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Abstract: To enhance the effects of kombucha’s beneficial compounds and their functional properties,
studies on kombucha fermentation using alternatives ingredients are needed. The aim of this study
was to formulate and optimize kombucha using hempseed as a high antioxidant, phenolic compound,
and protein contributor. An experimental central composite design (CCD) with response surface
methodology (RSM) was used for maximizing the antioxidant capacity (AC), total phenolic content
(TPC), and protein concentrations (PC) of this product. The optimized infusion concentrations were
observed at 0.017% of hempseeds and 0.00046% of black tea leaves. AC was determined by the
DPPH+ assay in microplate. TPC was determined in microplate using the Folin–Ciocalteu method.
PC was determined by Peterson’s modification of the micro-Lowry method. The optimized kombucha
results were 0.134 ± 0.002 mg Trolox Eq/mL for AC, 0.473 ± 0.027 mg GA Eq/mL for TPC, and
6.535 ± 0.477 µg/mL of PC. RSM can be developed to optimize the formulation of kombuchas to
increase the amounts of desirables compounds. This study demonstrated that hempseeds added to
kombucha have a higher antioxidant capacity, total phenolic content, and protein concentration than
traditional kombucha.

Keywords: kombucha; black tea; antioxidant capacity; protein; phenolic compounds; optimization

1. Introduction

Kombucha is a fermented tea beverage made with the use of SCOBY (Symbiotic
Culture of Bacteria and Yeast) and it is prepared by combining an infused solution of tea
and sugar and the starter culture from previous fermentation. Different tea leaf types can be
applied to produce kombucha, such as green, red, black, or yellow tea. However, black tea
and sucrose are the most popular and traditional ingredients [1,2]. During the fermentation
process, species comprising of mixed cultures vary, generally including bacterial species
of the genus Acetobacter, Gluconobacter, as well as several species of Saccharomyces and
other types of yeast. Within a culture, anaerobic fermentation of ethanol carried out by
yeast, anaerobic fermentation of organic acid carried out by bacteria, and aerobic oxidation
of ethanol to acetate carried out by bacteria along an oxygen gradient can be performed
simultaneously. The fermentation process takes place at room temperature (22 ◦C to 25 ◦C)
for a period of 7 to 14 days [3].

Kombuchas have reported the presence of beneficial compounds coming from the
raw material and from the oxidation of polyphenols during fermentation. In most cases,
kombucha contains organic acids, B vitamins, antioxidants, and trace minerals. Some
studies show that these compounds have antimicrobial, antioxidant, anticarcinogenic, an-
tidiabetic, anti-inflammatory, and cholesterol-reducing properties [4–6]. Additionally, there
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is an increased use of secondary added ingredients in beverages, such as chia, quinoa, and
hempseeds, due to their nutritional and beneficial properties to enhance those properties.
Specifically, hempseeds contain protein and antioxidant compounds that could exhibit
beneficial properties [7,8].

The tendency of variation and adaptations of kombucha formulations with different
ingredients sources, including fruits, leaves, and seeds, has been tested for the production
of new functional beverages [9,10]. However, currently, there are no reported studies
on the development of kombucha based on the addition of hempseeds into the infusion
process prior to fermentation. The extraction in water from hempseeds have shown a
rich profile of phytochemicals with high antioxidant properties, such as lignanamidas and
hydroxycinnamic acids [11,12].

The type of substrate and sugar, water-to-solids ratio, type of tea leaves, and the
ingredients added during the second fermentation may influence the final properties of
kombucha variants, such as the content of antioxidant compounds, sugars, and protein
concentration (e.g., fruits) [13,14]. Previous research tests on hempseeds have shown their
potential as a protein source and as a compound with antioxidant capacity. Thus these
seeds could be used as a substrate for producing kombucha [10,13,15].

The optimization of a formulation by means of experimental design (DOE), such as a
response surface methodology (RSM), are statistical methods that solve multiple equations
of different experiments to measure the relationship between a response and multiple
variables to fit a first-/second-order polynomial by a least significance technique. Response
optimization helps to identify the configuration values of variables that, in combination,
optimize an individual response or a set of responses. It is useful when the impact of
multiple variables on a response needs to be evaluated. The optimized values result from
fitting the mathematical model to each response evaluated. As a product of carrying out
the design, the results can be illustrated as contour plots. The contour plots can be used
to study the response surfaces and summarize the optimal parameters. Usually, the most
common DOE applied to optimize a formulation or create product prototypes are central
composite designs. The main advantage of applying this methodology in comparison
with a traditional formulation is the decrease in cost, and they reduce testing time by the
number of tests carried out during experimentation [16,17]. The aim of this study was
to optimize the formulation of a hempseed-added kombucha, using hempseeds as an
alternative substrate in order to increase the antioxidant capacity, total phenolic content
(TPC), and protein concentration.

