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Abstract: Tea foods, especially tea bakery foods, play an important role in bridging the gap between supply and
demand of tea industry. This paper reviews the processing technology of tea bakery foods which include tea
breads, tea cakes, and tea biscuits during the past thirty years. It also points to the fact that there are no uniform
quality evaluation methods for tea bakery foods. Effect of the chemical composition of tea on the quality of bake-
ry food is discussed. According to differences in texture, chemical composition, and biological activity of functio-
nal components, different ingredients and their ratios should be adjusted to obtain high-quality tea bakery foods.
To effectively preserve the special tea flavour, biological activities of tea components should be retained as much
as possible. Tea baked foods were mainly evaluated through senses. There were many differences in the sensory
evaluation indices, evaluation criteria, and the scores by different experts. Further, this paper provides a critical

outlook of the developments needed in processing technology and quality improvement of tea bakery foods.
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Tea bakery products are made using tea extract,
protein, sugar, flour, oil, eggs, milk, salt, yeast, baking
powder, fruits, and hydrocolloids. These new food
products not only provide nutrition but also serve to
combine food and tea flavours. Tea foods satisfy the
modern man’s pursuit of consuming diverse, individu-
alization, and fashionable food. It not only makes full
use of the rich tea resources, but also significantly
improves the added value of low value tea resources.
Research on tea food is an important area of deep
processing of tea leaves, which has significant eco-
nomic and social benefits. Statistics show that the cur-
rent mainstream products of tea-based food industry
are tea baked foods, tea candies, and dried fruit tea.
In recent years, there has been a growing consumer

interest in supplementary products containing tea ex-
tracts. Tea extract is added to a variety of food products
like bread (WANG et al. 2004), biscuits, dehydrated
apple (LAVELLI et al. 2010), and various meat products
(TANG et al. 2001; O’SULLIVAN et al. 2004; MITSUMOTO
et al. 2005), The market share of tea baked foods is
the largest share amongst all tea products, accounting
for about 68% of the tea market. Tea powder, tea juice,
or tea extract is mixed with cereal and then baked at
high temperature to obtain tea baked foods (AKHTAR
etal 2011).

Currently, tea baked food is becoming increasingly
popular, especially in China, mainly due to its special
flavour and taste as well as its unique health benefits.
The biological activity of tea phenolic compounds
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and their derivatives also promotes a protective effect
by antioxidant mechanisms in biological and food
systems, preventing the oxidative damage by acting
over either precursors or reactive species (MARCIA
etal. 2013, Josk et al. 2016, XU et al. 2018, ZHANG et
al. 2019). The number of consumers for tea baked
food is increasing and so is its market demand. Due to
arapid increase in the consumption of tea baked food,
the last decade has witnessed rapid developments
in tea baked food industry, leading to an escalation
in its production. The raw materials, baking formula,
and processing technology all have a significant im-
pact on the quality of tea bakery products. Studies on
processing technology as well as designing the recipe
of tea baked foods such as tea cake, tea bread, and tea
biscuit have progressed in the last thirty years. With
the fast growing popularity of this unique tea food,
itisimportant to comprehensively review the advances
made in this field. Therefore, the present paper at-
tempts to assess developments in the production of
tea baked food and describes the recipes of tea baked
food products. The effect of chemical components
in tea on the quality of tea bakery products has also
been discussed. The problems encountered during
baking concerning the quality of tea cakes and tea
biscuits are analysed.

Type of tea baked foods

Tea baked foods are special tea foods made by bak-
ing of tea extract with wheat flour or other grains as
raw materials. Baked goods form a very important
diet in many countries (MILANI et al. 2016; ELS et al.
2018). However, the proportion of tea baked foods in
the entire food category is still relatively low (Swieca
et al. 2013; GAWLIK et al. 2014). The varieties and
categories of baked goods have gradually increased
in recent years.

In addition to meeting the physiological needs, the
standards required for properties of raw material, nu-
tritional characteristics, health benefits, and safety in
baked foods are more and more stringent. Traditional
baked foods not only contain more fat and calories,
but also relatively lack in functionality (RIBOTTA et al.
2004; P1co et al. 2015). Traditionally baked foods fail
to fulfil the requirements for low-fat, low-calorie, and
health properties, particularly for obese people (Loos-
VELD et al. 2000; KIHLBERG et al. 2004). Components
of natural tea extracts have powerful antioxidant,
anti-obesity, anti-pancreatitis, anti-inflammatory,
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anti-bacterial, anti-viral, anti-aging, and anti-cancer
properties. They also promote blood circulation,
prevent Parkinson’s disease, etc. (LIMING et al. 2014;
WAHLUND et al. 1996). Tea baked foods not only com-
bine the traditional flavours of baked foods and tea
flavour along with tea functionality (T1AN et al. 2012),
but also satisfy people’s pursuit of diverse, functional,
and personalized modern food. The number and
types of tea, bread, and other baked food products are
higher in China compared to the United States and
Europe, and also the processing technology is rela-
tively more perfect. Based on processing technology,
tea baked foods can be categorized as tea breads, tea
cakes, and tea biscuits. Large-scale consumption of
baked foods worldwide is in the form of bread, whose
processing includes mixing, kneading, fermentation,
segmentation, integration, proofing, baking, cooling,
and packaging (XING et al. 2007). Bread is consumed
by people all around the world. Germany is the main
European market for bakery products, which has
25.96% of market share. Italy, France, Britain, and
other countries have the second largest market share.
Every country has its unique variety of bread.

