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Abstract. Purifying and drying both fermented biomasses of broccoli (Brassica oleracea L.) and 

spinach (Amaranthus sp.) by Kombucha culture has been conducted to recover concentrate and 

powder of folic acid. The aims of this study is to determine the differences of particles 

characteristics and compositions of concentrate and powder from both mentioned folic acid source 

through Micro Filtration (MF) membrane and without MF membrane. The best folic acid produced 

by MF membrane process (room temperature, stirrer rotation speed 400 rpm, pressure 40 psia and 

30 minutes) and drying (30 °C, 22 cm Hg and 24 hours) were resulted in biomass of the concentrate 

and powder with compositions of total solids 6.29 % and 96.91 %, total polyphenol 0.25 % and 0.06 

%, folic acid 58.8 μg/mL and 54.33 μg/mL, reducing sugar 105.34 mg/mL and 441.39 mg/mL, and 

total acids 0.57 % and 2.33 %, respectively. In optimum condition, fermented spinach concentrate 

contributed to particles distribution with diameter size (Ø) between 0,4 and 100 μm (75.45 %), and 

with Ø between 100 and 1000 μm (26.3 %), otherwise, the process without MF membrane was 

resulted the particles distribution respectively 74.1 % and 25.9% by each interval of Ø.

1  Introduction 
Broccoli (Brassica oleracea L.) and spinach 

(Amaranthus sp.) fermented by Kombucha culture have 

potential utilization as food functional fortificant as folic 

acid source to enhance brain smartness and prevent 

anaemia [1]. Novelty aspect of this fermentation process 

is based on ability of Kombucha culture in degrading tea 

polyphenol during preparation of Kombucha tea [2, 3, 

4].  

Potential exploration of folic acid in spinach 

(Amaranthus sp.) will make this commodity as 

alternative resource of natural folic acid. Polyphenols 

contained in broccoli and spinach are source of folic acid 

produced by activity of microbes in Kombucha culture 

through de novo biosynthesis [5] in amino acids 

(adenine, hisyidine, methionine) from Kombucha culture 

(fungi, bacteria, yeast) and tea leaves. 

This biosynthesis involves enzyme activities of 

dihydrofolate synthase (DHFS) and ypolyglutamate 

synthease (FPGS) to form dihydrofolate and 

polyglutamate folate, a derivative of folic acid [5], in 

which this process is occurred only on plant and microbe 

[6]. Kombucha cultures containing Acetic Acid Bacteria, 

such as Acetobacter xylinum and yeast, such as 

Saccharomyces cereviseae, Saccharomyces ludwigii, 
Saccharomyces bisporus, Zygosaccharomyces sp. and 

various type of khamir (Torolupsis sp.) [7] could 

possibly degrade polyphenol and amino acids in broccoli 

and spinach. It has been known that there are more than 

eight types of specific enzymes from plant, which have 

important roles in this synthesis, particularly 

esterification of ρABA with glucose [8]. 

 
Fig. 1. Chemical Structure of Folic Acid 

 

Process of concentrating biomass for both fermented 

broccoli and spinach through MF membrane (0.15 μm) 

equipped in dead-end stirred microfiltration cell 

(DESMFC) produces concentrate and permeate with 

different specification. MF membrane retains more folic 

acid in concentrate than in permeate, although particle 

size of folic acid is smaller than pore size in MF 

membrane used (0.01 μm < 0.15 μm) [9]. Its occurrence 

of fouling is possibly caused by operation condition 

factors such as pressure and time, membrane type, 

characteristic of biomass [10, 11]. In drying process of 

biomass concentrate using vacuum dryer at 30 °C for 24 

hours and biomass without MF membrane process as 
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comparison, recovery of powder affect on composition, 

particles size and distribution. For smaller particles size 

and larger particles distribution enable better surface 

tension recovery on formulation so that it facilitates 

application process on functional property in ability of 

adsorption of folic acid by body. 

The aims of this experimental study was to determine 

the differences of particles characteristic and distribution 

of particles size, and compositions of concentrate and 

powder from both fermented broccoli and spinach by 

Kombucha culture as folic acid source through MF 

membran and without MF membrane as in biomass 

2 Experimental details 

2.1 Materials, equipments and analysis 
instrument  

Main materials used in this experimental work were 

fresh green spinach (Amaranthus sp.) and broccoli 

(Brassica oleracea L.) purchased from local market, 

sucrose, Kombucha culture (Research Centre for 

Chemistry – LIPI), 0.15 μm microfiltration (MF) 

membrane (FSM-0.15-PP, Danish Separation Systems, 

Denmark), distilled water, and chemicals for preparation 

and analysis purposes. All of the chemical reagents used 

were of analytical grade quality.  

