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Fermentation Research Tools at OSU

To learn about culture 
conditions, we use lab-scale 
fermentations and culture-
based methods

To learn about product 
composition and 
fermentation chemistry, we 
use enzymatic assays and 
nuclear magnetic resonance 
[NMR] spectroscopy

To learn about culture 
identification, we use 
amplicon and shotgun 
sequencing.



Curtin Lab Publications [from 2019-]



Curtin lab



NMR Analysis Used to Investigate 
the Following Topics

• Analyte-Development During 
Fermentation

• Small-Scale Brand Comparison

• Style Development

• Analysis of Hard Kombucha 
Analytes

• Comparison of Hard Kombucha to 
Alcoholic Beverages

Summary of 
Kombucha Analyte 

Experiments 

Nuclear magnetic resonance (NMR) is a 
powerful technique for structure 

determination. Hence it can also provide better 
understanding of the complex structures in 
complicates systems, such as Kombucha.



Commonly Kombucha Analytes

Organic acids

Citric, Lactic, Gluconic, Acetic 

Residual Sugars

Fructose, Glucose, Sucrose

Metabolic markers

Succinic acid

Glycerol, CO2

Alcohols

Ethanol 

BACKGROUND



SNAPSHOT: Kombucha Chemical Composition

Starter culture
Sugar (sucrose, dextrose, 

fructose)
Tea

Controllable aeration

RESULTS

Company A                Company B



Varied Commercial Kombucha Composition

• Sucrose [g/L]….. 0.0 – 42.7

• Fructose [g/L] ….. 0.1 – 42.9

• Glucose [g/L] …. 0.3 – 38.7 

• Caffeine [mg/L] ….. 0.0 – 66.4

• Ethanol [v/v%]  …. 0.01% - 1.51%

• Acetic acid [mg/L] ….. 0.0 – 5.9

• Lactic acid [g/L] ….. 0.0 – 3.2

• Gluconic acid [g/L]….. 0.1 – 24.0

The majority of Kombucha samples group 
together. Can we define Kombucha by range 

of fermentation byproducts?

Assuming that we consider the “typical” 
finished product

RESULTS

KBI Analyte Study (n= 39)



Organic acids 
that contribute 

to flavor

• Citric acid, 60mg/l

• Gluconic acid

• Mallic acid

• Tannic acid

• Acetic acid

• Lactic acid

• Gallic acid

BACKGROUND



Organic acids that contribute to flavor

• Citric acid: tart, sour, citrus

• Gluconic acid: sweet, mild acidic bite

• Malic acid: smooth, tart

• Tannic acid: bitter

• Acetic acid: vinegary, sour

• Lactic acid: sharp, tart, crisp

• Gallic acid: astringent 

BACKGROUND



What’s known about organic acids

• Fructose and glucose 
may be metabolized to 
form Lactic acid, Acetic 
acid, and Malic acid.

• Acid formation 
dependent upon oxygen 
conditions.

• **Survey of commercial 
Kombucha products 
reveal trace to null 
amounts of glucuronic 
acid**.

BACKGROUND



What’s known about 
organic acids

• Genera of AAB convert glucose into glucuronic acid

• Komagateibacter and Gluconobacter species 

BACKGROUND

Click to add text



Monitoring Organic Acid 
Development

• Measurements and Methods of detection

• Titratable Acidity 

• Sourness Unit

• Enymatic Assays

• GC-MS

• NMR

BACKGROUND



The SCOBY transforms sweet tea to Kombucha

I. Sucrose Digestion
II. Ethanol and CO2 Production
III. Acetification

BACKGROUND



Alcohol fermentation and 
reparation are complex 
metabolic pathways to 
restore energy to the 
microbial cell.

Byproducts-organic acids-
are formed along the way

Saccharomyces 
fermentation metabolic 
cycle 

Kombucha Metabolism

BACKGROUND



Alcohol fermentation and 
reparation are complex 
metabolic pathways to 
restore energy to the 
microbial cell.

Byproducts-organic acids-
are formed along the way

Saccharomyces 
fermentation metabolic 
cycle 

Kombucha Metabolism

BACKGROUND



Bacterial 
Oxidation

• Cause “slow” and “sluggish” fermentations​

• Make the cellulosic biofilm or pellicle that the bacterial 
species attach to and become embedded within​

• Organic acids contribute “dry, sour” and “pucker, tart” flavors​

• Oxidize Ethanol

BACKGROUND



Different AAB, Kombucha Fermentations
Series 1: Gluconobacter oxydans
Series 2: Gluconobacter oxydans, Komagateibacter xylinus

RESULTS



Some conditions that impact metabolism

Surface 
Area/Oxygenation

Temperature FAA

Starting pH Microbiota 

BACKGROUND



Temperature Impacts

De Filippis et al. (2018) Food Microbiology, 73:11-16.

