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ABSTRACT 
 
One of the indications of chocolate product degradation is 
blooming. It is distinguished by the loss of surface shine, 
which is replaced by a white coating. These effects are caused 
by insufficient processing, inappropriate chocolate content, 
and incompatible storage conditions. It can alter these 
characteristics to enhance chocolate's resistance to blooming 
and its texture, flavor, and appearance. Several factors must 
be considered when creating blooming-resistant chocolate, 
such as chocolate particle size, fat content, processing 
techniques, and storage conditions. This concise review will 
discuss fat blooming in chocolate, from its formation to its 
contributing factors and methods for resolving it. 
 
Key words: Blooming, fat, defect, organoleptic, perception, 
physicochemical 

1. INTRODUCTION 
Chocolate is a trendy processed food made from cocoa 

beans that contain a distinctive taste and high functional 
compounds, especially a source of antioxidants [1], [2]. It is a 
confectionery manufactured with cocoa powder and sugar 
dissolved in cocoa butter [3], [4]. It has a specific flavor, 
frequently used to produce bread, cakes, and ice cream [5]. 
Chocolate is divided into two types: real chocolate 
(couverture) and compound chocolate. Real chocolate 
contains cocoa liquor and cocoa butter, whereas compound 
chocolate has cocoa powder and cocoa butter substitutes. Real 
chocolate is more costly than compound chocolate. 

Cocoa butter is a fat found naturally in the cocoa bean. 
Cocoa butter's physicochemical characteristics result from the 
presence of triacylglycerols (TAG). Cocoa butter acts as a 
dispersion medium during the chocolate-making process and 
thereby establishes a stable crystallinity. It raises the melting 
point of chocolate, allowing it to remain solid at room 
temperature. It can also improve the texture and flavor of 

 
 

chocolate bars. A phenomenon known as polymorphism 
occurs when cocoa butter crystallizes into different crystals in 
chocolate bars. Multiple types of crystals formed during the 
manufacturing determine the melting point and texture of the 
chocolate. As cocoa butter is a costly ingredient in chocolates, 
several studies have used substitute ingredients known as 
cocoa butter alternative oils [6]. The most widely used 
replacement fats for chocolate and coatings are cocoa butter 
equivalents and cocoa butter substitutes [7]. 

Chocolate may be damaged in two ways: fat bloom and 
sugar bloom, both of which cause the chocolate to lose its 
shine and become coated in a white coating. Fat bloom arises 
because of poor chocolate storage. Chocolate's physical flaws 
make it less appealing to customers [8]. Fat bloom is caused 
by three major factors: composition, processing, and storage 
conditions [9]. 

There are several methods for preventing or suppressing 
the formation of this bloom in chocolate products. By 
examining and addressing the variables that contribute to 
blooming in chocolate, it is possible to create chocolate 
resistant to blooming for an extended period while 
simultaneously enhancing other chocolate characteristics. As 
a result, this article is important to discussing blooming in 
chocolate and the factors causes and solutions for dealing 
with it. This information can be used to prevent chocolate 
from blooming, which degrades its quality. 

2. CHOCOLATE BLOOMING AND ITS CAUSES 
Fat bloom is a physical property of chocolate that gives 

the surface an appearance of a whitish color. Chocolate 
cannot withstand high temperatures during storage because of 
the re-crystallization of cocoa butter [10]. Fat bloom occurs 
when small crystals grow on the surface and within the 
product after some time [10], [11]. Due to temperature 
oscillations during storage, fat crystals transform, resulting in 
new polymorphic forms [12]. 

Chocolate's surface is more sensitive to temperature 
changes than its interior. The quantity of liquid fat pressed 
onto the chocolate's surface can be increased by raising the 
temperature. A late temperature drop does not cause all of the 
melted fat to crystallize, but one portion remains liquid in the 
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chocolate. Furthermore, the surface of the chocolate becomes 
porous, allowing the liquid to propagate to the surface of the 
chocolate, where it crystallizes under certain conditions. 
Chocolate that has been adequately packaged is more 
resistant to fat bloom than chocolate that has been improperly 
packaged [9]. Fat blooms can occur even when production 
meets all of the requirements for preventing them. It is due to 
poor storage conditions. When the temperature rises above 32 
°C, some of the cocoa butter melts. 

