table 3. LC-QQQ parameters of bioactive compounds for the analysis of the fermented coffee pulp sample.

Bioactive
Compounds

Retention Time
(RT, min)

Ionization Mode
of the Analytes

Precursor Ion
(m/z, [M − H]−)

Product Ion
(m/z)

Phenolic acids

Protocatechuic acid 2.627 Negative 153.25 109.05
Chlorogenic acid 3.710 Negative 352.95 191.05

Neochlorogenic acid 2.547 Negative 352.95 191.05
Caffeic acid 4.566 Negative 178.80 135.20
Gallic acid 1.639 Negative 169.10 125.20

o-Coumaric acid 5.864 Negative 163.00 119.00
p-Coumaric acid 5.529 Negative 162.85 119.00

p-hydroxybenzoic acid 6.263 Negative 137.05 92.95

Flavonoids

Quercetin-3-O-rutinoside 5.487 Negative 609.05 300.20, 271.10
4′,5,7-trihydroxyflavone 6.279 Negative 269.10 117.00

Alkaloids

Caffeine 3.617 Positive 195.00 138.15, 110.10
Trigonelline 0.917 Positive 138.10 92.10, 94.05, 78.05

Theobromine 1.763 Positive 181.10 163.10, 138.10, 110.05
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2.11. Statistical Analysis

The experiments were carried out in triplicate. The factorial analysis of variance
(ANOVA) and the calculation of regression coefficients calculated with Statistical Pack-
age for the Social Sciences (SPSS) software (IBM Inc., Armonk, NY, USA), version 23.0,
were used to statistically analyze the data obtained from 23 factorial designs in CRD. The
difference in pH and bacterial enumeration, bioactive compounds, and antioxidant activi-
ties at each fermentation time were evaluated by one-way ANOVA. The least significant
difference tests were used to further analyze the data groups that exhibited a statistical
significance (p < 0.05). All values were represented as the mean ± standard deviation.

3. Results and Discussion
3.1. Fermentation

To evaluate the interactions between response variables and predictor variables, the
factorial designs are used to provide the most efficient experimental runs and data collec-
tion plan and also estimate all possible interactions between variables [22]. In this study,
we studied the effect of substrate, sugar, and starter interactions by observing the changes
in the phenolic contents of the coffee pulp as the contents of phenolic compounds. The
most significant variables affecting the production of phenolic content by L. plantarum were
screened and evaluated using 23 factorial designs in CRD. Three variables (substrate con-
centration, sugar concentration, and starter amount) were assessed through 8 experimental
runs. The data are presented in Figure 1 and Table 4.

The highest amount of total phenol content was found in standard condition no. 3 which
contained the substrate, water, and sugar ratio of 3:10:3 with 5% starter (3.34 ± 0.10 mg
GAE/g substrate), while the lowest amount of total phenol content was seen in standard
condition no. 6 which contained the substrate, water, and sugar ratio of 7:10:1 with 15%
starter (0.98 ± 0.04 mg GAE/g substrate). The statistical analysis of data (type III sum of
squares, degree of freedom, mean square, F-value, p-value, coefficient of determination (R
squared)) by this design is shown in Table 4. The result of the F-value of 358.897 states
that the design is significant for changes in the total phenolic compound by L. plantarum.
Substrate concentration, sugar content, and the amount of starter, the interaction between
substrate concentration and sugar content, and the interaction between all three variables
had a significant impact on the transformation of phenolic compound (p < 0.05). The
effect of variables on the biotransformation of the phenolic compound by L. plantarum
demonstrated that substrate concentration, starter amount, and interaction between substrate
and sugar content had negative effects while the sugar content had a positive impact. In
terms of substrate concentration, the phenolic content was expected to increase when the
substrate concentration increased up to its maximum level. In this study, the substrate
concentration had negative effect on total phenolic content. This finding has been supported
by previous study [23]. According to Starzyńska and Stodolak [24], the negative impact of
the starter may be related to the increase in polyphenol oxidase that catalyzes the phenolic
compounds to quinones resulting in the decrease in phenolic contents. The results agreed
with Sandhya et al. [25], in which the contents of phenolic compounds in cocoa bean
fermentation decreased significantly when there was an increase in inoculum concentration.
However, Sripo et al. [26] reported that the contents of phenolic compounds increased at
higher inoculum concentrations of the lactobacilli in a fermented rice solution. The results
may vary due to the different substrates and different strains of lactobacilli used in the
fermentation. When sugar concentration was considered, there was a report that high
concentrations of sugar increased the phenolic contents and also antioxidant activity of the
sauerkrauts as it serves as the energy resources for the growth of the LAB [27]. Furthermore,
Dewi et al. [28] reported that total phenolic contents in fermented seaweed increased by
the addition of sugar cane and palm sugar. Our results are in line with these findings.
The coefficient of determination (R squared) was 0.994, and the adjusted coefficient of
determination (adjusted R squared) was 0.991. This means that 99.4% of the data fit the
regression model. This result suggests there is a strong linear relationship between total
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phenolic content and these three independent variables. The regression equation resulting
from the design is presented as follows:

Y (total phenolic content) = 1.959 − 0.707A + 0.308B − 0.105C − 0.209 (A × B) +
0.007 (A × C) + 0.018 (B × C) + 0.062 (A × B × C),

(3)

where Y = the predicted response, A = Substrate concentration, B = Sugar content, and
C = Starter amount.

The optimal condition of the substrate concentration, sugar content, and the amount
of starter identified and screened by 23 factorial designs in CRD using response surface
methodology was found in standard condition no. 3, which was used for further procedures.
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Figure 1. Total phenolic content after 24 h of biotransformation process obtained from 8 standard conditions of 23 factorial
designs in CRD. Values are represented as Mean ± SD (n = 3). The bars with different letters indicate a significant difference
(p < 0.05) among the conditions.

Table 4. Analysis of variance (ANOVA) for the experimental results of 23 factorial designs in
CRD design.

Variables Type III Sum of Squares df Mean Square F-Value p-Value

Corrected Model 15.682 7 2.240 358.897 <0.001 *
Intercept 1.959 1 92.123 14,758.693 <0.001 *

A: Substrate −0.707 1 11.996 1921.813 <0.001 *
B: Sugar 0.308 1 2.273 364.133 <0.001 *
C: Starter −0.105 1 0.265 42.456 <0.001 *

AB −0.209 1 1.046 167.503 <0.001 *
AC 0.007 1 0.001 0.209 0.654
BC 0.018 1 0.007 1.190 0.291

ABC 0.062 1 0.093 14.976 0.001 *
Error 0.100 16 0.006
Total 107.905 24

Corrected Total 15.781 23
R-Squared 0.994

Adj. R-Squared 0.991
* indicates a statistically significance (p < 0.05).
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3.2. Determination of the Optimum Fermentation Time
3.2.1. pH Measurement and Microbial Enumeration

The results of pH measurement and microbial enumeration are shown in Figure 2. The
coffee pulp extract became more acidic with increased fermentation time (p < 0.05). The pH
values of the samples decreased eventually after 120-h fermentation and then increased
again after 168-h fermentation (Figure 2a). The decrease in pH value after fermentation
was correlated with organic acids produced by L. plantarum, which pointed out that the
metabolic activities could change the pH of the fermented culture [29].
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Figure 2. Changes in pH and bacterial count of fermented coffee pulp: (a) pH of fermented coffee pulp; (b) total count of
cultured LAB of fermented coffee pulp. Values are represented as Mean ± SD (n = 3). The bars with different letters indicate
a significant difference (p < 0.05) in the fermentation times.

The number of lactic acid bacteria of the fermented coffee pulp revealed that there
was a significant difference (p < 0.05) in the bacterial count at different fermentation times,
as shown in Figure 2b. The bacterial count of LAB increased gradually and reached its
peak at 72 h of fermentation. After that, it went down slightly again after 120-h and 168-h
fermentation, respectively. The biotransformation of primary metabolites to secondary
metabolites in the late stage might also cause the decline of the growth of lactobacilli [29].
The rapid increase in the bacteria load correlated with the decreased pH value of the
samples. The result is in accordance with Thongruck et al. [30], who reported that this
rapid growth of LAB decreased the pH to lower than 4.55 within 2 days after shrimp
fermentation. However, Kaprasob et al. [29] reported that the viable bacteria decreased at
the initial phase of the fermentation and became stable after 48-h fermentation of fresh and
concentrated cashew apple juice using L. plantarum.