2. Materials and Methods
2.1. Materials
2.1.1. Plant Materials

Orange pekoe black tea leaves (Camellia sinensis) of Vahdam® were obtained from
China. The hempseeds hearts (Cannabis sativa sativa) were obtained through Manitoba
Harvest® from Manitoba, Canada.

2.1.2. Chemicals

1,1-diphenyl-2-picryl-hydrazylradical (DPPH*), 6-hydroxy-2,5,7,8-etramethylchromane-
2-carboxylic acid (Trolox), ethanol reagent (C2H6O), Folin and Ciocalteu’s phenol reagent
2 N, Trichloroacetic Acid Solution 72% (w/v) (TCA), Lowry Reagent, 0.15% Deoxycholate
(DOC) Solution 0.15%, and albumin protein standard were purchased from Sigma-Aldrich
Inc., USA. All other chemicals were of analytical grade, sodium nitrite (NaNO2), sodium
hydroxide (NaOH), buffer solution pH 4, and buffer solution pH 7.

2.2. Experimental Design

This study used a CCD to find the optimum combination of black tea leaves and
hempseeds for brewing kombucha. Regression data analysis and design of experiments
(DOE) were carried out using Minitab 17 Statistical software (Minitab LLC., States College,
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PA, USA). The DOE were developed by establishing two factors using a RSM, including
five center points and two replicates. Thirteen experiments in duplicates were conducted
for the optimization of the kombucha formulation (Table 1). The factors were hempseeds
concentration (0.01% to 0.02%) and black tea leaves concentration (0.001% to 0.004%). Once
the response surface data were obtained, model optimization was performed to identify the
values of the hempseeds and black tea leaves concentration settings to increase AC, TPC
and PC. Response data were expressed as contour plots (2D representation) to show the
relationship between each response against hempseed concentration and black tea leaves
concentration. Dark red, yellow, and green tones showed higher values in response, light
green tones showed medium values in response, blue tones showed low values in response,
and dark blue tones showed very low values in response.

Table 1. Codification of the research variables in the experimental design.

Factors
Low High

−1 1

Hempseeds concentration (% w/v) 0.01 0.02
Black tea leaves concentration (% w/v) 0.001 0.004

2.3. Preparation of Kombucha

The SCOBY for the kombucha fermentation process was grown from scratch from a
Synergy® kombucha. Briefly, the beverage was placed in a glass container with a cloth
lid and incubated at room temperature in a dark place for 4 weeks. Subsequently, the tea
substrate was refreshed every week to favor inoculum growth. Tea solution was prepared
by dissolving sucrose (50 g/L) in deionized water. Then, the tea solution was infused with
hempseeds and tea leaves at 95 ± 3 ◦C for 30 min, stirring constantly. Following stirring,
the infused tea was separated through filtration using a 11 µm medium-flow filter paper
(Whatman, Little Chalfont, Buckinghamshire, United Kingdom). The SCOBY (24 g/L) were
added to ferment the infused tea and kept under aseptic conditions. Fermentation was
carried out at 22 ± 3 ◦C for 10 days. Each type of kombucha was brewed in duplicate, and
once the fermentation was finished, the samples were filtered and stored frozen at 0 ± 2 ◦C
until further analysis.

2.4. Total Phenolic Content (TPC)

Determination of polyphenols was performed according to Ramírez-Rodrigues. Total
phenolics were estimated using the Folin–Ciocalteu colorimetric method. Briefly, 200 µL of
the sample was diluted with 1 mL of distilled water and 250 µL of undiluted Folin–Ciocalteu
reagent. Immediately, 2.5 mL 7% (w/v) Na2CO3 was added. Then, a standing time was
taken (90 min) in the dark. The absorbance was measured at 760 nm using a UV-Vis
spectrophotometer model Multiskan Sky Microplate (Thermo Fischer Scientific, Waltham,
MA, USA) and compared to a pre-prepared gallic acid calibration curve (R2 > 0.94). Deter-
minations were performed in triplicate. Results were expressed as milligram of gallic acid
equivalents (GAE) per mL of extract (0–800 mg/L of gallic acid) [18].