The main equipment used in this experimental work 

were glassware (cylinder glass, beaker glass, erlenmeyer 

flask, stoppered conical flask), high precision balance 

(Fujitsu, Japan), fermentation system in laboratory scale 

(local), laminar flow chamber (local), incubator (local), 

blender, sieves of 60 mesh and 80 mesh (Retsch, 

Germany), magnetic stirrer (HI 303 N, HANNA 

Instrument, Japan), pressure gauge of nitrogen (Fisher 

Scientific Company, England), cylindrical tank for 

nitrogen (local), stop watch (Hanhart Profil 2, Germany), 

Dead-End Stirred Ultrafiltration Cell (DESUFC) 

(Amicon, Model 8200, MILLIPORE, U. S. A.), vacuum 

dryer (Vacutherm, Heraus Type VT 6060 P, Kendro 

Laboratory Products, Germany), and porcelain mortar & 

pestle (Z247529-1EA, SIGMA-ALDRICH). Analysis 

instruments were UV-Vis Spectrophotometer (Model 

RF-550, Shimadzu, Japan) and Particle Size Analyzer 

(Beckman Coulter LS 100 Q, U. S. A.).  

2.2  Experimental design and analysis   

Experimental work performed by using biomass filtrates 

of fermented broccoli and spinach by Kombucha culture 

which were filtered via 80 mesh and further purified by 

MF membrane (0.15 μm) equipped in DESMFC and 

resulted in retentate (concentrate) and permeate [12]. 

Analyses were carried out on total solids (Gravimetric 

method), total acids (Titrimetric method), reduction 

sugars (Somogyi Nelson method) [13], total polyphenol 

(Folin-Denis method) [14], folic acid (UV-Vis 

Spectrophotometer) [15] and particles distribution (LS 

Particle Size Analyzer) (Bacman Coulter). Process and 

analysis were conducted in duplicate. Data were 

processed in descriptive analysis based on average 

values. 

2.3 Process steps 

2.3.1  Fermentation process 

Fermentation process of fresh broccoli was  

subsequently blanched at 80 °C for 5 minutes, water was 

added at Brocolli to water ratio 1 part : 4 parts,  

pulverized and filtered via a 80 mesh sieve to produce 

filtrate and residue. The broccoli filtrate was then used as  

substrate in fermentation process. In this fermentation 

process, substrate was added as inoculum of broccoli (15 

%, v/v vegetable filtrate) [9] , sucrose 10 % added (w/v 

filtrate) and stored in closed container using cloth 

followed by aeration in dark room at room temperature 

for 6 days. The whole fermentation activities were 

aseptically. Both similar method and concentrations of 

inoculum of vegetable and sucrose was applied for 

spinach for 15 minutes. Results of these fermentation 

processes were fermented broccoli and spinach. 

Recovery of each biomass were used as feed in purifying 

process of folic acid through MF membrane (0.15 μm). 

2.3.2   Purifying and drying processes 

A number of fermented broccoli suspension was filtered 

through 80 mesh sieve, and filtered via 0.15 μm MF 

membrane fitted in DESMFC at stirrer rotation speed 

400 rpm, room temperature and pressure 40 psia for 30 

minutes. Same method and process condition were done 

for fermented spinach suspension. The result of MF 

membrane process on fermented broccoli suspension 

were retentate of fermented broccoli or spinach 

(concentrate) and then dried using vacum at 30 °C for 24 

hours, reduced size and sieved via 60 mesh. The 

flowchart of the overall process is shown in Figure 2.   

2.3.3   Folic acid analysis  

Analysis of folic acid was done by using 

spectrophotometer method according to reaction of 

diazotization acid p-aminobenzoylglutamic yielded after 

reduction reaction of folic acid and 3-aminophenol to 

form yellow-orange complex. One (1) mL of standard 

folic acid or sample was subsequently added by 1 mL of 

Hydrochloric (4 M), 1 mL of Sodium Nitrite 1 % (w/v), 

1 mL of Sulfamic Acid 1 % (w/v) and 1 mL of 3-

Aminophenol 1 % (w/v) and then vortexed to form 

yellow-orange complex. Further, absorbance was 

measured by using UV-Vis Spectrophotometer at 

wavelength of 460 nm [15].     
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Fig.2. Flow diagram of recovery of fermented broccoli and spinach concentrate powders via microfiltration membrane process. 
 