3.2.2. Determination of Total Phenolic Content

The phenolic compounds, found abundantly in plants, are secondary metabolites
derived from phenylalanine and tyrosine. The phenolic compound structure contains
hydroxyl groups that can scavenge free radicals [31]. The result of total phenolic content
determination is presented in Figure 3. After fermentation, the total phenolic content
markedly increased when compared with their initial value (p < 0.05). The highest value
of total phenolic content was found after 24-, 72-, and 168-h fermentation. The gradual
rise of phenolic content from the starting phase of the fermentation to 168-h fermentation
may be due to the increase in bioactive compounds, such as phenolic acids, through LAB-
mediated fermentation [32,33]. The increase in phenolic contents was further explained
by Zubaidah et al. [34], in which, during fermentation, complex bonds between phenolic
and other compounds were broken by enzymes, such as invertase, cellulase, and amylase,
leading to the increase in total phenolic content. In this study, a slight decrease in phenolic
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content at 120-h fermentation may be related to the fact that the phenolics of coffee pulp
extract might bind with sugar, leading to reduced solubility of phenolic compounds, or it
might be degraded during fermentation [29].
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Figure 3. Total phenolic content (mgGAE/g coffee pulp) of fermented coffee pulp. Values are
represented as Mean ± SD (n = 3). The bars with different letters indicate a significant difference
(p < 0.05) in the fermentation times.

3.2.3. Determination of Total Flavonoid Content

Flavonoids contribute to nearly two-thirds of phenolic compounds; most of them are
glycosides, some are esters, and rarely are they free compounds. The radical scavenging
capacity of flavonoids is directly affected by glycosylation. Glycosides are less active than
aglycone [15]. The result of total flavonoid content is presented in Figure 4. Initially, the
coffee pulp extract exhibited a 10.59± 0.44 mg QE/ g sample of total flavonoid content. The
flavonoid content of the samples decreased gradually (p < 0.05) after 24-, 72-, 120-, and 168-h
of fermentation. There was no statistical significance between the flavonoid content after 24-
, 72-, and 120-h fermentation. However, the flavonoid content of the fermented coffee pulp
after 168-h fermentation process significantly decreased compared to 24 and 72 h. In this
study, there was a significant decrease in total flavonoid contents of the fermented samples
in response to fermentation time. This result is supported by Wijayanti and Setiawan [35],
who found that the total flavonoid content of fig fruit decreased after fermentation with
L. acidophillus, L. bulgaricus, L. casei, and L. plantarum. The available glucose in the extract
might be consumed by LAB to produce highly hydroxylated free aglycones or hydroxyl
groups with lower steric hindrance [36]. It led to the production of higher antioxidant
metabolites. The sample concentration or the duration of the fermentation process is
responsible for this significant reduction in total flavonoid content, as reported by Adetuyi
and Ibrahim [37].

3.2.4. Determination of Tannin Content

The results of the tannin content of the extract are demonstrated in Figure 5. A
significant difference was found in the total tannin content of fermented coffee pulp
extract over fermentation time (p < 0.05). The lowest tannin content was seen after 120-
h fermentation. The tannin content decreased steadily to the lowest point after 120-h
fermentation and then slightly increased after 168-h fermentation. The overall result
showed that tannin content greatly decreased during LAB-mediated fermentation. This
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result is supported by Shang et al., in 2019 [38], who found that LAB-mediated fermentation
of Xuan Mugua fruit significantly decreased tannin contents as most of the contents were
decomposed into smaller structures, such as catechin, gallic acid, etc., by the action of LAB.
The possible mechanism of the action of LAB was explained by Landete et al. [39], in that
ester bonds were hydrolyzed by tannase produced by L. plantarum, resulting in a decrease
in tannin content.
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3.2.5. Antioxidant Activities

The antioxidant activities of the fermented coffee pulp by LAB were assessed by using
the DPPH assay, ABTS assay, and the FRAP assay as they are easy and accurate methods
that can provide fast and reproducible results [40]. The results of antioxidant assays (DPPH,
ABTS, and ferrous reducing activity) of the extracts are presented in Table 5. Regarding
DPPH assay, the highest value was found after 24-h fermentation (4.57 ± 0.25 mg TE/g
sample). After it reached its peak at 24-h fermentation, it gradually decreased after 72-h
fermentation, and the DPPH radical scavenging ability returned to its initial value after
168 h. This result is in agreement with earlier reports [34,41,42]. In the ABTS assay, the max-
imum value was found after 24-h and 72-h fermentation (4.91 ± 0.08 and 4.91 ± 0.40 mg
TE/g sample), respectively, while the minimum value was seen after 168-h fermentation
(3.59 ± 0.08 mg TE/g sample). The increase of the ABTS assay is in accordance with the
DPPH assay. This result is in agreement with Li et al. [36], who stated that the fermented
apple juice using L. plantarum exhibited a significant increase in percentage of DPPH and
ABTS inhibition after 24-, 48-, and 72-h fermentation. In the FRAP assay, there was a signif-
icant increase in the reducing power (p < 0.05) of the fermented coffee pulp with increased
fermentation time. The reducing power reached the highest value after 24-h and 72-h
fermentation (9.09 ± 0.13 and 8.64 ± 0.14 mg FeSO4/g sample), respectively. This result
is supported by Adetuyi and Ibrahim [37], who found that the reducing capacity of okra
seeds increased significantly at 24-h fermentation and then decreased as the fermentation
time increased. The overall antioxidant activities revealed that the highest activity value
was found at 24-h fermentation in all the assays, and the trends in the reducing power and
antioxidant activities of the fermented coffee pulp extract were consistent with the changes
in bioactive compounds of the extract. These findings are supported by References [37,43],
in which, during fermentation, antioxidant activities increased as the structure of the phe-
nolic compounds was broken down by microorganisms, and the resultant free compounds
acted as antioxidants.