Due to continuous improvements in processing by
the Chinese pastry makers from the early twentieth
century to the present, pastries with Chinese charac-
teristics began to emerge steadily (DEWETTINCK et al.
2008; DEcamps et al. 2013). China’s bread process-
ing technology has also reached an advanced level.
From the early twentieth century to date, bread with
Chinese characteristics has begun to emerge one after
the other. Developments in bread processing technol-
ogy have led to a variety of raw materials being used
and consequently a more diverse variety of breads
being made (HATHORN et al. 2008). At present, the
bread categories in the market mainly include staple
bread, fancy bread, conditioning bread, and Danish
butter bread (DOMENEK et al. 2003; RASIAH et al.
2005). Research on tea bread mainly focuses on the
processing technology of staple tea bread. However,
other types of tea breads are rarely involved. Addition
of tea powder, tea juice, or tea extract to the bread
followed by roasting gives special tea bread, with its
unique tea flavour (WANG et al. 2008; YANG et al.
2010). The technique of addition of tea extracts not
only enhances the nutritional value and health benefits
of bread (DILEK et al. 2007), but also extends the shelf
life of bread at room temperature.

Cake is an ancient Western dessert. When eggs,
sugar, low gluten flour, milk, vegetable oil, and bak-
ing powder are mixed together and baked, a rich
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cake with a soft texture is produced (SCHIRMER et al.
2012). The main types of cake are batter cake, milk
foam cake, and chiffon cake (BAIXAULI et al. 2008).
Tea cake research focuses on tea chiffon cake and tea
milk foam cake processing technology, but the tea bat-
ter cake processing technology is paid relatively less
attention. Tea emulsion cake is a unique type which
is made by adding tea powder, tea juice, or tea extract
and without adding any solid fat. The main categories
of tea lather cake include single-protein angel cake
and whole-egg sponge cake (MANISHA et al. 2012).
The basic ingredients of tea batter cake have high fat
contents (usually accounting for more than 50% of
the total flour), which are added with tea powder, tea
juice, or tea extract (SEYHUN et al. 2003). Chiffon cake
combines the characteristics of tea milk foam cake and
tea batter cake, which together change the texture of
the cake to a new category.

The wheat flour (or glutinous rice flour, starch,
etc.), sugar, salt, and fat are mixed, formed and baked
to obtain crispy biscuits. Biscuit categories include
crisp biscuits, tough biscuits, soda crackers, crack-
ers, cookies, sandwich biscuits, wafer biscuits, egg
biscuits, sticky biscuits, biscuits, etc. (D1 et al. 2008;
KULTHE et al.2017). Presently, the study of tea crack-
ers mainly focuses on the processing technologies of
tea cookies, tea crackers, tea tough biscuits, and tea
soda crackers (STEELE et al. 1999). Tea extract, wheat
flour, sugar, dairy products, loosening agent, and
other raw materials are mixed, squeezed, extruded,
section cut, and baked to obtain regular corrugated,
high fat tea cookies (ZHOU et al. 2008). Tea tough
biscuits have a smooth appearance, rough surface,
needle eye, cross-sectional level, and are tasty crispy
baked foods. They include milk cakes, vanilla cakes,
egg tarts, marijuana, Boston cakes, etc. (ZHOU et al.
2009). Tea soda crackers mainly include salted and
sweet fermented cakes (L1 et al. 2015). Tea crisp biscuits
are baked foods which have a porous cross-sectional
structure and include cream biscuits, onion biscuits,
sesame biscuits, meringue biscuits, etc.

Tea baked food formula

Tea bread processing formula. Tea ingredients used
in tea bread include tea powder, tea extract, and tea
juice, obtained from green tea, black tea, or Oolong tea.
SHAO et al. (2017) used Xinyang green tea powder in
bread processing and found that the optimum amount
of green tea powder was 3% of bread flour. The average

volume of green tea in staple food was 5.75 ml/g, with
sensory quality score of 98, moisture content of 32.7%,
tea polyphenol content of 0.38%, and acidity was 2.98.
The upper layer of green tea bread is complete, with
uniform colour, a little yellow-green tea, tight tissue,
resilient chew resistance, tea fragrance, and no tea
bitter taste.

