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Under the 
Microscope
Not Every Clean-Label Ingredient Lives Up to Its Claim
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Clean-Label has become one of the food industry’s 

most powerful commercial claims. For manufacturers, 

it signals transparency, and alignment with changing 

consumer expectations. For buyers, it suggests that 

ingredients are familiar and naturally derived. In bakery, 

pressure on preservation systems has been especially 

intense, where traditional synthetic compounds have 

long set the benchmark for effectiveness.

That pressure has helped create a new class of 

ingredients marketed as natural, cultured, fermentation-

derived, or clean-label preservatives. On paper, these 

solutions appear to bridge the gap between label appeal 

and technical performance. In practice, the picture is 

more complicated.

Recent independent testing suggests that not all clean-

label preservative systems are as clean as their market 

positioning implies. Some formulations promoted as 

natural appear to contain fossil-derived, synthesized 

inputs. The issue is not whether natural preservation 

exists. It does. The issue is whether every ingredient sold 

into that space genuinely earns the claim, and it appears 

they don’t.

This white paper unveils the hidden truths behind ‘clean 

label’ preservatives in the North American bakery 

industry.  Independent third-party testing was conducted 

on a number of North America’s most commonly used 

preservative ingredients to identify the true origin of the 

active system. Read on to explore the need for credibility 

and details of the analysis conducted.

Clean-Label Preservation in Bakery:

When Claims 
Meet Chemistry

Recent testing of clean-label preservation 
systems points to a difficult reality: 

not every preservative 
sold as “natural,” 
“cultured,” or “clean 
label” is, in fact, fully 
natural in composition.
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The validity of ‘natural’ claims is more than a scientific 

debate. It is a business risk.

Food manufacturers are under increasing pressure to 

support on-pack claims with defensible evidence. 

•	 Procurement teams are expected to qualify suppliers 

more rigorously 

•	 Technical teams need preservation systems that 

perform consistently 

•	 Brand teams need claims that will stand up  

to scrutiny

If an ingredient marketed as natural later proves to be 

partially synthetic, the manufacturer absorbing that risk 

will likely not be the supplier. It will be the brand.

Taken together, these considerations point to a simple 

conclusion: 

Clean-label preservation can 
no longer rely on trust alone. 
It requires validation.

Commercial  
Risk Behind  
a Technical Issue

Why Validation Matters for the Industry

1. Product Integrity and Brand Trust

Clean-label claims influence purchasing decisions 

at every level of the value chain. If those claims 

are later found to be unsupported by analytical 

evidence, brands risk eroding customer trust and 

damaging long-term credibility.

2. Regulatory and Compliance Risk

Definitions of “natural” and “clean label” continue 

to evolve, particularly in markets with increasing 

regulatory scrutiny. Products that rely on loosely 

defined or unverified claims may face challenges as 

standards tighten.

3. Technical Performance and Consistency

Not all clean-label preservative systems perform 

equally. Differences in acid composition and 

concentration significantly impact both mold 

inhibition and yeast activity, affecting shelf life and 

finished product quality. Without full visibility into 

composition, predicting performance becomes more 

difficult.

4. Procurement and Supplier Qualification

Procurement teams are increasingly tasked with 

validating not only price and supply security but 

also claim integrity. Radiocarbon dating introduces 

a clear, objective benchmark that can support more 

rigorous supplier evaluation.
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In bakery systems, antimicrobial effectiveness depends 

on more than whether an ingredient is described as 

fermented or cultured. The active role is played by 

organic acids, and their effectiveness is influenced by the 

chemical form they take at the pH of the finished product. 

Only the undissociated form of an organic acid can 

penetrate microbial cell membranes and disrupt internal 

cellular processes. Once inside, the acid dissociates and 

forces the microbe to expend energy to restore balance, 

ultimately limiting growth. As a result, significant 

importance is placed on the acid’s dissociation behavior.

At a typical bread pH around 5.5, different acids behave 

very differently:

•	 Lactic acid, the dominant acid produced in 

sourdough systems, is largely dissociated at typical 

bread pH and therefore contributes relatively little to 

mold inhibition in standard applications.

•	 Acetic acid, commonly derived from vinegar 

fermentation, maintains a significantly higher 

proportion in its active form and delivers stronger 

antimicrobial performance under the same conditions.

•	 Propionic acid remains one of the most effective mold 

inhibitors in bread, which explains its longstanding use 

in conventional preservation systems.