2.5. Antioxidant Capacity (AC)

The total antioxidant capacity of the samples was measured using spectrophotometric
assays and the DPPH+ radical (2,2-diphenyl-1-picrylhydrazyl) method. The antioxidant
capacity of samples was measured according to Jakubczyk et al. and Jiménez-González
and Guerrero-Beltrán [3,19], respectively. Shortly, the spectral absorbance was measured
at 517 nm using a UV-Vis spectrophotometer model Multiskan Sky Microplate (Thermo
Fischer Scientific, Waltham, MA, USA). All assays were performed in triplicate. The
absorbance values were used to calculate the percentage of inhibition (I%).

I% =
Ao − As

Ao
× 100 (1)
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Ao is the absorbance value of 2000 µL of DPPH with 100 µL of water, and As is the
absorbance of the DPPH sample mixture.

The results of the antioxidant capacity were calculated as mg of Trolox equivalents
(TE) per gram of sample (mg TE/g) in dry basis.

Antioxidant capacity
mgTE

g
=

I% − b
m

× dilution f actor (2)

b is the intercept (1.771), and m is the slope (0.565 1/ppm) of a standard curve
(R2 = 0.991) with concentrations of Trolox (0–100 ppm).

2.6. Protein Concentration Determination (PC)

The protein concentration was determined using the Peterson modification of micro-
Lowry’s method according to Ramírez-Rodrigues et al. [18]. In brief, an aliquot of 500 µL
of protein solution of each sample was used. Then each sample was mixed with 50 µL of
deoxycholate solution (0.15%) and a standing time was taken (15 min). Next, each sample
was mixed with 50 µL of trichloroacetic acid (72%) for 10 min. Afterwards, the samples were
centrifuged at 5000 rpm at room temperature for 15 min. The supernatant was eliminated,
and the precipitated protein was added in Lowry’s solution and each sample was allowed
to stand for 15 min at room temperature, then 250 µL of Folin–Ciocalteu reagent was added,
and a standing time was taken (30 min) at room temperature. Then, the samples were
homogenized using a vortex and 200 µL aliquots were transferred into a microplate. Finally,
the absorbance was measured using a UV-Vis spectrophotometer model Multiskan Sky
Microplate (Thermo Fischer Scientific) at 720 nm. All assays were performed in triplicate.
The absorbance values were used to calculate the protein concentration according to the
calibration curve (R2 > 0.98) (25–500 µg/mL Bovine Serum Albumin).

2.7. Characterization of Optimized Kombucha

Once the optimized kombucha samples and control samples were obtained, physic-
ochemical parameters such as soluble solids content, pH, and alcohol content were de-
termined. The soluble solid content was measured by using a brixometer (Reichert Tech-
nologies, Buffalo, NY, USA. The results were expressed as ◦Brix. The pH of all samples
was determined by a pH meter, HI5522-02 (Hanna Instruments, Woonsocket, RI, USA).
The alcohol content was measured using an alcohol densimeter, K8805 (KESSLER, West
Babylon, NY, USA). The alcoholometer was immersed in the liquid and the result was read
from the Gay–Lussac Scale, and then the values were expressed in percentage.

2.8. Statistical Analysis

In all the experiments, 26 samples were analyzed, and all the assays were carried
out in triplicate. The results were expressed as mean values and standard deviation (SD).
The ANOVA and statistical analysis were performed using Minitab software, version
19.2020 (Minitab Inc., State College, PA, USA) with a 95% of confidence, and a subsequent
comparison of means with the Tukey test for optimized and control samples.

3. Results

After the 26 experiments and the control were carried out, the results of TPC, antioxi-
dant capacity, and protein concentration were obtained for each of the samples expressed
in mg GA Eq/mL, mg Trolox Eq/mL, and µg/mL, respectively (Table 2). The model shows
that the hempseed addition plays a significant role in determining the final total phenolic
content (p = 0.017) and protein content (p = 0.012), while the values of antioxidant capacity
(p = 0.062) were not significantly different. Moreover, the concentration of black tea leaves
did not have a significant role in the responses of the experiments within 95% confidence
interval of experimental values.
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Table 2. Responses table for different experimental conditions.

