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Vinegar: Preserving safety, 
shelf life and quality

A new level of sophistication in applying trusted, natural technologies 
is helping today’s meat industry move beyond synthetic solutions.
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The making of vinegar, the most versatile metabolite 
in the world, is as old as civilization itself. Used today in 
many of the same ways it was used 5,000 years ago, 
vinegar continues to be a staple in kitchens around the 
world and is found in pickles, salad dressings and many 
other foods. It’s a cleaner, a meat tenderizer, 
a mold inhibitor in baked goods, even a 
remedy for jellyfish stings.

The modern meat industry has 
embraced vinegar for its natural 
preservative properties, which 
are particularly effective in 
controlling Listeria, among the 
most prevalent pathogenic 
threats. After years of research, 
exploration and practical 
application, food scientists today 
have a highly developed ability to use 
vinegar to suppress pathogens, extend shelf life,  
enhance flavor, and improve texture and color stability.  

With many consumers shying away from sorbates and 
benzoates, vinegar provides an effective means of 
preservation that’s familiar and understandable to them. 
It’s a rich, natural source of acetic acid, which, in higher 
concentrations, provides prolonged protection against 
spoilage and pathogenic bacteria. But indiscriminate 
use of that antimicrobial power can have unintended 
consequences.

Buffering is key
Incorporating a low-pH antimicrobial ingredient like  
store-bought vinegar (roughly a pH of 3.0) without 
buffering will negatively impact meat quality by causing 
protein denaturation, discoloration, poor texture and a 
loss of water-holding capacity. Buffering to reach a pH 
close to that of the meat itself (approximately 5.8-6.2) 

limits any negative effects of the vinegar on product 
flavor, texture and color.

Sodium bicarbonate (baking soda), potassium carbonate 
(washing soda) and other food-grade sodium- or 

potassium-based alkaline solutions are 
examples of suitable buffers for vinegar 

ingredients. The optimal vinegar-based 
solution must, of course, take into 

consideration the processor’s goals. 
If, for instance, the processor wants 
to limit sodium content in the 
final product, using a potassium-
based buffer may be appropriate. 
However, high concentrations of 

potassium can result in a metallic 
flavor in milder-tasting applications.

If the ingredient delivers a higher 
concentration of vinegar, however, processors 

can use less of the preservative solution, thereby avoiding 
unwanted flavor impacts.

Weighing format alternatives
Vinegar-based solutions are available today in both liquid 
and powder forms, which differ in some significant ways. 
Liquid vinegar ingredients typically offer the advantage 
of a lower price point compared to vinegar powders, but 
they are also costlier to ship, and consume a greater 
amount of warehousing space.

Powdered vinegar options offer higher acid concentration, 
lower dosage rates, lower inherent flavor impact, lower 
freight costs, and greater convenience. Powders, 
however, tend to be higher in sodium content. While 
potassium buffers avoid contributing sodium to the 
product, they are naturally hygroscopic and more prone to 
clumping. Sodium buffers are less hygroscopic and easier 
to dry.

Optimizing vinegar’s preservative power
Advancements in trusted, natural technologies are 
overtaking traditional synthetic solutions
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State of the art … and science
Buffered vinegar solutions reached a new level of sophistication when 
Corbion introduced its Verdad® Opti Powder N450, a unique product offering 
a 40% reduction in sodium compared to its Verdad® Powder N6. Buffered 
with a balanced blend of sodium and potassium, the product provides both 
a cleaner flavor profile and lower sodium content. A sea salt component 
allows the powder to remain free-flowing without a significant impact 
in sodium contribution. The company also now offers a sodium-free dry 
vinegar (Verdad® Opti Powder N460) that has no impact on flavor. 

These solutions help avoid detrimental impacts on product color, flavor and 
cook yield. Figure 1 illustrates the efficacy of Verdad® Opti Powder N450 
at controlling L. monocytogenes in cooked cured ham at three different 
concentrations.

Know-how makes the difference
Given the range of vinegar-based preservative solutions available  
today (even from a single ingredient supplier like Corbion), and the  
many variables at play within a specific food matrix, identifying the  
most fitting ingredient solution can be daunting for meat processors.

Satisfying evolving consumer demands, adapting to changes in the 
regulatory landscape, and maximizing business performance are complex, 
never-ending challenges for processors. Fortunately, the science behind 
today’s most advanced natural preservation solutions is rapidly enabling 
food technologists and ingredient specialists to match results once thought 
to be possible only through the use of synthetic, fossil-based solutions. 

corbion.com/verdadvinegars

9.5%
 
of food and beverage products 
contain vinegar as a natural 
preservation system, according 
to all new products launched 
globally with a no “additives or 
preservatives” claims.