 
3 Results and discussion 

3.1 Effect of purifying fermented biomass of 
broccoli and spinach by Dead-End Stirred 
Microfiltration Cell (DESMFC) 

Both broccoli and spinach fermented by kombucha 

culture were produced through blanching, pulverizing, 

sieving via 100 mesh and fermentation in closed 

container and dark room at room temperature for 6 days 

and 3 days, respectively [9]. Purifying process on 

biomass using MF membrane (pore size 0.15 μm) fitted 

in dead-end stirred microfiltration cell (DESMFC) at 

stirrer rotation speed 400 rpm, room temperature and 

pressure 40 psia for 30 minutes were resulted in 

retentates (concentrates) of fermented broccoli and 

fermented spinach as thick suspension with brownish 

yellow and brownish turbid, as represented in Figures 3. 

Purification process of fermented vegetables 

produced recovery of folic acid in concentrates of 

fermented broccoli (88.14 %) and fermented spinach 

(89.18 %) when compared to retentate and permeate. 

When compared to folic acid in fermented broccoli and 

fermented spinach feeds, this purification process was 

able to separate folic acid in concentrates, namely from 

43.10 μg/mL to 28.1 μg/mL (65.2 % or 0.65 folds) and 

from 54.83 μg/mL to 58.90 μg/mL (107.72 % or 1.07 

folds). Purification process also showed difference in 

compositions of component in retentate (concentrate) 

and permeate, in which DESMFC was able to retain 

more total solids, folic acid and reducing sugars in 

retentate (concentrate), but not able to retain total 

polyphenols and total acids in which it was passed freely 

across as permeate. Selectivity of MF membrane has 

significant effect on compositions of retentate 

(concentrate) and permeate and it is affected by 

operation condition, such as stirrer rotation speed, 

temperature, pressure, time and material type [16]. 

 

Fig. 3 (a) Spinach fermented for 3 days, (b) permeate (extract) 

and (c) retentate (concentrate) of fermented spinach as a result 

of MF (0.15μm) membraneprocess, (d) broccoli fermented for 

6 days, (e) permeate (extract) and (f) retentate (concentrate) of 

fermented broccoli as a result of MF (0.15μm) membrane 

process. 

 

Table 1. Composition of fermented broccoli and spinach as feed and as a result of purification via 0.15 μm MF membrane. 

Types of Material 
Composition 

Total Solid 
(%) 

Total 
Polyphenol(%) 

Folic Acid 
(μg/mL) 

Reducing 
Sugar (mg/mL) 

Total Acid 
(%) 

Fermented broccoli (6 days)/Feed 5,60 0,05 43,10 96,51 0,10 

Fermented broccoli concentrate (**) 5,76 0,06 28,10 66,09 0,93 

Fermented broccoli permeate 3,60 0,07 3,78 43,38 0,82 

Fermented spinach (3 days)/Feed 7,90 0,07 54,83 86,30 0,58 

Fermented spinach concentrate (**) 6,29 0.25 58,90 105,34 0,57 

Fermented spinach permeate 8,25 0,08 7,14 116,43 0,47 
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3.2 Effect of drying on composition of 
fermented broccoli and spinach 

Drying process at vacuum 22 cm Hg and 30 °C for 24 

hours by vacuum dryer produced both fermented 

broccoli and spinach with different composition, as 

illustrated in Figure 4. Drying process increased total 

solids concentration on both fermented broccoli and 

spinach concentrates as a result of MF membrane 

process from 5.76 % to 94.37 % (92.83 %) and from 

6.28 % to 96.43 % (93.48 %), respectively. Total solids 

concentration are not different compared with recovery 

of total solids from biomass without MF membrane 

process, namely 93.55 % and 96.91 %. Total solids of 

biomass are accumulation of the whole solids both 

soluble and insoluble [13].  

 
Fig. 4 Effect of drying on total solids and folic acid in both 

fermented broccoli and spinach with and without through MF 

membrane process 
 

Different pattern observes on folic acid content, in 

which the concentrate of fermented broccoli produced 

via MF membrane pressure increase from 28.1  μg/mL 

to 36.4 μg/mL (29.54 %), higher than recovery of folic 

acid in powder  from biomass without MF membrane 

processes (34.27 μg/mL). Whereas, in biomass of  

fermented spinach, folic acid decrease from 58.1 μg/mL 

to 39.8 μg/mL (31.5 %), and become lower than 

recovery of folic acid in powder from biomass without 

MF membrane processes (54.339 μg/mL). Fermented 

spinach possibly contain more than fermented broccoli 

in which same drying process condition gave different 

evaporation rate. At the same time, folic acid is 

integrated with other components. Folic acid was not 

stable, particularly when being exposed to heating, light 

and mechanic activation [17]. 

