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Abstract 

Kombucha is a fermented beverage that has recently picked up popularity for its health benefits. 

Our team wanted to find out if the microorganisms that are claimed to be in the drink are really 

there. So we asked: Do the microbes of the House Kombucha final product look like the SCOBY, 

and are we able to identify any? Through several attempts at plating and many types of stains 

we were able to find a large number of similarities between the SCOBY and House Kombucha 

final product. We were also able to potentially identify at least one bacterium. After looking at all 

our data we have determined that both have very similar microorganisms. 

 

Introduction 

 Kombucha, a sweet and sour fermented tea from Russia, has recently become 

popular in the US for its delicious taste and purported health benefits. The brewing 

process relies on a consortium of bacteria and yeast species, whose metabolic 

byproducts give the drink its carbonation and distinctive flavor (Jayabalan et. al., 2014). 

Every batch of kombucha begins with a “mother” SCOBY (symbiotic colony of bacteria 

and yeast), a slimy biofilm resembling a mushroom. The brewer inoculates a batch of 

green or black tea with the SCOBY, and the microbes in it multiply and ferment the tea 

(see Figure 1). The SCOBY continues growing as long as it has nutrients. Portions of it 

can be separated to start new SCOBYs, which may be used in new batches or 

distributed to other brewers. Because SCOBYs are dynamic symbiotic communities, no 

two are exactly the same, and the relative abundance of species is in constant flux. 

Brewers themselves do not know the precise microbial composition of the SCOBYs they 

use. 

 Recent studies have sought to identify the microbes in kombucha, using culture-

dependent methods like plating, staining, and biochemical tests and culture-

independent methods like PCR (Villarreal‐Soto, et. al., 2018; Coton, et. al., 2017; Ali, et. 

al., 2017; Jayabalal et. al., 2014; Marsh et. al., 2014; Teoh et. al., 2004; Mayser et. al., 

1995). The acetic acid bacterium Acetobacter xylinum (also called Gluconacetobacter 

xylinus and Komagataeibacter xylinus) was consistently the most abundant. It appears 

essential for all kombucha, because the cellulose it produces begins the SCOBY biofilm 

(Villarreal‐Soto et. al., 2018). Other bacteria commonly found in kombucha include 

Bacillus subtilis, Oenococcus oeni, and many additional species from genus 

Acetobacter, Gluconacetobacter, and Lactobacillus. 

 This project had two goals: (1) to determine whether the sample SCOBY and 

final product (tea) contained similar microbial communities, and (2) to attempt to isolate 

and identify microbes known to be common in kombucha. It was hypothesized that 

samples from the SCOBY and tea would feature the same species in roughly the same 

relative abundances.  



The secondary goal of identifying the microbes was overly ambitious, so this 

project offers educated guesses rather than definitive identifications. Previous 

kombucha scholarship served as a guide to likely organisms and their characteristics. 

For acetic acid bacteria, we were looking for slightly curved, short, Gram negative rods 

without endospores. Acetobacter species are obligate aerobes, catalase positive and 

oxidase negative (Bergey et. al., 2000). For Lactobacillus species, we expected to find 

long Gram-positive rods. They are facultative anaerobes, negative for both catalase and 

oxidase, with the ability to ferment lactose (Bergey et al., 2000). We had little to guide 

our investigation of the yeasts, besides descriptions and photos of their morphology. We 

hoped to find at least two distinct species, even if we could not identify them. 

 

Materials 

Media 

Tryptic Soy Agar (TSA) plates 

Eosin Methylene Blue (EMB) plates 

Sabouraud Dextrose Agar (SDA) plates 

Glucose Yeast Extract Calcium Carbonate (GyEc) plates 
Snyder Test Agar 
Depression slides 
Gram Stains 

Endospore stain 

Methylene blue 

Samples 

The sample SCOBY and kombucha tea product both came directly from the House 

Kombucha factory in San Leandro, CA. 