Independent Variables Response Variables

Samples Hempseeds (% w/v) Black Tea Leaves
(% w/v)

AC (DPPH+ mg
Trolox Eq/mL)

TPC (mg GA
Eq/mL) PC (µg/mL)

1 0.0221 0.0025 0.142 ± 0.107 0.376 ± 0.001 6.073 ± 0.032
2 0.0221 0.0025 0.146 ± 0.107 0.260 ± 0.019 6.001 ± 0.019
3 0.02 0.001 0.118 ± 0.107 0.167 ± 0.001 6.842 ± 0.065
4 0.02 0.004 0.112 ± 0.077 0.324 ± 0.001 4.148 ± 0.004
5 0.02 0.004 0.117 ± 0.107 0.136 ± 0.002 4.080 ± 0.006
6 0.02 0.001 0.146 ± 0.107 0.907 ± 0.001 7.828 ± 0.040
7 0.015 0.0025 0.138 ± 0.323 0.483 ± 0.001 4.001 ± 0.019
8 0.015 0.0004 0.134 ± 0.370 0.290 ± 0.006 4.908 ± 0.002
9 0.015 0.0046 0.139 ± 0.107 0.129 ± 0.018 4.128 ± 0.001

10 0.015 0.0025 0.108 ± 0.646 0.126 ± 0.002 4.990 ± 0.003
11 0.015 0.0025 0.143 ± 0.431 0.187 ± 0.001 4.459 ± 0.013
12 0.015 0.0025 0.141 ± 0.538 0.394 ± 0.003 5.908 ± 0.006
13 0.015 0.0046 0.141 ± 0.909 0.881 ± 0.001 5.586 ± 0.004
14 0.015 0.0025 0.135 ± 0.077 0.181 ± 0.002 5.772± 0.001
15 0.015 0.0025 0.141 ± 0.586 0.107 ± 0.017 4.148 ± 0.004
16 0.015 0.0025 0.148 ± 0.538 0.336 ± 0.002 4.120 ± 0.003
17 0.015 0.0025 0.147 ± 0.538 0.382 ± 0.001 5.459 ± 0.013
18 0.015 0.0025 0.139 ± 0.215 0.393 ± 0.005 5.772 ± 0.001
19 0.015 0.0025 0.140 ± 0.383 0.277 ± 0.001 5.291 ± 0.009
20 0.015 0.0004 0.142 ± 0.771 0.193 ± 0.003 4.328 ± 0.022
21 0.01 0.004 0.138 ± 0.323 0.353 ± 0.001 4.041 ± 0.003
22 0.01 0.001 0.128 ± 0.313 0.266 ± 0.003 1.073 ± 0.032
23 0.01 0.004 0.103± 0.323 0.105 ± 0.001 1.842 ± 0.052
24 0.01 0.001 0.143 ± 0.685 0.287 ± 0.005 0.341 ± 0.002
25 0.0079 0.0025 0.149 ± 0.598 0.179 ± 0.002 1.337 ± 0.066
26 0.0079 0.0025 0.145 ± 0.969 0.309 ± 0.002 1.041 ± 0.001

Control 0 0.0025 0.134 ± 0.215 0.206 ± 0.005 0.356 ± 0.002

All data were reported as mean values ± the standard deviations (SD) with a p < 0.05. AC is antioxidant capacity,
TPC is total phenolic compounds, and PC is protein concentration.

As Table 3 shows, the total phenolic content and antioxidant capacity from hempseed-
added kombucha obtained the highest results at concentration ratio of black tea leaves and
hempseeds of 0.02% and 0.001%, respectively, in sample 6, and 0.015% and 0.025%, respec-
tively, in sample 13. The first formulation achieved TPC 0.907 ± 0.0001 mg GA Eq/mL and
DPPH+ 0.146 ± 0.1078 mg Trolox Eq/mL. The second formulation was able to obtain TPC
0.881 ± 0.0001 mg GA Eq/mL and DPPH+ 0.141 ± 0.9091 mg Trolox Eq/mL values. Fur-
thermore, the best results of protein concentration in hempseed-added kombucha showed
the highest results of 0.02% and 0.001%, respectively, for sample 6, and 0.02% and 0.001%,
respectively, for sample 3. The first formulation achieved 7.828 ± 0.0400 µg/mL and the
second formulation obtained 6.842 ± 0.0650 µg/mL.

Table 3. Optimized kombucha formulation.