Drying process also increased organic acids as total 

acids, but decreased total polyphenol both fermented 

broccoli and fermented spinach, as represented in Figure 

5. Increasing total acids concentration on fermented 

broccoli and fermented concentrate powders processed 

via MF membrane were from 0.93 % to 4.67 % (402.15 

% or 4 folds) and from 0.57 % to 2.33 % (308.77 % or 3 

folds). When compared to total acids from biomass 

without MF membrane process, these total acids 

concentration are similar with concentration of total 

acids in biomass concentrate powder without MF 

membrane, namely 4.67 % and 2.33 %. This is possibly 

caused by organic acids linked strong on solutes so that 

raising total solids would increase total acids 

concentration, as well. Total acids are all organic acids 

produced as metabolite by invertase enzyme activity of 

microbes, in which sugars are fermented to form organic 

acids and further to form alcohol [3.4]. Organic acids 

contribute fresh aroma in biomass like as fruit aroma. 

Drying process increased reducing sugars for both 

concentrates of fermented broccoli and spinach as a 

result of MF membrane processes from 66.09 mg/mL to 

412.18 mg/mL (523.66 % or 5.23 folds) and from 105.34 

mg/mL to 545.59 mg/mL (417.93 % or 4.18 folds). 

Reducing sugars in fermented broccoli was lower than 

reducing sugar in powder from biomass without MF 

membrane process (537.60 mg/mL), however it was 

higher than in powder of biomass without MF membrane 

process (441.39 mg/mL). 

Drying process also showed higher concentration of 

total polyphenol in fermented spinach powder (0.05 %) 

than in fermented broccoli powder (0.04 %). Based on 

the results of overall processes, it shown that fermented 

spinach produced better total polyphenol than fermented 

broccoli both with and without MF membrane process. 

Total polyphenols are all polyphenols compound and 

their derivatives from both vegetables type, in which 

their concentrations would decrease with longer 

fermentation time [9]. A reduction of total polyphenols 

were caused by heat conductive during drying process, 

as well. 

 

 
Fig. 5 Effect of drying on total acids and total polyphenol in 

both fermented broccoli and spinach with and without through 

MF membrane process. 

 

Drying process also raise reducing sugars from both 

types of biomass, as demonstrated in Figure 6. Reducing 

sugar is all of sugars as a result of fermentation, which 

has reduction property as metabolite. 

 

 
Fig. 6 Effect of drying on reducing sugars in both fermented 

broccoli and spinach with and without through MF membrane 

process. 

Kombucha culture produce glucose as source of 

carbon to metabolite, however not of all glucose was 

fermented by various factors, particularly microbes 
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internal factors and fermentation condition (temperature 

and time) and substrate type. 

Reducing sugars in powder from both concentrates of 

fermented broccoli and spinach are increased as a result 

of MF membrane processes from 66.09 mg/mL to 

412.18 mg/mL (523.66 % or 5.23 folds) and from 105.34 

mg/mL to 545.59 mg/mL (417.93 % or 4.18 folds). 

Reducing sugars in fermented broccoli was lower than 

reducing sugar in powder from biomass without MF 

membrane process (537.60 mg/mL), however it has 

higher content compared with reducing sugar in powder 

of biomass without MF membrane process (441.39 

mg/mL). 

3.3 Characteristics of particles of fermented 
broccoli and spinach concentrates 

Purification process on fermented broccoli and 

fermented spinach through MF membrane process 

produced concentrates of biomass with different particles 

characteristic with biomass without via MF membrane 

process, as shown subsequently in Figures 7 and Figure 

8.  

3.3.1  Fermented Broccoli 

Particles distribution on biomass of fermented 

broccoli without MF membrane process in Figure 7a has 

no particles with diameter size (Ø) ranging from 0.4 μm 

to 1 μm or < 1 μm (0 %), but there are particles with Ø < 

10 μm or between 0.4 μm and 10 μm (47.5 %), particles 

with Ø < 100 μm or between 0.4 μm and 100 μm (100 

%) and particles with Ø < 1000 μm or between 0.4 μm 

and 1000 μm (100 %) from 100 % of material volume. 

