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Abstract:
Tempering of chocolate is a process of heating and cooling the chocolate in order to modify the crystals that forms during the manufacturing process. Tempering allows us to create the beautiful sheen and smooth texture of the chocolates. It has an impact on the way it melts in your mouth, taste, appearance and texture of the chocolate. Chocolatiers know that tempering chocolate is an essential step in the production of fine chocolates. The tempering process ensures that the finished product has a smooth, glossy appearance and a fine texture. In this article, we will explore the art of tempering chocolate, its impact on taste & texture and learn how to do it properly.
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Introduction:
Chocolate is a sweet made out of roasted and grounded cacao seeds through various process. The seeds of the cacao tree must be fermented to develop the flavor. After fermentation, the beans are dried, cleaned, and then roasted. Once the cocoa mass is liquefied by heating and, it is called as chocolate liquor. The liquor may also be cooled and processed into its two components: cocoa solids and cocoa butter. Much of the chocolate consumed today is in the form of sweet chocolate, a combination of cocoa solids, cocoa butter or added vegetable oils, and sugar. Milk chocolate is sweet chocolate that additionally contains milk powder or condensed milk. White chocolate contains cocoa butter, sugar, and milk, but no cocoa solids. Chocolate is one of the most popular food types and flavors in the world, and many foodstuffs involving chocolate exist, particularly desserts, including cakes, pudding and other confectionaries1.

Process of making chocolate:

Cocoa pods are harvested when they are fully ripe, because if the pod is unripe, the beans will have a low cocoa butter content, or low sugar content, reducing the ultimate flavor2.


Microbial fermentation
The beans with their surrounding pulp are removed from the pods and placed for fermentation. Yeasts produce ethanol, bacteria produce lactic and acetic acid. The fermentation process, which takes up to seven days, also produces several flavors that eventually provide the chocolate taste. After fermentation, the beans must be dried to prevent from mold growth. This is done by spreading the beans out in the sun from five to seven days. The beans are cleaned (removing twigs, stones, and other debris), roasted, and graded. Next, the shell of each bean is removed to extract the nib. The nibs are ground and liquefied, resulting in pure chocolate liquor. The liquor can be further processed into cocoa solids and cocoa butter. 

Blending
Chocolate liquor is blended with the cocoa butter in varying quantities to make different types of chocolate. The more expensive chocolate tends to be processed longer and thus has a smoother texture and mouth feel.

Conching
A conche is a container filled with metal beads, which act as grinders. The refined and blended chocolate mass is kept in a liquid state in a heat. Chocolate before conching has an uneven and rough texture. The conching process produces cocoa and sugar particles smaller than the tongue can detect and reduces rough edges, hence the smooth feel in the mouth. The length of the conching process determines the final smoothness and quality of the chocolate.

Tempering
Tempering of chocolate is a process of heating and cooling the chocolate in order to modify the crystals that forms during the manufacturing process. Due to uncontrolled crystallization of cocoa butter typically results in crystals of varying size, enough to be seen in naked eye. This causes the surface of the chocolate to appear mottled, and causes the chocolate to crumble rather than snap when broken. The fats in cocoa butter can crystallize in six different forms (crystallization). The uniform sheen and crisp bite of properly processed chocolate are the results of consistent tempering process. The primary purpose of tempering is to assure that only the best product is present3.

Shaping
Chocolate is molded in different shapes for different uses.

Storage
Chocolate is sensitive to temperature and humidity. The ideal storage temperatures are between 15°C to 17 °C. 

Impact of tempering:
As a solid piece of chocolate, the cocoa butter fat particles are in a crystalline rigid structure that gives the chocolate its solid appearance. Once heated, the crystals of the polymorphic cocoa butter can break apart and allow the chocolate to obtain a more fluid consistency as the temperature increases. When the heat is removed, the cocoa butter crystals become rigid again and come closer together, allowing the chocolate to solidify. The temperature in which the crystals obtain enough energy to break apart depends on the shape of the fat molecules. Chocolate with a higher fat content will melt at a lower temperature. Generally, the chocolate is first heated to 45 °C to melt all six forms of crystals. Next, the chocolate is cooled to about 27 °C, which will allow crystal types IV and V to form. At this temperature, the chocolate creates many small crystals which will serve as nuclei to create small crystals in the chocolate. The chocolate is then heated to about 31 °C to eliminate any type IV crystals, leaving just type V. 
Making a quality chocolate is through forming as many type V crystals as possible. This provides the best appearance and texture and creates the most stable crystals, so the texture and appearance will not degrade over time. To accomplish this, the temperature is carefully manipulated during the crystallization. After this point, any excessive heating of the chocolate will destroy the temper and this process will have to be repeated. Other methods of chocolate tempering are used as well. The most common variant is introducing already tempered chocolate4.

Importance of Tempering in chocolate making:
For a chocolate to be considered perfect, it must be made from cocoa butter . Cocoa butter makes the chocolate rich and creamy in texture. Chocolate liquor, the paste that comes from grinding the roasted cocoa beans, contains about 53-60% cocoa butter. If the chocolate is un-tempered, the cocoa butter would break up and appear as white spots on the chocolate's surface, a condition called blooming. Cocoa butter is made up of several fatty acids that have different melting and solidifying temperatures. When melting chocolate, the fat crystals in cocoa butter separate. The objective of chocolate tempering is to stabilize the fat crystals and bind them tightly together to avoid blooming, a dull appearance or a crumbly texture5.