BACKGROUND



• Not heavily researched, but worth noting that vinegar 
producers aerate to saturation.

• Typical 2G kombucha jar SIA ratio = 0.043-0.048

• TA of 4g/L achievable in ~7days @ 28degC

Oxygen Requirements

BACKGROUND



Off-flavors

• Butyric acid: rancid butter, parmesan 
cheese, and vomit (2-3 ppm)

• Usnic acid: bitter

• Acetaldehyde: tart apple

• N-heterocyclic volatile bases 2-
acetyltetrahydropyridine: mouse taint

• Proponic acid: nutty, cheesy

• 2-mercapto-3-methyl-l-butanol: onion

BACKGROUND



BACKGROUND



Kombucha Styles-
Standards of 

Identity



OSU NMR Facility and 
Instrumentation
• The 800 MHz NMR spectrometer is 
currently the highest field NMR 
spectrometer in the state of Oregon

• This spectrometer will primarily be used 
for the analysis of biological samples, 
leading to advances in research areas such 
as Alzheimer’s Disease and Cancer

• Facility manager: Dr. Patrick Reardon

BACKGROUND



NMR vs Chromatography Methods

PROS CONS

o More accessible 
instrumentation

o Does not require high 
level training 

o Does not 
overestimate purity

o Affordable

o Different functional 
groups require different 
columns

o Multiple standard 
curves

o Require different 
stationary and mobile 
phases

METHODS



NMR vs Chromatography Methods

PROS CONS

o Easy sample prep
o Single internal 

standard required
o Simultaneous 

analysis of 
compounds

o Spectrometer 
accessible to wide 
range of functional 
groups

o Spectrometer is 
expensive

o Not generally 
accessible

o Requires highly 
trained professionals

o Requires constant 
cooling 

METHODS



Nuclear Magnetic Resonance

• Quantification by NMR 
spectroscopy of compounds is 
often used in the analysis of 
foods

• The proportionate frequency 
change of spin flip (due to 
magnetic field) and irradiation 
frequency is the shift

• Shift from a standard 
compound's frequency in parts 
per million (δ, ppm) is 
measured for each compound.

• This shift can be used to 
calculate concentration (mg/l) 

METHODS



Nuclear Magnetic Resonance

Functional groups of compounds have unique chemical shifts

METHODS



NMR, previous use in the food industry

• In recent years, qNMR is used to verify composition as a 

consequence of natural and artificial processes

• Natural: enzymatic, aging, hardening

• Artificial: cooking, refinement

• Used in adulteration/falsification detection, especially on 

regards to cheapening product with low-cost syrups (i.e. 

Honey)

• Advantages of this technique in food applications:

• Wide range of chemical species in single experiment

• Repeatability/reproducibility

• Simple extraction/prep

• Spectra of “authenticity” can be made, (i.e. Honey)

Bertelli, Davide, et al. "Detection of honey adulteration by sugar syrups using 
one-dimensional and two-dimensional high-resolution nuclear magnetic 
resonance." Journal of agricultural and food chemistry 58.15 (2010): 8495-8501.

METHODS



Reading NMR Spectra, Day 1

• Day 1, medium-scale 
fermentation (5G)

• Open fermentation (STOUT 
tanks)

• Residual sugars, organic acid, 
and ethanol measured using 
NMR over 7 day period.

• Day 0: Black/Green Tea (1.25% 
w/v), Sugar (15% w/v), 0.085% 
(v/v) Acetic acid 

Sucrose

Sucrose
Glucose
Fructose

Glucose

Acetic acid

Ethanol Internal 
Standard

RESULTS



Reading NMR Spectra, Day 6

• Day 6, medium-scale fermentation (5G)

• Open fermentation (STOUT tanks)

• Residual sugars, organic acid, and ethanol 
measured using NMR over 7 day period.

• Day 0: Black/Green Tea (1.25% w/v), Sugar 
(15% w/v), 0.085% (v/v) Acetic acid 

Spectra can be used to track the progress of 
a Kombucha fermentation. Increase in AcOH, 
decrease in EtOH and residual sugars

Sucrose

Sucrose
Glucose
Fructose

Glucose

Acetic acid

Ethanol

Internal 
Standard

RESULTS



Reading NMR Spectra, Brand 1 Kombucha

• Commerical Product

• Kombucha Styles, Pilot 
Study

• Described as, "Light body, 
fresh melon taste, great 
any time"