Hempseeds
(% w/v)

Black Tea
Leaves (% w/v)

AC
(mg Trolox

Eq/mL)

TPC
(mg GA Eq/mL)

PC
(µg/mL) Fit

0.0170 0.0046 0.1560 0.5636 7.8491 0.8347
AC is antioxidant capacity, TPC is total phenolic compounds, and PC is protein concentration.

Optimized Kombucha

The optimization resulted in an increase in protein concentration, total phenolic
content, and antioxidant capacity with increasing hempseeds concentration. The optimum
predictive results of protein concentration, total phenolic content, and antioxidant capacity
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(Table 3) from hempseed-added kombucha showed the highest results at concentration
ratio for black tea leaves and hempseeds of 0.017% and 0.0046%, respectively, where
the optimized values obtained were 0.1560 mg Trolox Eq/mL for antioxidant capacity,
0.5636 mg GA Eq/mL for TPC, and 7.8491 µg/mL for PC.

The ANOVA results for the selected responses are reported in Table 4. Relatively high
values for the coefficient of determination (R2 > 0.8) obtained for all responses according to
hempseeds concentration indicate a good fit of experimental data.

Table 4. Analysis of variance (ANOVA) and regression model for the response of kombucha formula-
tions according to hempseeds concentration.

Response
ANOVA Regression Model

df Adj SS Adj MS p-Value R2 S

AC (mg Trolox Eq/mL) 5 0.0018 0.0003 0.0034 0.87 0.0097
TPC (mg GA Eq/mL) 5 0.0344 0.0688 0.0377 0.80 0.0168
PC (µg/mL) 5 0.0030 0.0060 0.0176 0.84 0.0080

df is degrees of freedom, SS is sum of squares, MS is mean square, R-squared describes the model fitting,
S represents the standard deviation of the distance between the data values and the fitted value, AC is antioxidant
capacity, TPC is total phenolic compounds, and PC is protein concentration.

Table 5 shows the values obtained for the physicochemical determinations. It is ob-
served that the pH of the optimized kombucha were 2.72 and 2.68, while the pH value of the
control beverage was 2.62. All pH values were in accordance with the requirements of kom-
bucha production, since the pH must be between 2.5 and 3.5 for food safety issues [4,13,20].
Similarly, the values obtained for alcohol content respect the regulation for non-alcoholic
fermented beverages (content less than 0.05%) [1,13,20]. Lastly, the values of total soluble
solids after fermentation were within the range reported by several authors [1,3–5,14]. It
shows that the values of pH, total soluble solids, alcohol content, and antioxidant capacity
were not significantly different (p > 0.07) between optimized kombucha and control sample,
while the total phenolic content and protein content (p < 0.016) were significantly different.

Table 5. Physicochemical parameters, total phenolic content, antioxidant capacity, and protein
concentration of optimized and control kombucha formulations.

Sample Hempseeds
(% w/v)

Black Tea
Leaves pH ◦Brix Alcohol (% v/v)

AC
(mg Trolox

Eq/mL)

TPC
(mg GA Eq/mL)

PC
(µg/mL)(% w/v)

Optimized
kombucha 0.017 0.0046 2.68 ± 0.006 a 2.9 ± 0.005 a 0.047 ± 0.0901 a 0.139 ± 0.1078 a 0.426 ± 0.0933 a 4.118 ± 0.1041 a

Control 0 0.0025 2.62 ± 0.011 a 3.1 ± 0.022 a 0.044 ± 0.0003 a 0.150 ± 0.2155 a 0.206 ± 0.0005 b 0.356 ± 0.0022 b

All data were reported as mean values ± the standard deviations (SD) with a p < 0.05. Different letters indicate
statistically significant differences between samples (p < 0.05). AC is antioxidant capacity, TPC is total phenolic
compounds, and PC is protein concentration.

Corroboration experiments were performed using the predicted conditions derived
from RSM (Table 6). The experimental verification data demonstrated that the values were
reasonably close to the prediction, confirming the validity and adequacy of the predicted
models. Moreover, the experiments showed that the predicted values of AC, TPC, and PC
for the model with hempseed-added kombucha could be satisfactorily achieved within a
95% confidence interval of experimental values.

Table 6. Comparison of physicochemical parameters, total phenolic content, antioxidant capacity, and
protein concentration of kombucha samples based on experimental analysis and RSM calculations.