Table 5. The antioxidant activities of fermented coffee pulp at different fermentation times.

Fermentation
Time (h)

DPPH
(mg TE/g Sample)

ABTS
(mg TE/g Sample)

FRAP
(mg FeSO4/g Sample)

0 3.51 ± 0.68 a 3.99 ± 0.10 a 6.89 ± 0.45 a

24 4.57 ± 0.25 b 4.91 ± 0.08 b 9.09 ± 0.13 b

72 4.35 ± 0.36 b,c 4.91 ± 0.40 b 8.64 ± 0.14 b,c

120 4.16 ± 0.33 a,b,c 3.79 ± 0.14 a,c 7.72 ± 0.31 d

168 3.65 ± 0.10 a,c 3.59 ± 0.08 c 7.88 ± 0.78 c,d

Values are represented as Mean ± SD (n = 3). Values within the same column with different superscript letters
indicate the statistically significant difference (p < 0.05).

3.2.6. Determination of Bioactive Compounds by LC-QQQ

Bioactive compounds of the fermented coffee pulp were quantified using LC-QQQ.
The phenolic acids, flavonoids, and alkaloid compounds of the coffee pulp extracts are pre-
sented in Table 6. The most abundant phenolic and alkaloid compounds in the fermented
coffee pulp extracts are chlorogenic acid and caffeine, respectively. Caffeine, theobromine,
and trigonelline are the major alkaloids found in coffee [44]. The result shows that caffeine
and theobromine content in coffee pulp extract exhibited no statistically significant differ-
ence in the fermentation times (p ≥ 0.05); however, a statistically significant decrease of
trigonelline content was seen in the extract as the fermentation time increased (p < 0.05).
The lowest trigonelline value was observed after 120-h fermentation. Sandhya et al. [25]
reported that the fermentation treatment significantly affected trigonelline content in cocoa
bean, which was found to decrease during the fermentation of all the treatments.
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Table 6. The amount and change percentage of bioactive compounds obtained in the coffee pulp after the fermentation process.

Compounds
Fermented Coffee Pulp (g/mL) % Change from the Initial

0 h 24 h 72 h 120 h 168 h 24 h 72 h 120 h 168 h

Phenolic acids

Protocatechuic acid 1.17 ± 0.05 a 1.34 ± 0.04 b 1.12 ± 0.07 a,c 1.01 ± 0.09 c 1.00 ± 0.12 c 17.68% −4.98% −15.34% −16.59%
Chlorogenic acid 12.81 ± 0.22 a 12.73 ± 0.03 a 11.71 ± 0.04 b 11.29 ± 0.12 c 10.70 ± 0.04 d −0.58% −8.49% −11.73% −6.31%

Neochlorogenic acid N.A. N.A. N.A. N.A. N.A. −9.21% −12.51% −10.12% −12.56%
Caffeic acid N.D. N.D. N.D. N.D. N.D. 25.25% −32.19% −42.50% −4.60%
Gallic acid N.D. N.D. N.D. N.D. N.D. −2.75% 40.81% v22.12% 29.42%

o-Coumaric acid N.D. N.D. N.D. N.D. N.D. 17.67% 77.16% 18.11% 26.82%
p-Coumaric acid N.D. N.D. N.D. N.D. N.D. 47.14% −28.45% −3.32% 2.97%

p-hydroxybenzoic acid N.A. N.A. N.A. N.A. N.A. 54.68% −82.24% −28.77% −26.74%

Flavonoids

Quercetin-3-O-rutinoside N.A. N.A. N.A. N.A. N.A. −3.57% −27.86% −16.52% −16.29%
4′,5,7-trihydroxyflavone N.A. N.A. N.A. N.A. N.A. −24.23% 4.87% 36.43% 61.77%