This distinction matters because some clean-label 

preservative systems are valued precisely because 

they deliver propionic-acid-type performance through 

fermentation routes. The natural preservatives study 

conducted cast significant doubt on whether all 

natural preservatives currently being used are actually 

fermented, and indicate that they are not in fact fully 

natural in composition. 

The Science 
Behind Clean-Label 
Preservation
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Bakery product pH
In food systems, organic acids exist 

in two forms depending on pH.

1. Undissociated (uncharged)
More prevalent at lower pH

Dissociated (charged)
More prevalent at higher pH

H+ +A- 

Growth Slows

Energy depletion and pH stress 

impair cellular functions, slowing 

microbial growth or leading to 

cell death.

The Result

Organic acids help inhibit microbial 

growth and extend the shelf life and 

quality of bakery products.

Organic acids are naturally derived, 

effective at low use levels, and 

compatible with clean label formulations.

Reduced growth 
and activity

Undissociated acid 
enters cell
The undissociated (uncharged) acid 

can pass through the microbial cell 

membrane.

2.

5.

Outside cell 
(pH lower)

Inside cell

HA

HA

HA

Inside the cell, 
acid dissociates
In the higher pH environment inside 

the cell, the acid dissociates into 

charged ions.

3.

HA

Cell membrane 

(phospholipid bilayer)

Z
Z

Z

Inside cell
(higher pH)

+

H+

A-

HA

H+

A-

Undissociated acid 
(unchanged)

Hydrogen ion 
(positive charge)

Anion 
(negative charge)

Microbe uses energy 
to rebalance
The microbe expends energy (ATP) 

to pump out H+ and restore internal 

pH balance.

4. Proton (H+) efflux 
uses energy

H+ H+

ATP depleted

Organic acids are natural antimicrobials that disrupt microbial cell function 

and slow growth in bakery systems.

How Organic Acids Help 
Control Microbial Growth
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Fermentation-based solutions, particularly cultured 

wheat systems, have become widely adopted as 

clean-label alternatives. These products are typically 

designed to generate propionic acid through microbial 

fermentation, positioning them as natural equivalents to 

traditional preservatives.

However, the biological reality behind this process 

presents challenges that are often underappreciated:

•	 Slow fermentation kinetics: The microorganisms 

used to produce propionic acid grow relatively slowly, 

requiring extended fermentation times.

•	 Low yield efficiency: Conversion rates from substrate 

to active acid are limited, resulting in inherently 

lower productivity.

•	 High input requirements: Fermentation systems 

often require additional nutrients and tightly 

controlled conditions to achieve viable output.

These constraints translate directly into higher 

production costs.

This is where vulnerabilities emerge. To meet both 

performance expectations and price targets, some 

products marketed as fermentation-derived may 

incorporate non-biological inputs to boost efficacy. In 

other words, so-called natural preservatives may be 

compromised by adding conventional chemicals to deliver 

the microbial control that bakeries are looking for.

Where Economics 
Create Vulnerability
(And Clean-Label Claims Can Break Down)

In a competitive 
market - where price 
sensitivity remains 
high - this creates 
a structural tension 
between maintaining a 
fully biological process 
and delivering a cost-
effective preservative.
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Where Clean-Label Claims  
Can Break Down

The issue is not simply technical - it is one of transparency. 

When a product is represented as natural but partially 

relies on synthetic chemistry for functionality, the integrity 

of the claim is difficult to defend.

These realities create a structural tension. Manufacturers 

want ingredients that are effective, affordable, and 

marketable as natural. Suppliers are pushed to deliver 

all three at once. That pressure can create incentives to 

supplement biological systems with non-biological inputs 

to improve performance, consistency, or cost efficiency.

If that happens, a product may still be marketed with 

clean-label language while no longer being fully natural 

in origin. The concern is not simply that formulations 

differ. The concern is that the commercial claim may 

outpace the chemistry.

Fully biological 
fermentation 
process

1.

Marketed as 
fermentation- 
derived / natural

Vulnerability emerges here

At any point after Step 2, 
additions can compromise the 
integrity of clean-label claims.

High 
production 
cost

2.

5.

Pressure to meet 
performance + 
price targets

3.

Non-biological 
inputs added to 
boost efficacy

4.
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One of the clearest ways to examine biogenic origin 

is radiocarbon dating. Materials derived from recent 

biological sources - such as plants - contain measurable 

levels of carbon-14, a naturally occurring isotope. 