 

Methods 

Before we attempted to inoculate a plate for growth we decided to examine the 

product itself under a microscope to see if we could find any microorganisms. As we 

were preparing a slide with a sample of the SCOBY we noticed something wriggling in 

the droplet. These turned out to be vinegar eels (Turbatrix aceti), a harmless 

roundworm typically found in unpasteurized vinegar (Cultures For Health, 2016). 

Vinegar eels should not be found in the finished product, and they were reassuringly 

absent in the House Kombucha tea. After our surprise discovery we were able to view 

the SCOBY and finished product under a microscope at 100x. We were able to observe 

many types of microorganisms, and other than the vinegar eels, we did not notice any 

significant differences between the SCOBY and finished product in this initial inspection. 

We started by inoculating two of each plate type, one with a sample from the 

SCOBY and the other with a sample the house kombucha. Various media were used to 

select for different kinds of organisms (Chart 1). 

 



Chart 1: Media Used 

Medium Selectivity 

Tryptic Soy Agar (TSA) Not selective 

Eosin Methylene Blue For Gram-negative bacteria; also allows yeast 
(kills Gram-positive bacteria) 

Differential for lactose fermentation 

Sabouraud Dextrose Agar (SDA) For Yeast; 
 also allows acid-tolerant bacteria 

Glucose Yeast Extract Calcium 
Carbonate (GyEc) 

Acetic Acid Bacteria 
 

 

We used a fixed volume pipette to add 20µL to each plate which we then spread 

out over the plate. They were incubated at room temperature for two days. This failed to 

visibly grow anything in the two days. Our second inoculation attempt  added 100µL to 

each plate which was then spread out using the "hockey stick method." The glass 

instrument used in this technique ensured an even spread of the liquid. The inability to 

do a streak plate was the downside of having to use the hockey stick method to see 

growth. The plates were again left to incubate at room temperature for 5 days. This 

resulted in successful colony growth on all plates. 

Tryptic Soy Agar was inoculated one time by first adding 100 microliters of both 

the SCOBY and House Kombucha product, using the “hockey stick” method. This 

method was used to ensure growth on the petri dish. The tool itself is made of glass, 

with an “L” shaped hook at the end. Before use it needs to be sterilized, so it is dipped 

in 70% Ethanol and passed through bunsen burner flame. Once the glass has cooled, 

the lid of the petri dish is carefully removed. With the other hand the “hockey stick” is 

lightly used over the surface to spread the inoculum. The plate was incubated until 

bacteria colonies grew, at 37℃. 

Endospore Staining is a differential staining technique used to recognize 

vegetative cells and endospores. Because endospores are resistant to staining the 

primary stain used, which is Malachite Green, has to be forced by heat into the spores’ 

walls. The vegetative cell will be pink from the carbon fusion red, and the endospore will 

remain green. On a clean microscope slide, an inoculating loop is used to culture the 

SCOBY and House product to be air dried. It is then heat fixed, and a small piece of 

blotting paper is placed over the slide. The slide is set on top of wire mesh, under a 

tripod. The key to this stain is the constant need for heat and to keep it moist, by adding 

Malachite Green when needed. The bacteria cells are under this condition for only five 

minutes and then set aside to cool for another five minutes. It is rinsed thoroughly with 

deionized water and counter stained with safranin. Once rinsed and blotted dry, the 

slide is prepared to be viewed under 1000x magnification on a microscope. 

Eosin Methylene Blue Agar was used to confirm that our SCOBY and House 

product included some Gram-negative species. It is a differential medium, that slightly 



inhibits the growth of Gram positive bacteria and distinguishes lactose and non lactose 

fermenters (like enteric bacilli). To inoculate the SCOBY and House product 100µL was 

added to the petri dish using the “hockey stick” method one time to spread the bacteria 

across the agar .This method was used ensure growth on the petri dish. The plates 

were incubated until bacteria colonies grew, at 37℃.  