In other words, 47.5 % of concentrate is particles with Ø 

between 0.4 μm and 100 μm, and particles with Ø > 100 

– 1000 μm or the whole particles were dominated by 

particle with Ø < 100 μm. Particles distribution in 

biomass of fermented broccoli concentrate, as shown in 

Figure 7b from result of MF membrane at stirrer rotation 

speed  400 rpm, room temperature and pressure 40 psia 

for 30 minutes indicated subsequently particles with Ø 

between 0.4 μm and 1 μm or < 1 μm (2.15 %), particles 

with Ø < 10 μm or between 0.4 and 10 μm (24.1 %), 

particles with Ø < 100 μm or between 0.4 – 100 μm 

(49.2 %) and particles with Ø < 1000 μm or between 0.4 

– 1000  μm (100 %) from 100 % of material volume. In 

other words, 75.45 % of concentrate is particles with Ø 

between 0.4 μm and 100 μm and 24.55 % of remain was 

particles with Ø > 100 – 1000 μm or the whole particles 

were dominated by particles with Ø < 100 μm. 

Concentrate of fermented spinach produced via MF 

membrane process in Figure 8b indicated particles with 

Ø between 0.4 and 1 μm or < 1 μm (5.21 %), particles 

with Ø < 10 μm or between 0.4 and 10 μm (73.7 %), 

particles with Ø < 100 μm or between 0.4 and 100 μm 

(100 %) and particles with Ø < 1000 μm or between 0.4 

and 1000 μm (100 %) from 100 % volume of material. 

In other words, 73.7 % of concentrates was particles 

with Ø between 0.4 μm and 100 μm, and 26.3 % of 

concentrate was particles > 100 – 1000 μm or the whole 

particles were dominated by particles with Ø < 100 μm. 

 
Fig.7 Particles distribution on fermented broccoli (feed) (a) and 

fermented broccoli concentrate powder (b). 

 

Difference in particles size was possibility caused by 

contribution of particles size reduction as a consequence 

of MF membrane process. Its occurrence of interaction 

amongst particles by driving force at stirrer rotation 

speed 400 rpm, room temperature and pressure 40 psia 

for 30 minutes causes a part of particles broken to 

smaller size, like process of size reduction. Biomass of 

fermented spinach is a group of particle components and 

microbes (fungi, yeast, bacteria) which have various 

particles size. Its composition showed a domination of 

polyphenol derivatives with molecular weight (MW) 

between 191.08 Dalton (Da.) and 192.78 Da., and total 

acids organic as Lactic Acid derivatives with MW from 

251.13 Dalton (Da.) to 252.14 Da. or particles size with 

Ø < 1 μm [9].  

Fig. 8 Particles distribution on fermented spinach (feed) (a) and 

fermented spinach concentrate (b). 
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4 Conclusion 
DESMFC mode was able to separate and recover folic 

acid in both fermented broccoli and spinach concentrates 

0.65 folds and 1.07 folds, respectively when compared to 

feed and retain more total solids, folic acid, and reducing 

sugar in concentrate. Drying process increased total 

solids, folic acid, total acids and reducing sugar, but 

decreased total polyphenol in both fermented broccoli 

and spinach concentrate powders produced via MF 

membrane process. Based on recovery of folic acid, 

optimization of MF membrane and drying processes was 

achieved by type of fermented spinach and gave 

concentrate and powder with compositions of total solids 

6.29 % and 96.91 %, total polyphenol 0.25 % and 0.06 

%, folic acid 58.8 μg/mL and 54.33 μg/mL, reducing 

sugar 105.34 mg/mL and 441.39 mg/mL, and total acids 

0.57 % and 2.33 %, respectively. While, fermented 

broccoli gave concentrate and powder with compositions 

of total solids  5.76 % and 94.37 %, total polyphenol 

0.06 % and 0.04 %, folic acid 28.1 μg/mL and 36.39 

μg/mL, reducing sugar 66.1 mg/mL and 412.18 mg/mL, 

and total acids 0.93 % and 4.67 %, respectively. 

Concentrates of fermented broccoli and spinach gave 

particles distribution with diameter size (Ø) between 0.4 

and 100 μm of 75.45 % and 73.7 %, and particles 

distribution with Ø between 100 – 1000 μm of 24.55 % 

and 26.3 %, respectively. Whereas, biomass of 

fermented broccoli and spinach without MF membrane 

process gave particles distribution with Ø between 0.4 – 

100 μm of 47.5 % and 74,1 %, and particles distribution 

with Ø between 100 – 1000 μm of 52.5 % and 25.9 %, 

respectively. 
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