Blooming:
Chocolate bloom is the whitish coating that can appear on the surface of chocolate. This can occur by two ways: 
Fat bloom, caused by changes in the fat crystals in the chocolate.
Sugar bloom, due to crystals formed by the action of moisture on the sugar5. 
Fat and sugar bloom damage the appearance and taste of the chocolate to eat. Chocolate bloom can be repaired by tempering process. The main thing manufacturers can do to prevent bloom is to ensure that the chocolates are well tempered as possible. Some chocolatiers also add cocoa butter equivalents and additives to help hinder bloom formation6.
Impact of tempering on taste:
The taste of the chocolate will be off. It might taste greasy instead of rich and smooth. The size of the crystals determines the amount of energy that has to be put in to break it down and therefore how quickly the chocolate’s flavour will be released while eating. It sits there a moment and as it heats in the mouth the crystalline structure breaks down, then the flavour will start to slowly release. The flavour of chocolate will then develop slowly in the mouth7. 
Impact of tempering on Appearance and Texture:
If tempering is not appropriate, the product will end up in dull and streaky in appearance and texture. The cocoa butter crystals are small enough to slide over each other, making way for a sleek and easy consistency similar to vegetable oil. However, if these cocoa butter crystals stay in their solid state, they will be too large to move past each other, and resistance within the mixture will increase. This increases the viscosity of the molten chocolate until it becomes too hard to use or breaks as you try to make your confections.
Over-tempering caused significant increases in product hardness, stickiness with reduced gloss and darkening of product surfaces. Under-tempering induced fat bloom in products with consequential quality defects on texture, colour and surface gloss8.
Un-tempered Chocolate 

· Easily blooms and is prone to white streaks, spots and marks.
· Has a dull surface.
· Has a dry, crumbly mouthfeel.
· Breaks apart easily without any snap (it can bend or crumble in your hands instead).
· Very difficult to remove from a chocolate mold, because it gets stuck or breaks.
· Melts too easily and quickly.

Tempered Chocolate

· Shiny and a glossy surface.
· Has a smooth and creamy mouthfeel.
· A satisfying snap when you break off a piece.
· Should easily pop out of a chocolate mold when turned upside down and given a slight tap.
· Stays solid in warmer temperatures.

How to Temper Chocolate:
There are three ways to temper: the hard way, the easy way, and the no-sweat way.
The hard way is the handmade process. The chocolate is first melted free of lumps, starting by folding repeatedly on a slab until it thickens and reaches a temperature of about 27°C. The chocolate is added to the rest of the melted ones with constant stirring, until the whole melted chocolate reaches certain temperature.
The easy way to temper chocolate is by a method called seeding, where already-tempered chocolate is added for free-moving fat crystals to trigger crystallization.
The no-sweat way of tempering is by chocolate tempering machines. Tempering machines with computer controls can be used for producing consistently tempered chocolate. The tempering machines are been used in large volumes. In general, molten chocolate coming in at 40–50 °C is cooled in heat exchangers to crystallization temperature of about 26–30 °C, passed through a tempering column consisting of spinning plates to induce shear, then warmed slightly to re-melt undesirable crystal formations9. 



Rules for making the Tempering process: 
1. Use good quality chocolate that contains cocoa butter.
2. Make sure the utensils are dry and free of any moisture or grease.
3. Melt the chocolate slowly and over a double boiler.
4. Remove it once when no more chunks and stir until completely to smooth texture.
5. Test its temperature to decide if it needs to be tempered or not.
6. Once tempered, allow the melted chocolate to cool down until it returns to room temperature before using it in recipes.
7. Store the chocolates in an airtight container at room temperature away from sunlight.
8. Don’t place plastic wrappers directly on top of the chocolate which leads to condensation that will affect its taste and texture.
9. If accidentally the chocolate is overheated, it is best to use it as an ingredient in another recipe. It will take too much time and effort to try to re-temper this chocolate.

Conclusion:
Chocolate is one of the most popular food types and flavors in the world. So as to get a perfect chocolate the process of tempering has to be done in order to obtain the perfect taste, appearance and texture. The right tempering will give the chocolate its proper sheen and crisp finish. Even perfectly tempered chocolate can become untempered again. This usually happens when you leave your chocolate at the wrong temperature for too long. The good news is, chocolate can be re-tempered again and again. Keep in mind that chocolates are even trickier to work with due to their higher fat content and sensitivity towards temperature changes. To put it simply, all this process does is give your chocolate the right consistency and texture, which allows you to use it for making molded chocolates or decorating. If done correctly, tempered chocolate will have a nice sheen to it with no streaks or lines anywhere on its surface. Chocolate enthusiasts and professionals are getting themselves chocolate tempering machines so they can focus more on the craft of chocolate making rather than on the labor of chocolate tempering10.
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