According to Delbaere et al. [13] and Zhao et al. [14], 
several factors contribute to blooms in chocolate products, 
including the 1) tempering method, 2) the composition, 3) the 
storage temperature, and 4) the microstructure of the 
chocolate. However, the tempering process is typically carried 
out correctly during the chocolate production process, 
ensuring that the chocolate remains stable at 12-18°C storage 
temperature. The second factor is controllable during the 
production process. In contrast, the third factor is a variable 
that can be modified during storage. Additionally, because 
particle size and packaging are more challenging to control 
and understand, chocolate microstructure influenced by 
particle size, is critical for controlling fat blooms on the 
chocolate surface. Several researches have been carried to 
determine what causes chocolate fat blooms. Additionally, the 
effect of several ingredient indicators on the formation of fat 
blooms was examined. Numerous factors contribute to the 
formation of blooms in chocolate products, as shown in Table 
1. 

 
2.1 Chocolate particle size  

In chocolate, a better understanding of microstructure, 
influenced by particle size distribution [13], [15], [16]. Thus, 
a better understanding of the chocolate microstructure, 
influenced by the particle size distribution, is essential for 
regulating fat bloom formation [13]. According to Afoakwa et 
al. [10], fat bloom happens within 24 hours of storage due to 
liquid and unstable fat on the surface. After 96 hours, the 
white crystalline structure spreads throughout the chocolate. 
Small particle size (18 µm) had the slowest fat bloom growth 
rate, while the largest particles size (50 µm) had the fastest fat 
bloom growth rate. Zhao et al. [14] found that samples with 
small particle sizes are more resistant to fat migration and 
have fewer white color changes on the surface, resulting in 
slower fat bloom formation. In contrast, the 15 µm sample 
exhibited a greater oil migration rate and fat bloom 
development on the surface than the 22 µm and 40 µm 
samples kept at 23 °C [17]. 

 
2.2 Fat replacement 

Adding fat substitutes also prevent the growth of 
chocolate fat bloom. It can create chocolate with alternative 
fats to enhance its softness, availability and reduce 
susceptibility to fat bloom [18]. The chocolate made with 
different ratios of cocoa butter substitute (CBS) and cocoa 
butter equivalent (CBE) was stored at 20 °C for 100 days, with 
no growing fat blooms. The fat blooms more easily and 
quickly in certain mixtures of cocoa butter, CBS, CBE, and 

milk fat. Due to the instability of the crystal network, the TAG 
becomes mobile, and the liquid phase content rises, causing 
fat separation and re-crystallization. 

Additionally, it can prevent blooms by substituting cocoa 
butter for coconut and palm oils [6]. To avoid fat bloom, the 
optimal substitution ratio for chocolate bars made with 
substituted oil is 20-40%, but 100% substitution is possible. 
Still, fat crystallization may take longer, and It may be 
necessary to chill chocolates below 12 °C to keep them stable 
for a long time. The maximum amount of fat substitution 
needed to maintain the texture of a chocolate bar is 60% wt 
[6]. Moreover, substituting cocoa butter with 4.5 % coconut 
oil enhances the chocolate's looks and ability to resist bloom 
development [19]. Likewise, it is believed that adding fats 
high in lauric fatty acids will result in a more stable chocolate 
product during crystallization [20]. CBE is also a source of 
fats and oils compatible with cocoa butter's physical and 
sensory properties [21]. According to Bahari & Akoh [18], 
Illipe butter can help prevent fat blooms in chocolate. 