Sabouraud Dextrose Agar is a selective medium used to isolate fungi and yeast. 

The use of dextrose is a carbon and energy source for the microbes and the pH level is 

acidic inhibiting the growth of bacteria.To inoculate 100µL was added to the petri dish 

using the “hockey stick” method one time to spread the bacteria across the agar. The 

plate was incubated until bacteria colonies grew, at 37℃.  To test further, an isolation 

plate should have been used to narrow down the possible fungi and yeast. Just from 

morphology and color identification it is possible the plates grew some Candida albicans, 

Saccharomyces sp., and Brettanomyces bruxellensis. 

Glucose Yeast Extract Calcium Carbonate Agar was used to promote the growth 

of Acetobacter. After a lawn of bacteria had grown on both the SCOBY and House 

product plates a gram stain was prepared from each of them. The gram stain revealed 

that both samples had similar microorganisms, including gram negative rods. In an 

attempt to isolate the rods, which were suspected to be Acetobacter, two streak plates 

were made from the lawn of the previous plates. After inoculation the plates were left to 

incubate at 37℃ for 5 days. At the end of the 5 days the plates were inspected. While 

the SCOBY had failed to isolate, the house product was successful. A gram stain was 

prepared and microscopic inspection at 100x revealed the isolate to be gram negative 

rods 0.6μm x 1.2μm. This colony was then given a catalase test which came out 

positive, and then an oxidase test which came out negative. 

A Snyder Test was performed to check for lactic acid fermentation. Samples from 

the SCOBY and House product were inoculated into test tubes and after incubation at 

room temperature for a few days both tests came back positive, going from green to 

yellow/brown. 

A Hanging Drop Motility Test was performed on the House product to find out if 

live microbes were swimming around in the drink. Bacterial movement was observed in 

short rods, confirming the presence of motile bacteria in the consumed beverage. 

 

Results  

The many plate cultures, stains, and tests produced a large quantity of data for 

analysis. Organisms grew successfully on all plates. Some plates showed multiple 

colony types. Isolation of these proved difficult, likely because the microbes were 

interlaced and attached to each other in the biofilm. Some of our colonies might have 

been biofilms themselves, containing a subset of the kombucha organisms rather than 

just one species.  



The TSA plates demonstrated an interesting divergence in colony morphology 

(Figure 3). Plates from the SCOBY exhibited abundant growth, with at least two colony 

types. Gram stain of the first colony type revealed a mixture of organisms (Figure 7), 

including many long Gram negative rods (up to 4 𝜇m), a few short Gram positive rods 

(about 2 𝜇m long), and large rounded purple blobs (up to 4 𝜇m in diameter) deemed to 

be yeast cells. Gram stain of the second colony type from the SCOBY showed a mixed 

culture of different composition (Figure 8). There were abundant Gram-negative rods 

with a bipolar staining pattern; a fuzzy margin around each cell suggested the presence 

of a large capsule or slime layer. These were suspected to be the Acetobacter xylinum 

we were looking for.  

The TSA plates from the tea product were covered in a slimy layer of growth. 

Later research suggested that this was likely bacterial cellulose, produced by 

Acetobacter xylinum. The presence of cellulose alone would be nearly diagnostic, as 

cellulose production is an unusual property that distinguishes A. xylinum from other 

Acetobacter and Gluconacetobacter species (Dutta, et. al., 2007; xylinum, from the 

Greek for wood, refers to this unique production of cellulose). Gram stains from this 

colony resembled those of SCOBY colony 2. Endospore staining (Figure 9) revealed 

dense sections that did not absorb the green dye and less dense areas filled with what 

appear to be endospore-forming bacilli. This was unexpected, as Acetobacter species 

do not produce endospores. One possible explanation could be the presence of Bacillus 

subtilis, which is known to be common in kombucha and produces subterminal 

endospores (Coton, et. al., 2017; Bergey, et. al., 2000). The dense areas that did not 

stain could have been clumps of A. xylinum in a cellulose matrix. The microbes in 

kombucha are closely interwoven within the biofilm, so growth on the non-selective TSA 

medium might not have produced any pure colonies. 