Alkaloids

Caffeine 96.50 ± 0.50 ns 94.50 ± 1.32 ns 95.67 ± 1.61 ns 95.33 ± 0.29 ns 94.17 ± 0.29 ns −2.22% −1.14% −1.37% −2.49%
Trigonelline 65.00 ± 1.73 a 65.33 ± 0.58 a 62.67 ± 2.31 a,c 58.67 ± 1.53 b 60.00 ± 1.00 b,c −4.69% −7.39% −8.95% −7.38%

Theobromine 1.52 ± 0.15 ns 1.50 ± 0.09 ns 1.29 ± 0.09 ns 1.39 ± 0.04 ns 1.38 ± 0.13 ns −1.34% −13.97% −8.02% −8.25%

Values are represented as Mean ± SD (n = 3). Values within the same row with different superscript letters indicate the statistically significant difference (p < 0.05). ns indicates no significant difference (p ≥ 0.05).
N.A. indicates unavailable bioactive standards. N.D. indicates not detectable. The percentage change of the bioactive compounds after fermentation was calculated from their change in peak area compared with
the peak area of the initial values.
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In terms of phenolic compounds, a significant difference was observed in the fer-
mented coffee pulp in terms of chlorogenic acid and protocatechuic acid content in the
extract when there was increase in the fermentation time (p < 0.05). The chlorogenic acid
content in the extract did not show a significant difference at initial and after 24-h fermenta-
tion. The content decreased serially and significantly at 72-h, 120-h, and 168-h fermentation
(p < 0.05). The protocatechuic acid content in the extract increased significantly (p < 0.05)
at 24-h fermentation. Subsequently, it decreased significantly after 120-h fermentation
compared with the initial content. Moreover, there was an increase in % change of caffeic
acid at 24-h fermentation and gallic acid at 72-h fermentation from the initial value. These
findings are in accordance with the decrease in chlorogenic acid and tannin contents. The
possible mechanism of these findings was explained by Muñoz et al. [15] that L. plantarum
could produce broad range esterase enzymes (esterase, tannase) that could catalyze the con-
version of chlorogenic acid to caffeic acid, as well as the conversion of tannin to gallic acid,
respectively. For flavonoids, there was a decrease in % change of quercetin-3-O-rutinoside
which was glycoside throughout the fermentation as compared to the initial value, while
there was an increasing trend in % change of 4′,5,7-trihydroxyflavone which was aglycone
after 72-h fermentation as compared to the initial value. This result is confirmed by our
previous result related to the total flavonoid content. As glycosides are less active than
aglycone [15], an increase in 4′,5,7-trihydroxyflavone will cause higher antioxidant activity,
and these findings are consistent with an increase in antioxidant activity in all assays.

Optimum fermentation time was investigated based on the highest bacterial growth,
phenolic content, antioxidant activity, and bioactive compounds by LC-QQQ. In all param-
eters except bioactive compounds by LC-QQQ, the highest values were presented at 24-
and 72-h fermentation. However, their values were not significantly different in most of
the parameters. The highest amount of phenolic compounds determined by LC-QQQ was
found at 24-h fermentation.

4. Conclusions

A systematic study using 23 factorial designs in CRD has been conducted to inves-
tigate the factors affecting the biotransformation process of coffee pulp and the changes
observed in the bioactive compounds and antioxidant properties of the coffee pulp after the
biotransformation process. L. plantarum TISTR 543 was used as a starter for the fermenta-
tion of coffee pulp extract. At optimal time of fermentation (24–72 h), phenolic content and
antioxidant activities of the bacteria fermented coffee pulp extract significantly increased
compared with that of the initial value. Hence, we can conclude that the fermentation of
coffee pulp with L. plantarum TISTR 543 can produce higher bioactive compounds that
could yield higher antioxidant activities to be used as functional food, dietary supplements,
or active ingredients in cosmetic applications, such as fermented cascara beverage, natural
mouthwash, and anti-aging products. The researcher hopes to apply the results of this
research to develop a key ingredient in cosmetic products and functional foods to obtain
important substances with higher biological activity and to reduce the use of chemicals and
energy. In addition, the researcher hopes to develop the production process of important
cosmetic substances that are environmentally friendly.
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