According to Zarringhalami et al. [22], chocolate 
containing 5% and 10% interesterified tea seed oil had a more 
similar texture to cocoa butter chocolate. The solid fat content 
(SFC) analysis results indicated that incorporating 10% 
interesterified tea seed oil into the chocolate formulation did 
not affect the cocoa butter melting point. By including 10% 
interesterified tea seed oil in chocolate formulations, it is 
possible to reduce fat bloom formation while maintaining the 
desired sensory quality of chocolate samples. According to 
Sonwai and Rousseau [12], demonstrated that milk fat acted 
as a preservative, preventing the formation of blooms, but 
only at concentrations greater than 2.5 % of the final product. 
It found the addition of 5% milkfat to chocolate to preserve its 
sensory properties and resistance to temperature cycles [12], 
[23]. In contrast, Wang et al. [20] studied where the addition 
of milkfat or cocoa butter can accelerate blooms. Combining 
these two types of fats can delay bloom formation. 

Frazier and Hartel [24] explained that whenever the 
dough contained an adequate amount of fat, all fats except 
cacao butter inhibited the formation of fat blooms. Palm and 
olive oils both exhibit a minimum fat migration rate of 16%, 
which is required to prevent blooming. At the same time, 
crystal memory does not affect preventing chocolate chips 
from blooming. Oil migration is the primary cause of blooms 
on chocolate chips baked in cookies. 

Meanwhile, according to Rosales et al. [25], all crystal 
promoters significantly inhibited fat bloom formation in 
chocolate. Chocolate containing 0.25 % CP1 (mono- and 
polyglycerol esters derived from high oleic sunflower oil) 
developed fat blooms more rapidly. It compared chocolate 
containing 0.25 % CP2 (a mixture of mono-diglycerides, 
lecithin, citric acid, and esters from canola oils and palm 
stearin) and CP3 (canola oil triglycerides previously treated 
with full hydrogenation). The Buscato et al.[26] studied at a 
concentration of 0.5 %, the inhibitor sorbitan tristearate 
(STS) inhibited the development of fat blooms. It stated that 
products stored at 20°C did not generate fat bloom when 
added sorbitan monostearate and cocoa butter stearin were. 
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Cocoa butter stearin (6.0%) and sorbitan monostearate 
(0.15%) significantly delayed fat bloom generation by 45 and 
15 days, respectively. 

Fat bloom caused by oil migration is the primary quality 
issue for chocolate producers because it reduces shelf life and 
exportability. A molecular diffusion model accurately 
described liquid oil migration through chocolate. Oil 
migration mechanisms can be influenced by processing 
conditions, composition, and possible interactions between 
these factors [27]. In dark chocolate composites containing up 
to 7.5 % cocoa butter, the presence of diacylglycerol (DAG) 
did not delay the emergence of oil migration or prevent fat 
bloom [28]. 

 
2.3 Processing treatment 

According to Svanberg et al. [29], the two 
pre-crystallization processes generate structures with 
significantly different storage stabilities. Compared to the 
conventional tempering process, well-tempered β-VI has an 
excellent and homogeneous structure in solid chocolate, 
which is ideal for inhibiting fat bloom and migration. 
However, an excessive structural density results in 
heterogeneity and a diminished capacity to resist bloom 
growth. The less-dense the structure, the more resistant it is to 
moisture migration. 

Numerous studies have demonstrated that specific sugar 
particles can inhibit blooming. Microstructure changes in 
chocolate can affect blooms due to interactions between 
emulsifiers, sugars, and fats [13]. Jin and Hartel [30] 
investigated the effect of particulates on fat blooming in 
chocolate using a model system made up of half non-fat 
particles and half cocoa butter, with cocoa powder replaced 
with sugar particles. Lecithin has been shown to significantly 
reduce bloom due to its effect on sugar, emulsifier, and fat 
interactions. The type of particles used in chocolate and 
coated with lecithin can significantly impact bloom formation 
during storage. Sweeteners such as maltitol and tagatose can 
also help prevent blooming in chocolate bars. According to 
Son et al. [31], when one combined chocolate with tagatose, 
blooming development was significantly decreased compared 
to when maltitol was used. In terms of bloom resistance, 
maltitol outperformed the chocolate group with added sugar. 
As a result, alternative sweeteners such as tagatose and 
maltitol improve the final chocolate product's storage stability 
while also providing anti-blooming properties and health 
benefits. Rodriguez Furlán et al. [32] examined the use and 
combination of sucralose (Su) and stevia (St) sweeteners in 
white chocolate products. As a result, the formation of fat 
blooms and sugars is increased in products treated 100% Su 
or 50% S+50% Su. While products with 50% St + 50% Su 
and 75% St + 25% Su produced less fat bloom, the dense 
microstructures remained stable. 