The plates of Glucose Yeast Extract Calcium Carbonate (GyEc) were intended to 

select for Acetic Acid Bacteria (including Acetobacter xylinum and other Acetobacter 

and Gluconobacter species), which are acidophiles. Samples from both the SCOBY and 

the product exhibited growth, discoloring the medium from white to gray. Gram stains 

from both plates exhibited short, Gram-negative rods consistent with A. xylinum. 

The EMB plates exhibited similar growth with no change in color. These were 

intended to exclude Gram-positive bacteria. Gram staining of the House product plate, 

however, revealed mostly Gram-positive rods (Figure 7). A few scattered Gram-

negative rods were also present. This was an especially puzzling result because Gram-

positives should not have been able to grow on EMB. The most likely candidate for a 

Gram-positive rod would be Lactobacillus sp., but the lack of color change in the EMB 

indicated no lactose fermentation. Bacillus subtilis, a Gram-positive rod that does not 

ferment lactose, is one possibility. It is also possible that this photo was simply 

mislabeled. The most likely explanation might be that the dye was not rinsed thoroughly 

enough, due in part to the thickness of the sample on it. This would then be a false 



positive. The Gram stain of the SCOBY EMB was less troubling (Figure 8). It displayed 

the expected Gram-negative rods and yeast cells in clumps, though a few Gram-

positive rods were also present. It’s possible that they could have been protected from 

the dye within the biofilm that grew. 

The SDA plates, selective for fungi, looked similar for both SCOBY and product 

(Figure 5). Both included two colony morphologies, which we identified as “fuzzy” and 

“smooth.” Methylene Blue stains (Figure 10) revealed similarity between the smooth 

colonies, with a cell morphology resembling Saccharomyces or Zygosaccharomyces 

(Teoh, 2004). The cells were more densely clumped in the SCOBY sample than the 

sample from the final product. The fuzzy colonies resembled each other but were not 

identical. Both contained similar-looking oblong, blue-stained, blob-like cells in clusters. 

The SCOBY, however, also exhibited lightly dyed branching filaments between the 

opaque cells. These were separated, either by septa or cell walls, and had visible dots 

in the middle (nuclei or spores?). We suspect that in both cases we were observing 

Brettanomyces, which is known to be dimorphic (Yacobson, 2010). Differing conditions 

between the SCOBY and the tea might have altered its metabolism and led to a change 

in reproductive stage. Studying either Saccharomyces or Brettanomyces could have 

yielded multiple projects, but due to time constraints and a limited familiarity with fungi, 

we mainly focused on the bacteria. Microscopic observation was sufficient to confirm 

two distinct yeast morphologies, each present in both SCOBY and product. 

Snyder Test results were positive for both the SCOBY and product innocula, 

indicating that both contain some bacteria capable of lactose fermentation. These would 

most likely be from genus Lactobacillus, though the less common Oenococcus oeni is 

another possibility. 

A hanging drop test of the kombucha final product found motile bacteria. 

Acetobacter xylinum are sometimes motile, as are Bacillus subtilis. The run-and-tumble 

motion observed was most likely from one of these, since other tests and prior studies 

suggest their presence in the kombucha. 

These data paint a rough picture of two similar microbial communities. Below, we 

summarize characteristics of bacteria we expected to find (Chart 2) and species we 

actually observed (Chart 3). Observed yeast species were also similar and consistent 

with previous literature on kombucha. 