Sucrose

Sucrose
Glucose
Fructose

Glucose

Acetic acid

Ethanol

Internal 
Standard

RESULTS



Reading NMR Spectra, Brand 2 Kombucha

• Commerical Product

• Kombucha Styles, 
Pilot Study

• Ingredients: filtered 
water, organic white 
peony tea, organic 
kombucha culture, organic 
cane sugar, organic dried 
ginger and ginger extract

Sucrose

Sucrose
Glucose
Fructose

Glucose

Acetic acid

Ethanol

Internal 
Standard

RESULTS



Reading NMR Spectra, Sparking Probiotic Beverage

• Commercial Product

• Kombucha Styles, Pilot 
Study

• Sparkling Prebiotic Tonic, 
Ginger Turmeric Cayenne 
Flavor

Sucrose

Glucose
Fructose
Sucrose

Glucose
Acetic acid

Ethanol

Internal 
Standard

RESULTS



Kombucha Styles-
Standards of 

Identity



NMR-H in off-shelf brand comparisons
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Organic acids, Comparing "Off-Shelf" 

Brands

Acetic acid (g/L) Gluconic acid (g/L) Lactic acid (g/L)

• B1: Off shelf Brand 1, B2: Off shelf Brand 2

• Four flavours from 2 brands were 
processed for NMR analysis of residual 
sugar

• [AcOH] and [GlucOH] is lower in B1 than 
B2 samples. 

• Ratio of organic acids may be potentially 
be used to define styles or characterize 
brand differences.

• Styles and a flavour “lexicon” is necessary 
in defining Kombucha

RESULTS



NMR-H in off-shelf brand comparisons
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Residual Sugar, Comparing "Off-Shelf" 

Brands

Sucrose (g/L) Glucose (g/L) Fructose (g/L)

• B1: Off shelf Brand 1, B2: Off shelf Brand 2

• Four flavours from 2 brands were 
processed for NMR analysis of residual 
sugar

• Sucrose is low in comparison to glucose 
and fructose in all samples.

• Sucrose negligible in B2 samples

Ratio of simple sugars:sucrose may 
potentially be used to define styles

RESULTS



Reading NMR Spectra, Off Flavor

Sucrose

Art Sweetener

Glucose

Acetic acid

Ethanol

Internal 
Standard

Proponic
acid

RESULTS



How To 
Read A PCA 
Plot
• PCA performed based on 

their "n" variables. The 
result will be a 2D plot with 
n dots

• Dots are mixed or 
graphically separated along 
the projected plane.

• If they are very mixed it 
means that groups are 
similar (there is no 
treatment effect).

• If separated along the 
projected plane, it means 
that the groups are 
different

RESULTS



Distinguishing Fermented Beverages
RESULTS



Distinguishing Fermented Beverages

RESULTS



Hard Kombucha- Understanding "Style" Differences

"….a sweet yet biting profile making 

this flavor equal parts refreshing and 
tart..."

RESULTS



Reading NMR Spectra, Brand 3: Hard Kombucha

• Commercial Product

• Kombucha Styles, Pilot Study

• Hard Kombucha

• 7.0% EtOH

• Description: "Earthy and 
familiar with a crisp, cool taste 
that leaves the palate clean and 
refreshed."

Erythritol

Acetic acid

Ethanol

Internal 
Standard

RESULTS



Sparkling Probiotic vs Kombucha

RESULTS



NMR distinguishing Kombucha from similar fermented 
products: Sparkling Probiotic Beverage vs Kombucha

RESULTS



Is Style Defined By 
The Basis of a 

Brand?



Analyte Differences- within brand



Brand Differences?



Brands Do Not Determine Analyte Profile



PCA Grouping by 
[Gluc Acid]

Intensity



PCA Grouping by 
[Glucose]

Intensity



PCA Grouping by
[EtOH]

Intensity



Does [Glucose] Drive Style Designations From the 
2018 Analyte Study?

Previous Findings....



Using Glucose as a Style Designator



Summary

• [Glucose] may be used to identify styles of 
Kombucha

• NMR spectral fingerprints may be used to 
identify off-flavors

• Sesnory testing of flavors MUST be used to 
enhance style development



What are the next steps for Kombucha Research?

Publish 
Microbiome 

Findings

Now – Fall 2020

Reverse 
Engineering 

Study

Now – Winter 
2021

NMR Style Analysis 
Study

Now– Winter 2021

Interested in participating? Contact Keisha.Harrison@oregonstate.edu. 

mailto:Keisha.Harrison@oregonstate.edu


Where to get involved?

Publish 
Microbiome 

Findings

Now – Fall 2020

Reverse 
Engineering 

Study

Now – Winter 
2021

NMR Style Analysis 
Study

Now– Winter 2021

Interested in participating? Contact Keisha.Harrison@oregonstate.edu. 

mailto:Keisha.Harrison@oregonstate.edu
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