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The objective of this research is to demonstrate the effectiveness of encapsulated acids when 
used to balance the pH of a cake batter. It will determine the effects on the volume of the baked 

product, the amount of gas lost during batter mixing and the shelf life. 

Microbiological stability

Modern cake making techniques, with the 
use of high levels of sugar, emulsifiers and 

humectants can provide a product which has a 
soft eating quality for several weeks, ensuring 
a product with a long shelf, providing it is 
microbiologically stable.

To ensure the microbiological stability of the 
product does not limit the products overall shelf 
life, preservatives such as potassium sorbate 
are often added to prevent the premature 
growth of spoilage yeasts and moulds. 
Preservatives such as sorbates are however 
pH dependant, exhibiting higher antimicrobial 
action at lower pH values. For this reason, it is 
beneficial to add an acid such as malic acid or 
citric acid to control the pH.

Acids such as malic or citric are however high 
rate of reaction (ROR) acids. When added to 
a cake formula, although they will reduce the 
pH, they will also begin to react rapidly with 
any leavening agents present. This can lead to 
excessive leavening at ambient temperatures, 
reducing the leavening potential of the product 
during the baking phase. This can lead to 
reduced volumes in the product, resulting in 
poor eating quality and product storage.
Encapsulation of a high ROR acid prevents the 
initial reaction between the acid and leavening 
agent, allowing the leavening agent to react with 
other acids such as sodium acid pyrophosphate 
(SAPP). SAPP is optimised for gas production 
during the baking phase, providing an increased 
volume in the end product when compared to 
the addition of un-encapsulated high ROR acids.

Recipe & Method

A high ratio cake formula was developed which 
produced a batter with a homogeneous 

appearance. This indicates a reasonable 
emulsion had been produced, which is 

necessary to retain the gases produced by 
mixing and leavening agents. The ratio of 
ingredients used for the control formula can be 
seen in table 1.

In addition to these ingredients, potassium 
sorbate powder was also added to all formulas 
at an inclusion rate of 0.1%. 

Fat encapsulated Malic acid (45% acid, 55% 
carrier) and un-encapsulated malic acid were 
added to the cake formula at various levels, as 
outlined in table 2. 

Ingredient Quantity 
(w/w on flour)

Water 135

Sugar 135

Wheat flour 100

Emulsified shortening 55

Whole egg powder 32

Skimmed milk powder 10

Baking powder 5.5

Glucose syrup 42DE 5

Glycerine 4

Egg white powder 3

Salt 1.5

Table 1. Formula for high ratio cake

Malic Acid % added (w/w on batter)

Encapsulated 
(45% active)

0.1
[1a]

0.2
[2a]

0.3
[3a]

0.4
[4a]

Un-encapsulated 0.045
[1b]

0.09
[2b]

0.135
[3b]

0.18
[4b]

Table 2. Levels of encapsulated and un-encapsulated acids 
in sample preparation.  Relevant sample number shown in 
brackets
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The batter was prepared using a standardised 
method and then rested for 10 minutes to 
ensure batter equilibration, before taking batter 
density measurements. Three equal volumetric 
measurements were taken from each sample of 
batter and compared against an equal volume 
of water. Gravimetric measurements were also 
taken from these samples. Batter density was 
then calculated using the following equation:

Specific gravity =  mass of batter
   mass of water

The batter was scaled at 400g and deposited 
in lined pans. The batter levelled without being 
manipulated and was baked at 180°C for 35 
mins before being cooled on wire racks. An 
internal temperature of ≤26°C was reached 
before samples were sealed in barrier bags 
for shelf life testing, where they were stored at 
25°C and checked on a weekly basis for signs of 
mould growth. Photographs were also taken of 
the samples to give an indication of volume.

Results and discussion

Specific gravity of batter

The results of the batter testing can be 
seen in figure 1. As the concentration of 

un-encapsulated malic acid increases, the 
specific gravity of the batter increases. As the 
level of encapsulated acid increases, the specific 
gravity of the batter decreases. In regard to 
cake batters, the specific gravity is primarily 
related to the level of gas entrainment within 
the batter. Considering this, it is reasonable to 
assume that as the level of un-encapsulated 
acid increases, the gas entrainment decreases; 
as the level of encapsulated acid increases, the 
gas entrainment increases.

Gas entrainment within the batter will be 
predominantly generated by two means - during 
the mixing phase and by the leavening agents 
and acids contained within the batter. As the 
mixing speed and times were kept constant 
throughout all samples, the differences seen in 
the batters are more likely to be due to reactions 
between the leavening agents and acids, than 
the mixing phase directly.

In cakes, sodium bicarbonate will begin to 
produce carbon dioxide in the presence of 
moisture and a leavening acid. Due to Malic acid 
having a high ROR it will react rapidly at ambient 
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Figure 1 - Specific gravity of batter samples
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temperatures, dictating the amount of leavening 
at this stage. This gives the potential for the 
gases generated over the initial stages of mixing 
to be lost, as the structure of the batter may not 
be stable enough to retain them. If an increased 
proportion of these gases generated are being 
lost it would be expected that the specific gravity 
of the batter after the mixing phase would 
decrease; this is a similar trend to the data seen 
in figure 1.