  

 

 

Chart 2: Bergey’s Manual of Determinative Bacteriology 

 Acetobacter Lactobacillus Bacillus subtilis 

Gram Stain - + + 
Cell Shape Rod Rod Rod 
Cell Size (μm) 0.6-0.8 x 1.0-4.0 0.5-1.6 x 1.0-10.0 0.5-1.2 x 2.5-10.0 
Endospores - - + 



Motility + or - - + 
Aerobe/Anaerobe Obligate aerobe Facultative anaerobe Obligate anaerobe 
Oxidase - - - 
Catalase + - - 
Denitrification (to N2) + - - 
Other features Produces cellulose; 

Reduces nitrate 
Ferments lactose  

 

Chart 3: Bacterial Species from Kombucha 

 Unknown 1 Unknown  2 Unknown 3 

Media with Growth TSA, GyEc TSA, EMB, Snyder TSA 
Gram Stain - + - 
Cell Shape Rod (short) Rod (long) Rod 
Cell Size (μm) 0.7 x 2.0-4.0 0.7 x 3.0-5.0 0.2 x 3.0 
Endospores Untested Untested + 
Motility • (?) - • (?) 
Oxidase - - - 
Catalase + - - 
Denitrification (to N2) Untested Untested Untested 
Other features Acidophilic (GyEc); 

Produced cellulose film 
Fermented lactose 

(Snyder Test +) 
 

Suggested ID  Acetobacter xylinum Lactobacillus sp. or 
Oenococcus oeni 

Bacillus subtilis (?) 

 

Chart 4: Organisms Present 

Organism SCOBY Product 

Turbatrix aceti  
(“vinegar eels”) 

+ - 

Gram-negative rods 
(presumed Acetobacter) 

+ + 

Gram-positive rods 
(presumed Lactobacillus) 

+ + 

Yeast morphology 1 
(presumed 
Saccharomyces) 

+ + 

Yeast morphology 2 
(presumed 
Brettanomyces) 

+ + 

 

Conclusion:  

 In the end, our hypothesis that the SCOBY and tea would show similar microbes 

was supported. We found bacteria and yeast with similar morphology, growth patterns, 

and test results. The data can be harmonized with previous findings on kombucha 

composition; both SCOBY and tea included Gram-negative rods consistent with acetic 

acid bacteria, Gram-positive rods consistent with lactic acid bacteria, and at least two 

species of yeast, likely Brettanomyces and Zygosaccharomyces/Saccharomyces. 



 One major learning outcome, however, was that we should be more realistic 

when designing experiments. This one was too broad. A more testable hypothesis could 

have been to predict the presence of one specific bacterium and design cultures and 

tests for that organism only. We could have tested multiple brands of finished product 

for the presence of Acetobacter xylinum (which would be expected in all and can be 

confirmed by its production of cellulose) or Lactobacillus sp. (which would be expected 

in some, but not all, and could be easily identified with selective media culturing 

followed by a Snyder Test). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Kombucha Fermentation Process, House Kombucha Factory 

         
Fermentation Tanks     Biofilm on Tea Surface 

 

Figure 2: “Vinegar Eels” in SCOBY, with Gram Stain, 4/9/19 



 
 

 

 

Figure 3: Culture on TSA Plate, Incubated 5 Days, 4/16/19 
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Figure 4: Culture on gyEC Plate, Incubated 5 Days, 4/16/19 
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Figure 5: Culture on SDA, Incubated 5 Days, 4/16/19 
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Figure 6: Culture on EMB, Incubated 5 Days, 4/16/19 
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Figure 7: Gram Stains, 4/16/19 



    
SCOBY 1 (TSA), 40x     SCOBY 1 (TSA) 100x      Product (EMB), 100x 

 

Figure 8: Gram Stains, 4/18/19 

  
SCOBY (TSA), 100x        SCOBY (EMB), 100x 

 

Figure 9: Endospore Stain, 4/16/19 

 
Product (TSA), 40x 

 

 

Figure 10: Methylene Blue Stain of Yeast Cells (EMB), 4/16/19 



      
SCOBY, Colony Type 1 (“Smooth”) Product, Colony Type 2 (“Smooth”) 

   
SCOBY, Colony Type 2 (“Fuzzy”)  House, Colony Type 2 (“Fuzzy”) 
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