In contrast, fossil-derived materials - including 

petrochemicals - have no detectable carbon-14 due to 

their geological age.

By measuring carbon-14 content, manufacturers can 

determine whether the carbon in a preservative system 

is biogenic, fossil-derived, or a mixture of both. This 

provides a direct, scientifically grounded method for 

verifying whether an ingredient is fully natural. Blendtek 

3rd-party research has conducted this carbon testing 

against a range of preservation solutions currently used 

by North American manufacturers.

When applied to commercially available bakery 

preservatives, this analytical approach has revealed 

notable variability. Some products exhibit carbon 

signatures consistent with entirely biological origin, 

while others show significantly reduced levels of biogenic 

carbon. Even when accounting for expected analytical 

variation, these results may indicate the presence of 

fossil-derived material within formulations marketed 

as natural, supporting the hypothesis that synthesized 

chemicals are in the mix.

From a technical perspective, 
this demonstrates that 
clean-label positioning in the 
marketplace is not always 
aligned with fully measurable 
‘natural’ composition.
This is important because it moves the conversation 

away from marketing language and toward measurable 

evidence. While some commercially available 

preservatives appear consistent with fully biological 

origin, others show reduced biogenic carbon levels that 

suggest fossil-derived material is present.  

This does not mean every supplier is misrepresenting its 

products. But it does mean food manufacturers should 

not assume that “cultured,” “natural,” or “clean label” 

automatically equals fully biogenic.

Analytical Insight: 
What Radiocarbon 
Dating Reveals

Biogenic Origin – 
“resulting from the activity of living 
organisms, such as fermentation”.

Refers to any substance, material or 
phenomenon that is produced by the 
biological activity of living organisms.
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Samples of eight different natural preservative 

ingredient systems, from leading North American 

manufacturers, were tested on white flour sandwich 

bread. Each was analyzed based on their general 

properties, ‘natural’ composition and shelf life based on 

mold-free days. 

Details of the study are outlined below:

•	 Samples were promoted as cultured wheat types

•	 Test baking occurred in identical baking machines

•	 Bread recipe used across all tests was: 
 

Composition Reconstruction

Going back to our investigation of ‘natural’ claims, 

an analysis of carbon-14 and biogenic carbon were 

compared across all samples to identify the probable 

composition of each. The methodology for modern 

Carbon-14 (14C) DIN EN 16640:2017-08 / QMA 504-2/10: 

2011-12 with Liquid Scintillation Spectrometry (LSC) 

was used. The %-modern C was measured with double 

standard deviation (2 sigma) where 100%-modern C = 

0.226. Bq/g carbon. Here 100% modern refers to the 

specific activity of 14C carbon in the atmosphere in the 

year 1950 as a standard for the method. The 2 sigma 

indicates a 95% confidence interval for the result, 

which is the industry standard for reporting statistical 

uncertainty in these tests. The result refers to the 

measurement date with no half-life correction. The 

calculation of the bio-based (biogenic) carbon %-content 

from these 14C measured values was done according to 

the DIN EN 16640: 2017-08 standard using correction 

factor 0.985. This correction is used to account for 

variability of 14C in the atmosphere over time. 

Even when considering the inherent error ranges of 

this analysis, many of the products do fail radiocarbon 

dating as confirmation of a true natural product. These 

failing products (those not highlighted in the table 

below) appear to be a mixture of natural compounds and 

synthetic additives.

Product 
Comparisons
– Detailed Result Summaries

White Sandwich Bread 
 
 

Water	 190 ml 

Vegetable oil (sunflower)	 15 ml 

White wheat flour (405)	 350 grams 

Sugar (crystalline sucrose)	 13 grams 

Salt	 3.6 grams 

Low fat milk powder	 5 grams 

Yeast (dry yesast)	 3 grams 

Natural preservative	 variable % of flour wt.
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Radiocarbon dating analysis indicates 
that ONLY samples #5, 7 and 8 can be 
considered all-natural, or biogenic, in 
origin. The other samples all indicated 
that a fossil-derived or synthesized 
input may have been used.

Impact of Tested Preservatives on 
Mold-Free Days and Shelf Life

Mold free days of white sandwich bread

The efficacy of mold control varied significantly across 

the preservatives tested, highlighting that not all clean-

label systems deliver equivalent shelf-life performance. 