The addition of encapsulated acids, by contrast, 
appears to have the opposite effect on the 
batter; as the level of encapsulated acids 
increase, the specific volume decreases - 
indicating that the batter has retained more 
gases. This indicates that the encapsulated acid 
must have assisted in aerating the batter by 
some mechanism.

Most encapsulated products are not designed to 
truly impermeable; lipid encapsulated products 
provide a hydrophobic barrier, however there 
may be some surface-active material on the 
particles and there is also some potential for 
leaching of materials into/out of the particles 
under certain conditions. Considering the 
increase in aeration of the batter it is likely 
that a small proportion of acid diffused out 
of the particles and reacted with the sodium 
bicarbonate in the cake formula. Although it is 
difficult to predict its exact rate, considering the 
decrease in specific gravity, it is likely to have 

occurred long enough into the mixing phase for 
the batter to have developed sufficient structure 
to hold the gases, or during the time the batter 
was resting. As some batter leavening prior to 
baking is beneficial, this is not considered to 
have a negative effect.

Volume of cakes

Photographs were taken of the cakes in view of 
visualising the difference in volume between 

the baked samples.

Figure 2a shows the samples produced using 
encapsulated malic acid. Although there is 
some variance between the samples, the 
overall trend is that as the level of encapsulated 
malic acid increases, the volume increases. 
Figure 2b shows the samples produced 
using un-encapsulated malic acid; from the 
photographs taken it appears that the volume of 
the cakes is maintained in samples containing 
0.045% & 0.09% malic (samples 1b and 2b 
respectively), however higher additions of 
0.135% and 0.18%, the volume of the cakes 
appear to decrease. 

The differences between encapsulated and 
un-encapsulated acids are highlighted in figures 
2c and 2d. 

The differences between the cake volumes are 

Figure 2b - Un-encapsulated malic acid 

Figure 2a - Encapsulated malic acid
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likely to be associated with the specific gravity 
of their respective batters. As seen in figure 1, 
higher levels of encapsulated acid correlates 
with a lower specific gravity, meaning that they 
contained a higher proportion of gas. 

During the baking phase, the gases present in 
the batter expand and the remaining leavening 
agent produces increased levels of carbon 
dioxide, increasing the volume of the cake. The 
gelatinisation of starches and denaturation of 
proteins then increases the viscosity of the cake, 
the structure of which is then set upon cooling.

An increased level of gas within the batter tends 
to result in a cake with an increased volume. An 
increase in specific gravity means less gases 
are present to expand and contribute to volume. 
This explains why the cakes with the higher 
specific gravity appear to have reduced volumes. 
If a higher proportion of sodium bicarbonate 
has also been expended by the samples using 
un-encapsulated acid, these would also 
generate less gas during the baking phase, 

resulting in a cake with further reduced volume.
Overall there is a definite advantage in using 
encapsulated malic acid over un-encapsulated 
malic acid, especially at higher levels, as it 
better supports the cake volume throughout the 
baking process.

Shelf life

Potassium sorbate is a pH dependant 
preservative exhibiting higher antimicrobial 

activity at lower pH values. It is generally 
thought that sorbates must be used in foods 
with a pH of approximatly 6.5 or less to be 
effective. 

In order to keep the pH level below this 
threshold you would use the higher levels of 
encapsulated malic acid (0.135% & 0.18%). 
During this research we tested the pH of the 
baked cake samples (figure 3) and found that 
these higher level encapsulated malic acids 
were the only ones that were effective in keeping 
the pH low enough below the threshold of 6.50.

Figure 2d - 0.18% Malic acidFigure 2c - 0.135% Malic acid 
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As can be seen in figure 4, lower levels of acid, at 
0.045% and 0.09% did not show an improvement in 
the minimum mould free shelf life when compared 
to the control (14 days), given that the pH level may 
not have been low enough to support the potassium 
sorbate in the formula.  

Higher acid levels, at 0.135% and 0.18% showed 
a significant increase in shelf life, with 0% of the 

samples expiring over the 90 day storage period.  
This shows a significant increase in the microbial 
resistance of the samples, and is likely to be 
associated with the pH of these samples being 
brought into a suitable pH level for the potassium 
sorbate to be effective. This highlights the necessity 
for pH control when designing preservative systems.

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00

7 14 21 28 35 42 49 58 90+

%
 o

f s
am

pl
es

 e
xp

ire
d

Mould free shelf life (days)

Control

Encap. Malic 0.045%

Encap malic 0.09%

Encap malic 0.135%

Encap malic 0.18%

Figure 4 - Results of storage testing of samples containing encapsulated malic acid

Conclusion

This research emphasises the effectiveness of encapsulated malic acid as a means to balance pH 
in cakes. Not only do the higher inclusion rates reduce the pH of the final product to the optimum 

level, allowing the potassium sorbate to function normally, but they also have a positive effect on the 
volume of both the batter of the cake and the baked product. 

The minimum level of malic acid required to lower the pH enough so that the potassium sorbate 
could still function effectively is 0.135%. Samples containing malic acid at 0.135% and 0.18% 
showed no visible mould growth over a 90-day storage period. With the level of malic acid required 
to attain maximum shelf life there is clear evidence that it is important to use encapsulated malic 
acid over un-encapsulated so as to ensure the optimum cake volume is achieved.

To request a free sample or for more information on encapsulated malic acid 
email enquiries@tastetech.com