Source: Innova Market Insights
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Listeria inhibition in cooked pork ham with several 
concentrations of Verdad® Opti Powder N450

Time (days) at 39oF/ 4oC

Control  0.5% Verdad Opti Powder N450 0.7% Verdad Opti Powder N450  0.9% Verdad Opti Powder N450
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Vinegar: Preserving safety, shelf life and quality 
A new level of sophistication in applying trusted, natural technologies  
is helping today’s meat industry move beyond synthetic solutions

Versatility tested by time
The art and science of fermentation is as old as civilization itself, as is 
the making of vinegar. As far back as 3,000 B.C., Babylonians in ancient 
Mesopotamia fermented the fruit and sap of the date palm to make wine. With 
enough time and exposure to air, the natural metabolic process of fermentation 
transformed wine into vinegar. 

In ancient Rome, “posca” (a mixture of vinegar and water sometimes flavored 
with herbs, honey or coriander seeds) was the drink of soldiers. Egyptians, too, 
used vinegar to preserve or pickle fruits and vegetables so they could serve as a 
valuable food source long after the harvest. These cultures found vinegar useful 
in preventing the infection of wounds and in cleaning their homes. Hippocrates, 
the renowned physician of ancient Greece, prescribed a solution of apple cider 
vinegar and honey as a tonic for coughs.

Vinegar may be the most versatile metabolite in the world, which probably 
explains why it is still used today in many of the same ways it was used 5,000 
years ago. It’s a staple in kitchens around the world and is found in pickles, 
salad dressings, ketchup, mayonnaise, mustard, sauerkraut, and meat dishes 
like sauerbraten. It’s a meat tenderizer, a flavoring and leavening agent, mold 
inhibitor and shelf life extender in baked goods. It can even be used as a cleaner 
and a remedy for jellyfish stings,

In the modern meat industry, vinegar has been widely embraced for its natural 
preservation properties; it is particularly effective as a means for controlling 
Listeria monocytogenes, which is among the industry's most prevalent 
pathogenic risk factors.

Years of research, exploration and practical application by food scientists have 
led to a high degree of sophistication in the ability to leverage the power 
of vinegar to provide pathogen suppression, longer shelf life, flavor 
enhancement, color stability and texture improvement.  

Familiar, but not the same
With an increasing number of consumers shying away from 
synthetically produced additives like sorbates and benzoates, vinegar 
has played a major role in the food industry's ability to provide a 
natural means of extending shelf life and ensuring maximum safety, 
freshness and quality in a variety of food applications. 

For consumers, it's familiar, understandable and considered a normal 
part of a healthy diet. For manufacturers in search of ingredient solutions 
that combine consumer acceptance and preservation functionality, vinegar 
is hard to beat. 
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There are, however, notable differences between the household vinegar 
consumers know and the vinegar used as a preservative ingredient in 
commercial food applications. Unlike household vinegars, industrial vinegars, like 
those used by ingredient suppliers like Corbion to create natural preservation 
solutions, are highly concentrated, and designed for use in variety of food 
applications. This higher concentration is essential to effectively hinder the 
growth of spoilage and pathogenic bacteria. 

Inhibiting unwanted growth
In the hands of home chefs, the vinegars in meat marinades have a tenderizing 
effect by breaking down meat fibers, and they enhance flavor by helping 
components of the marinade to penetrate the meat's surface. But, as the Greek 
storyteller, Aesop, pointed out: "It is possible to have too much of a good thing."

In commercial meat applications, more concentrated vinegar ingredients curb 
the growth of vinegar spoilage or pathogenic microorganisms. But too much 
vinegar in contact with meat fibers for too long will go beyond tenderizing and 
microbial inhibition to create an unappealing, mushy texture or a lunch meat that 
won't slice efficiently.

The key to gaining the preservative effect of a vinegar-based ingredient 
solution while avoiding or mitigating negative impacts to product flavor,  
texture, and water-holding capacity is buffering the solution and optimizing  
the ionic strength.

The aim is to prolong shelf life and increase food safety by delivering a 
bacteriostatic effect. In other words, inhibiting or delaying the growth of a 
pathogen like L. monocytogenes means increasing/maximizing the lag/dormant 
phase (the flat portion of the microbial growth line), thereby keeping detrimental 
bacteria in check. See Figure 1. 

 

Figure 1: Microbial Growth: Extending the lag phase  
increases product shelf life
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Buffering is key
In most regions, buffering agents used in ingredient solutions are classified 
as processing aids. They are, however, essential to maintaining desirable 
organoleptic qualities in meat products protected by vinegar-based ingredients. 