Fat bloom can be caused by various factors, including 
inappropriate tempering, inadequate cooling, the addition of 
fats that are incompatible with cocoa butter, or improperly 
stored [33]. It may use re-tempering chocolate to avoid the 
formation of fat blooms. Machálková et al. [34] demonstrate 

that re-tempering technology can effectively increase 
chocolate products' resistance to fat bloom, as indicated by 
increased color stability.  

Additionally, Zhao et al. [14] investigated blooming on 
untempered chocolate, demonstrating a honeycomb-like 
brown surface with black spots surrounded by white sand 
flowers after 25 days of room temperature storage. This 
polymorphic transformation occurs when form IV cocoa 
butter transforms into form V crystals. When blooming 
occurs, the surface whiteness of the non-fat particles 
increases, but the particle size distribution exhibits a limited 
white color change effect. Kinta and Hartel [35] investigated 
the relationship between insufficient tempering and the yield 
of cocoa beans produced by chocolate during blooming 
formation. The results indicated that increasing the number of 
cocoa beans formed more β crystals, and the crystallization 
temperature increased. It means that crystallization takes 
place earlier. 

 
2.4 Chocolate storage conditions 

Zhao and James [36] investigated blooms in chocolate at 
temperatures ranging from 20 to 29 °C and 20 to 32 °C. The 
results indicate that melt-mediated polymorphism occurs 
during temperature cycling. Under a 20-29 °C cycle, fat 
crystals form on the chocolate surface. Meanwhile, the 
chocolate surface becomes roughened during the 20-32°C 
cycle, resulting in variations in the appearance of blooms. 
Additionally, the liquid fat content is higher at 32 °C than at 
29 °C, resulting in a faster bloom formation. The sensory 
quality of chocolate deteriorated during storage at 35 degrees 
Celsius, with visible signs of blooming on the first day of 
storage. Consumers find the appearance of chocolate 
unacceptable after a week's storage [37]. 

Chocolate storage at 30 °C is unsuitable for short-term 
storage—generally, a storage temperature of 20 °C results in 
good color and texture, however, not in terms of his sensory 
evaluation. Products that have been tempered are resistant to 
fat bloom. Even after ten weeks from the production date, the 
product's texture stored at 6 °C can be preserved and retains 
its original attributes. It should keep chocolate products at 12 
°C [38]. Table 1 summarizes the various causes of chocolate 
fat bloom. 

 
Table 1. Contributing factors to chocolate fat bloom and 
efforts to prevent 
Influential 
factor 

Findings Ref. 

Chocolate 
particle size 

When compared to small particles, 
products with large particle sizes exhibit 
the fastest rate of bloom growth 

[14], 
[39] 

Fat 
replacement 

The fat alternative can enhance the 
softness and resistance to the bloom of 
chocolate 

[18] 

Fat 
replacement 

Substituting coconut oil or palm oil for 
cocoa butter can help reduce the 
occurrence of blooms in chocolate, with 
a maximum fat substitution of 60% 

[6] 
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Influential 
factor 

Findings Ref. 

Fat 
replacement 

By substituting coconut oil for cocoa 
butter, it can minimize bloom formation 

[19] 

Fat 
replacement 

The addition of lauric acid-rich fat can 
result in a more stable chocolate product 
during crystallization 

[40] 

Fat 
replacement 

Chocolate formulations containing the 
illipe butter and palm-mid fractionation 
can help prevent dark chocolate fat 
blooms 

[41] 

Fat 
replacement 

By incorporating interesterified tea seed 
oil into chocolate, it can reduce fat 
blooms without impairing sensory or 
crystallization properties 

[22] 

Fat 
replacement 

The addition of milk fat can help 
prevent fat bloom. 