Samples #7 and #3, in particular, provided minimal 

improvement over the control, indicating limited 

antimicrobial effectiveness under the conditions tested. 

In contrast, several other samples demonstrated a clear 

ability to extend mold-free days, though with varying 

degrees of consistency. This variability underscores 

an important point: understanding the biogenic or 

“natural” origin of a preservative is only part of the 

equation. True commercial viability depends on the 

ingredient’s ability to reliably inhibit mold growth within 

the specific parameters of a bakery system. Ultimately, 

a preservative must deliver both claim integrity and 

functional performance - without both, manufacturers 

are forced to compromise between label positioning and 

shelf-life expectations.

Sample Carbon-14 
(14C-C

org​
/-CO

2
​)

Biogenic carbon
in %

#1 91.0% ±  3.8 89.6% ± 3.8

#2 84.3% ± 3.1 83.0% ± 3.1

#3 86.7% ± 3.2 85.4% ± 3.2

#4 86.8% ± 3.7 85.5% ± 3.7

#5 97.1% ± 3.5 95.6% ± 3.5

#6 85.2% ± 3.2 83.9% ± 3.2

#7 100.3% ± 3.7 98.8% ± 3.7

#8 102.9% ± 3.9 101.4% ± 3.9
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Questions 
Manufacturers 
Should Be 
Asking Now

Manufacturers evaluating clean-label preservative 

systems should ask suppliers questions that go 

beyond brochures and sales sheets. They need to truly 

understand how natural the ‘natural preservatives’  

are that they claim to be using in their products.  

Key questions to ask suppliers to confirm include:

•	 What is the origin of the active preservation system?

•	 Is the functionality achieved entirely through 

biological processes?

•	 Has the ingredient been independently validated for 

biogenic content?

•	 What evidence supports any natural or clean-label 

positioning?

•	 How does the ingredient perform at the target 

product pH and water activity?

•	 What trade-offs exist between efficacy, cost, label 

language, and authenticity?

These questions are increasingly relevant for technical, 

quality, procurement, and brand teams alike.

Make sure you are working with an ingredients partner 

like Blendtek to provide a depth of understanding about 

all of your ingredient choices. Blendtek digs deep, 

through analyses like the one done here, for directional 

understanding of key product differences, and will  

always share benefits, limitations and risks of each 

option available. 
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What This 
Means For  
The Category

Natural preservation is real. Meaningful innovation has 

happened, and there are legitimate solutions that align 

performance with cleaner positioning. But the category 

also needs sharper standards.

The next phase of Clean Label will be defined less by 

what ingredients are called and more by what can be 

proven. Verification is becoming part of claim integrity. 

For manufacturers, that means supplier qualification 

should extend beyond price, performance, and 

availability to include evidence of origin.

A stronger clean-label standard will benefit the industry: 

•	 It will reward transparent suppliers

•	 It will protect manufacturers from avoidable risk

•	 It will help preserve the trust that made clean label 

valuable in the first place

Be confident that your Clean Label solutions are actually 

‘clean’. Ask the right questions of your partners, explore 

a range of possible formulation solutions. 

For food manufacturers, the implication is 

straightforward: clean-label procurement cannot rely 

on supplier positioning alone. It requires scrutiny, 

documentation, and a willingness to ask harder 

questions. What is the true origin of the active system? 

What evidence supports the natural claim? Has the 

ingredient been independently verified? And beyond 

‘natural’, is it a low carbon footprint solution?
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A Credible  
Path Forward
Manufacturers do not need more vague language around 

natural preservation. They need clarity.

That starts with a more disciplined approach to 

validation. Test what matters. Ask for proof. Separate 

functional performance from marketing narrative. The 

companies that do this well will be in a stronger position 

to make claims they can stand behind and build products 

that meet both technical and consumer expectations.

The clean-label market has matured. The standard now 

needs to mature with it.

For technical leaders, quality teams, and procurement 

professionals, the path forward is clear: validate, verify, 

and demand clarity. In a market increasingly defined by 

trust, the most defensible clean-label claim is the one 

that can be proven.

For clearer answers on clean-label preservation, and 

support from a partner you can trust, connect with 

Blendtek. Ingredient distribution done differently.

Office Phone  

844.279.4401

Email

info@blendtek.com

Website

blendtek.com

mailto:info%40blendtek.com?subject=
https://www.blendtek.com