Incorporating a low-pH ingredient like store-bought vinegar (roughly a pH of 3.0) 
for its preservative properties without buffering will negatively impact product 
quality by causing protein denaturation, discoloration, poor texture and a loss of 
water-holding capacity. Buffering in order to reach a pH as close as possible to 
that of the meat system (approximately 5.8-6.2) limits any negative effects of 
the vinegar on product flavor, texture and color.

As a general rule, the higher the pH of processed meat products, the better 
the results will be in terms of product texture, water-holding capacity, and 
flavor. But microbial growth typically accelerates at pH values between 6.4-7.0, 
so formulation decisions that balance food safety and sensory qualities are 
essential to creating a successful product. 

Choosing the right buffer
Sodium bicarbonate (baking soda), potassium carbonate (washing soda) and 
other food-grade sodium- or potassium-based alkaline solutions are examples 
of suitable buffers for vinegar ingredients. Each functions similarly, converting 
vinegar to a vinegar salt and increasing the pH level.

The optimal vinegar-based solution must, of course, take into consideration the 
processor's goals. If, for instance, the processor wants to limit sodium content  
in the final product, using a potassium-based buffer may be appropriate. 
However, high concentrations of potassium can result in a metallic flavor in 
milder-tasting applications.

The challenge of creating reduced-sodium products can be addressed in several 
ways. The first is to develop a solution that combines a potassium-based buffer 
with highly concentrated vinegar. This allows the processor to use less of the 
preservative solution, thereby avoiding unwanted flavor impacts.

The formulator can also use a blended buffer, that is, one that combines both 
sodium-based and potassium-based buffers. This approach aims to strike a 
balance between reducing sodium content and minimizing any bitter, metallic 
flavor notes from potassium content.

Modes of action
An important reason for vinegar's ability to effectively inhibit microbial 
outgrowth is that it provides multiple modes of action. 

First, when undissociated acid in the vinegar penetrates 
the membrane of an unwanted microorganism, it lowers 
the internal pH of the cell. This drop in pH stops 
cell growth and prevents multiplication of the cell, 
because the cell is forced to reallocate the use of 
its energy to regulate its internal pH level.

 
of food and beverage 

products contain vinegar 
as a natural preservation 

system, according to all new 
products launched globally 

with a "no additives or 
preservatives" claims.

Source: Innova Market Insights
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Second, the acid contributes to suppressing water activity, helping to restrict 
the amount of water available needed for biological activity and interrupting the 
transmission of nutrients needed for microorganisms to reproduce and grow.  
This is why freezing is an effective method of preservation; it binds up 
the water in the product so nutrients can't be delivered to enable 
bacterial growth. It doesn’t kill the microorganism, it pauses its growth 
temporarily; once thawed, growth can resume because water is 
available. When using a high concentration of a solute such as 
acetate, microbial cells lose water through the cell membrane in an 
effort to reestablish equilibrium; this loss of water causes the cell 
to shrink and deprives it of the nutrients needed for cell growth 
and division.

Finally, vinegar-based solutions also inhibit microbial growth 
by blocking energy generation. Slowing down the process of 
glycolysis by which microorganisms generate energy, organic salts 
surround and penetrate the cell via osmosis, ultimately disrupting 
the cell's metabolism. This mechanism works synergistically with 
intercellular acidification to deprive cells of the energy necessary  
for growth and multiplication.

The degree to which each of these modes of action contributes to a 
preservative effect within a given food matrix varies with the composition  
of the ingredient solution and of the matrix itself. 

Options are important
Numerous factors shape a specific food product's susceptibility to microbial 
outgrowth: temperature, pH, moisture content, water activity, initial microbial 
load, and sodium content. When it comes to identifying the right solution for 
a given application, the flavor profile of the meat is also relevant, as some 
applications are more vulnerable to flavor impacts than others. 

Finding the ingredient solution that will prove optimal for a specific combination 
of these many factors requires an advanced knowledge of food science, as well 
as an array of products from which to choose. 

A broad and versatile portfolio of vinegar-based solutions gives processors 
options in terms of concentration, ingredient pH, sodium or potassium content, 
degree of flavor impact, labelling alternatives, and ingredient format.

Liquid vs. Powder
The choice of ingredient format is an important one for the processor, as liquid 
and powder forms differ in some significant ways. 

Liquid vinegar ingredients typically offer the advantage of a lower price point 
compared to vinegar powders. They are available in different concentrations 
and pH values and buffering agents. Liquids are costlier to ship, and consume a 
greater amount of warehousing space.
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Powdered vinegar options offer multiple advantages:

• High acid concentration — Vinegar concentrations are much greater 
(roughly three times greater) in powders compared to liquid vinegars. 