AC (mg Trolox Eq/mL)

Exp RSM Percentage of ratio (%)
0.139 ± 0.1078 0.1560 89.10
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Table 6. Cont.

TPC (mg GA Eq/mL)

Exp RSM Percentage of ratio (%)
0.426 ± 0.0933 0.5636 75.58

PC (µg/mL)

Exp RSM Percentage of ratio (%)
6.118 ± 0.1041 7.8491 77.94

All data were reported as mean values ± the standard deviations (SD) with a p < 0.05. AC is antioxidant capacity,
TPC is total phenolic compounds, PC is protein concentration, Exp is experimental method, and RSM is response
surface method.

4. Discussion
4.1. Total Phenolic Content and Antioxidant Capacity Determination

The changes in concentration of total phenolic compounds and antioxidant capacity
in kombucha samples are shown in Figure 1. Total phenolic compounds progressively
increased with increasing hempseed and black tea leaves concentrations. Phenolic com-
pounds are known as high-level antioxidants because of their ability to scavenge free-
radicals of oxygen, superoxide free-radicals, and hydroxyl radicals [3,21]. The increased
concentration of phenolic compounds in kombucha samples might be subjected to (1) the
acidic environment during kombucha fermentation leading to the degradation of complex
polyphenols into small molecules, which in turn results in the increase in total phenolic
compounds, (2) the enzymes liberated by bacteria and yeast in tea fungus consortium and
their role in the breakdown of phenolic compounds [5,21], (3) the content of polyphenols
and flavonoids (theaflavins and thearubgins) sourced form black tea leaves [4,22], and
(4) the phenolic compounds from hempseeds (including bioactive compounds such as
hydroxycinnamic acids, hydroxybenzoic acids, flavonoids, and lignanamides) [23,24]. In
addition, the high amount of total phenolic compounds in kombucha samples could be
attributed to pH values in the range of 2.3–3.6. Zhu et al. [25] and Jhoo et al. [26] have
reported that flavonoids and most phenolic compounds have higher stability under those
values and are unstable in alkaline solution.

Beverages 2023, 10, x FOR PEER REVIEW 8 of 11 
 

 

attributed to pH values in the range of 2.3–3.6. Zhu et al. [25] and Jhoo et al. [26] have 
reported that flavonoids and most phenolic compounds have higher stability under those 
values and are unstable in alkaline solution. 

  
Figure 1. Contour plot for Total Phenolic Content (a) and Antioxidant Capacity DPPH+ assay (b) of 
kombucha samples. 

As well, the DPPH+ scavenging abilities of kombucha samples were progressively 
increased with increasing hempseeds and black tea leaves concentration. Maximum 
increase was observed at 0.015% of hempseeds and 0.0025% of black tea leaves. The 
increased potential against DPPH+ radicals might be explained by the contribution of 
compounds from the black tea leaves and hempseeds. First, black tea leaves have been 
shown to contribute soluble and stable compounds with antioxidant capacity at 
temperatures 70 °C to 75 °C and at pH similar to the substrate for kombucha brewing 
[22,26]. Secondly, hempseeds have been reported to present high antioxidant capacity in 
products similar to the substrate for kombucha brewing, such as hempseed-fermented 
milks [23,27], whole-hempseeds beverages [28], and blended milks [29]. 

4.2. Protein Concentration Determination 
Likewise, Figure 2 displays the tendency of protein concentration in kombucha 

samples. It progressively increased with the addition of hempseeds, and it decreased in 
value with the addition of black tea leaves. Maximum increase (7.828 μg/mL) was 
observed at 0.02% of hempseeds and 0.001% of black tea leaves. The behavior might be 
explained by the presence of hemp proteins, albumin and globulins. These proteins 
display a 60% pH-solubility profile at pH 3 [30], close to the usual kombucha pH values. 
Additionally, those proteins show an isoelectric point at about pH 5.0 [31]. 