[12], 
[23] 

Fat 
replacement 

Without a combination of the two, 
adding milk fat or cocoa butter can 
accelerate blooming 

[20] 

Fat 
replacement 

When compared to other fats, cocoa 
butter can inhibit the growth of fat 
bloom in chocolate. 

[24] 

Fat 
replacement 

When mango kernel fat is used as a fat 
replacer in chocolate products, it can 
inhibit the growth of fat bloom (45 days) 
when cocoa fat is used (15 days) during 
storage 

[42] 

Fat 
replacement 

The addition of oil-based additives to 
chocolate can significantly inhibit the 
growth of fat blooms. 

[25] 

Fat 
replacement 

Chocolate products containing 6.0 % 
w/w cocoa butter stearin and 0.15 % 
w/w sorbitan monostearate can delay fat 
blooms by 15-45 days 

[26] 

Fat 
replacement 

Chocolate products containing 7.5 % 
DAG cocoa butter can prevent oil 
migration caused by a fat bloom 

[38] 

Processing 
treatment 

Compared to conventional tempering, 
the Well-tempered β-VI 
pre-crystallization stage inhibited fat 
bloom and migration. 

[29] 

Processing 
treatment 

Using a portable NIR spectrometer in 
conjunction with a chemometric device, 
different temperatures can cause 
changes in the shape of fat polymorphs, 
resulting in the appearance of fat blooms 

[43] 

Processing 
treatment 

The use of corn syrup solids (CSS) 
sweeteners by 75% and 50% can reduce 
chocolate bloom. Lecithin combined 
with sucrose, maltitol, corn syrup solids, 
and polydextrose sweeteners can 
significantly reduce the bloom rate in 
chocolate 

[30] 

Processing 
treatment 

It is possible to keep chocolate products 
from blooming by adding maltitol and 

[31] 

Influential 
factor 

Findings Ref. 

tagatose sweeteners 

Processing 
treatment 

White chocolate products with stevia 
and sucralose sweeteners can prevent 
lower fat blooms if the stevia sweetener 
content is equal to or greater than the 
sucralose sweetener content 

[32] 

Processing 
treatment 

Re-tempering chocolate products can 
increase fat bloom resistance 

[34] 

Processing 
treatment 

Without tempering chocolate products, 
blooming can occur on the 25th day of 
storage 

[44] 

Processing 
treatment 

Insufficient tempering time and space 
for phase separation (particles and fat) 
resulted in the formation of blooms in 
chocolate 

[35] 

Chocolate 
storage 
conditions 

When chocolate is stored at 20-32 °C, it 
can bloom 

[36] 

Chocolate 
storage 
conditions 

Blooming was observed on the first day 
of storage at 35 °C. However, after seven 
days, the sensory quality of chocolate 
had deteriorated 

[37] 

Chocolate 
storage 
conditions 

12 °C is the optimal temperature for 
storing chocolate products during their 
storage period 

[38] 

 
3. CONCLUSION 

Chocolate blooms can be studied and modified to make 
chocolate products more resistant to blooming and improve 
market quality. Chocolate particle size, fat content, 
processing treatment, and storage temperature conditions 
must all be considered. The smaller the particle size of the 
chocolate, the slower the fat bloom grows. The chocolate 
produced with cocoa butter alternatives such as coconut oil, 
palm oil, mango kernel fat, tea tree oil, and milk fat shows 
high resistance to fat bloom. Treatments used during the 
chocolate manufacturing process can affect the formation of 
blooms in the chocolate. Blooming can be accelerated if the 
chocolate is not tempered correctly. Sugar and sweeteners can 
slow blooming in chocolate. Additionally, re-tempering 
treatment can improve chocolate products' resistance to fat 
bloom. The optimal storage temperature for chocolate is cold 
to ensure that it does not bloom. 
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