• Low dosage rates — The ability to use low, but effective, dosage rates helps 
avoid flavor impacts. 

• Lower inherent flavor — In the process of drying liquid vinegar to create the 
powdered format, volatile compounds that contribute to aroma and taste are 
driven off along with water. 

• Lower freight costs — With water content left behind, powders are also less 
costly to ship and store.

• Convenience — Powders can simplify the production process when mixed 
into a spice blend, and they can be used in topical applications.

Powders, however, tend to be higher in sodium content. While potassium 
buffers can be used to avoid contributing sodium to the product, they are 
naturally hygroscopic and more prone to clumping. Sodium buffers are less 
hygroscopic and easier to dry.

Finding the optimal solution
Given the number and variety of vinegar-based preservative solutions available 
today, and the seemingly endless permutations of variables at play within a 
specific food matrix, identifying the best ingredient solution for the challenge 
can be daunting for meat processors.

The time required for that task can be minimized, and the results it achieves 
optimized, with assistance from experts who understand how various 
antimicrobials function with a food matrix. Predictive modeling, too, can 
facilitate the search, provided the models are backed by sufficiently rigorous 
scientific studies.

Tools such as Corbion's Listeria Control Model provide a fast and highly  
accurate means of comparing the effectiveness of multiple ingredient 
solutions. The tool adjusts for eight different food characteristics and predicts 
growth based on validated L. monocytogenes challenge studies for specific 
ingredient solutions. 

Figure 2: Lag time of Listeria growth in all natural ham
Figure 2 shows the predicted 
growth of Listeria in a typical cured 
ham formulation; results achieved 
using a liquid vinegar solution 
(Verdad® N9) — from Corbion —  
are compared to control.  
The control product is expected 
to remain below 4 log outgrowth 
for at least approximately six days. 
The addition of 1.4% Verdad N9 
is expected to remain under 4 log 
outgrowth for at least 100 days 
(95% line).
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Use of the predictive modeling tool can facilitate the process of determining 
the dosage necessary to meet a specific food safety goal when comparing 
different ingredient solutions. Once dosages have been determined and the 
predicted results meet the processor's requirements, the optimal choice may be 
determined by other factors such as flavor differences, cost-in-use, or available 
storage space. 

State of the art
Buffered vinegar solutions took a significant step forward when Corbion 
introduced its Verdad® Opti Powder N450, a unique product offering a 40% 
reduction in sodium compared to Verdad® Powder N6. Buffered with a balanced 
blend of sodium and potassium, the product provides both a cleaner flavor 
profile and lower sodium content. Incorporating a sea salt component allows 
the powder to remain free-flowing without a significant impact in sodium 
contribution. The company also now offers a sodium-free dry vinegar (Verdad® 
Opti Powder N460) that has no impact on flavor. 

These solutions help avoid detrimental impacts on product color, flavor and cook 
yield. Figure 3 illustrates the efficacy of Verdad® Opti Powder N450 at controlling 
L. monocytogenes in cooked ham at three different concentrations.

Nature and know-how make the difference
In the highly competitive global meat industry, processors are continually 
challenged to satisfy evolving consumer demands, adapt to changes in the 
regulatory landscape, and maximize business performance; doing so is a 
complex and never-ending task. Fortunately, experts' understanding of the 
science behind today's most advanced natural preservation solutions is rapidly 
enabling food technologists and ingredient specialists to match results once 
thought to be possible only through the use of synthetic, fossil-based solutions. 

Figure 3: Listeria inhibition in cooked pork ham with several 
concentrations of Verdad® Opti Powder N450
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For more information, please contact: 

Corbion Marketing and Communications 

+1 800 669 4092 

foodus@corbion.com

Background information:  

Corbion is the global market leader in lactic acid and its derivatives, and a leading supplier of emulsifiers, functional enzyme 

blends, minerals, vitamins, and algae ingredients. We use our unique expertise in fermentation and other processes to deliver 

sustainable solutions for the preservation of food and food production, health, and our planet. For over 100 years, we have 

been uncompromising in our commitment to safety, quality, innovation and performance. Drawing on our deep application and 

product knowledge, we work side-by-side with customers to make our cutting-edge technologies work for them. Our solutions 

help differentiate products in markets such as food, home & personal care, animal nutrition, pharmaceuticals, medical devices, 

and bioplastics. In 2020, Corbion generated annual sales of € 986.5 million and had a workforce of 2,267 FTE. Corbion is listed 

on Euronext Amsterdam. For more information: www.corbion.com

Leveraging the power of those nature-driven solutions enables processors to 
protect their brands, deliver safe, quality products to their customers, minimize 
product waste and enhance their profitability.  
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