  

0.001

0.0013

0.0016

0.0019

0.0022

0.0025

0.0028

0.0031

0.0034

0.0037

0.004

0.
01

0.
01

1

0.
01

2

0.
01

3

0.
01

4

0.
01

5

0.
01

6

0.
01

7

0.
01

8

0.
01

9

0.
02

Bl
ac

k 
te

a 
le

av
es

 (%
w
/v

)

Hempseeds (%w/v)

(a) Contour plot TPC (mg Trolox Eq/mL)

0.502-0.532

0.458-0.502

0.414-0.458

0.37-0.414

0.326-0.37

0.282-0.326

0.238-0.282

0.194-0.238

0.15-0.194

0.001

0.0013

0.0016

0.0019

0.0022

0.0025

0.0028

0.0031

0.0034

0.0037

0.004

0.
01

0.
01

1

0.
01

2

0.
01

3

0.
01

4

0.
01

5

0.
01

6

0.
01

7

0.
01

8

0.
01

9

0.
02

Bl
ac

k 
te

a 
le

av
es

 (%
w
/v

)

Hempseeds (%w/v)

(b) Contour plot AC (mg Trolox Eq/mL)

0.147-0.152

0.142-0.147

0.137-0.142

0.132-0.137

0.127-0.132

0.122-0.127

0.117-0.122

0.112-0.117

Figure 1. Contour plot for Total Phenolic Content (a) and Antioxidant Capacity DPPH+ assay (b) of
kombucha samples.

As well, the DPPH+ scavenging abilities of kombucha samples were progressively in-
creased with increasing hempseeds and black tea leaves concentration. Maximum increase
was observed at 0.015% of hempseeds and 0.0025% of black tea leaves. The increased po-
tential against DPPH+ radicals might be explained by the contribution of compounds from
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the black tea leaves and hempseeds. First, black tea leaves have been shown to contribute
soluble and stable compounds with antioxidant capacity at temperatures 70 ◦C to 75 ◦C
and at pH similar to the substrate for kombucha brewing [22,26]. Secondly, hempseeds
have been reported to present high antioxidant capacity in products similar to the substrate
for kombucha brewing, such as hempseed-fermented milks [23,27], whole-hempseeds
beverages [28], and blended milks [29].

4.2. Protein Concentration Determination

Likewise, Figure 2 displays the tendency of protein concentration in kombucha sam-
ples. It progressively increased with the addition of hempseeds, and it decreased in value
with the addition of black tea leaves. Maximum increase (7.828 µg/mL) was observed
at 0.02% of hempseeds and 0.001% of black tea leaves. The behavior might be explained
by the presence of hemp proteins, albumin and globulins. These proteins display a 60%
pH-solubility profile at pH 3 [30], close to the usual kombucha pH values. Additionally,
those proteins show an isoelectric point at about pH 5.0 [31].
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4.3. Characterization of Optimized Kombucha

The pH of kombucha samples were between 2.62 and 2.72 after 10 days of fermentation
due to increased concentration of organic acids produced during the fermentation process
by bacteria and yeasts in the tea fungus consortium. It has been reported that fermentation
broth shows buffer capacity. That is because the obtained water solution of carbon dioxide
dissociates and produces the amphiprotic hydrocarbonate anion, which easily reacts with
hydrogen ions from organic acids, preventing further changes in the H+ concentration and
contributing to a buffer character of the system [32,33]. The pH values were according
to Narko et al. [16], Murphye et al. [20], and Jayabalan et al. [2] where they reported that
pH values must be between 2.5 to 3.3 to prevent other pathogenic bacteria from growing.
Finally, alcohol content was in accordance with the Alcohol and Tobacco Tax and Trade
Bureau [34], where it is indicated that the alcohol content of kombuchas should not exceed
0.5%, i.e., not to exceed 0.5 mL of alcohol per 100 mL of kombucha.
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5. Conclusions

The conclusions for the optimization process of hempseed-added kombucha are
described as follows:

This study demonstrated that hempseed-added kombuchas have a higher antioxidant
capacity, total phenolic content, and protein concentration than a traditional kombucha,
which indicates that the addition of new ingredients in the beverage formulation improves
the nutritional content of the beverage.

The optimum condition for maximizing protein concentration, total phenolic com-
pound content, and antioxidant capacity was obtained when the concentration of black
tea leaves and hempseeds were (a) 0.017% and 0.0046%, respectively, and (b) 0.018% and
0.0004%, respectively.

The presented design analysis suggests that the concentration ratio of hempseeds have
significant influence on the values of protein concentration and total phenolic compound
content. Therefore, the design of experiments and the model optimization process are
useful for the formulation of new products with customized target responses according to
consumption objectives. Specifically, RSM can be developed as a reference to optimize the
formulation of kombuchas to increase the amounts of desirables compounds.

To study further applications of the optimized formulation, it will be necessary to
implement a sensory study of the optimized kombucha beverages.
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