Ordinary black tea powder is also used to process
hard black tea bread. The preferred amount of black
tea powder is 1%. The amount of black tea powder
has a significant impact on bread texture. The higher
the amount of black tea powder, the greater is its hard-
ness, adhesiveness, chewiness, rising, and the lesser is
its elasticity (2016). Ultra-green tea powder has also
been used for the processing of tea bread (Gu 2003).
The amount of tea powder has a greater impact on
bread quality. The greater amount of ultra-green tea
powder was added, the worse is the quality of bread. The
quality of tea bread with 3% of ultra-green tea powder
was found to be better, as it could increase the water
holding capacity of the bread, maintain freshness, and
delay aging. The tea bread with ultra-green tea powder
is yellow-green, soft, with green tea fragrance and is
bouncy (YANG et al. 2008).

In summary, the addition of tea powder signifi-
cantly improves the bread quality and boosts health,
especially for the type and amount of tea. However,
the standards of sensory quality evaluation adopted
by different experts are inconsistent. It is difficult
to virtually compare them under the same condi-
tions. Currently, the quality evaluation of tea bread
is mainly based on sensory evaluation which uses
different sensory evaluation parameters and weights.
Therefore, it is difficult to objectively evaluate which
method is better and which is more reasonable. The
standardization of tea processing technology, sensory
evaluation standards, and other aspects of research
need to be further improved.

Tea extract is a solid substance which is different
from tea powder. It is obtained after hot water extrac-
tion, filtration and drying of green tea, black tea or
oolong tea. The formula and quality of tea bread using
tea extract as raw ingredient are different from those
obtained using tea powder as raw material. The qualities
of tea bread obtained using tea powder and tea extract
were compared by Wen Haitao (WEN et al. 2005). Al-
though the addition of superfine tea powder to bread
gave unique tea flavour, some sensory qualities like
texture and taste were not ideal yet. The texture was
relatively hard and the taste was poor. The reason for
this was that the particle size of ultrafine tea powder
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did not match the particle size of flour, and this was
not conducive for the formation of gluten. In contrast
to this, the quality of bread processed with tea ex-
tract was better (DUAN et al. 2016). Moreover, it had
a better effect on the inhibition of microorganisms
than tea bread with ultra-fine tea powder. The tea
bread with green tea extract also had a better inhibi-
tory effect than the tea bread prepared from oolong
tea extract and pu'er tea extract. According to Zou
(2016), the addition of 0-2% green tea extract to bread
had no significant effect on gas production capacity
of yeast and specific volume of bread. Addition of green
tea extract provided better water retention capacity
than the control. Otherwise, when pu’er tea extract
was added to make bread, the quality of bread was
significantly improved (S1 et al. 2011), and the reten-
tion rate of thearubigins in bread after baking was
more than 60%, which indicated that a lesser amount
of thearubigins was lost during bread baking.

Juices of green tea, oolong tea, and black tea, which
were different from their powders and extracts, were
obtained by hot water extraction. Using Guangxi Liubao
tea in the recipe, which included 60.0% Six Forts tea
juice, 1.2% active dry yeast, 12.0% white sugar, 25.0%
whole wheat flour, 1.8% salt, and 6.0% butter, tea juice
bread was prepared. The quality of this bread was
also judged by sensory evaluation methods (XIE et al.
2016). The order in which each ingredient had an
effect on the quality of tea juice bread was Liubao
tea juice > active dry yeast > white sugar > whole
wheat flour > butter > salt. Organic tea juice or other
ordinary tea juice, rich in zinc and selenium, could
also be used as raw ingredient for tea juice bread
(CHEN et al. 1999; REN et al. 2009). The ingredients
include flour 700 g, tea juice 70 g, sugar 70 g, salt
20 g, water 1050 g, margarine 50 g, skim milk 40 g,
yeast nutrient solution 15 g, and yeast 25 g.

The above discussion shows that different experts have
made certain contributions to formulating tea bread
using different varieties of tea powders, tea extracts,
and tea juices. However, due to the lack of uniform
standard sensory evaluation parameters, it is so dif-
ficult to evaluate the quality of tea bread, processed
by different experts. Moreover, the role and effects
of tea powder, tea extract, the active ingredients and
composition of tea juice, the added amounts of dif-
ferent tea materials on the quality of tea bread are
not clear yet. The changes and role of polyphenols,
catechins, theanine, caffeine, anthocyanins, theaflavins,
thearubigin, and polysaccharides in tea during the
processing of tea bread are not clear either. There-
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fore, more efforts are required to obtain an in-depth
understanding of their roles.

Formula for tea biscuit processing. At present,
formulae for most of the tea biscuits are available
with main focus on tea cookies, tea crisp biscuits,
tea tough biscuits, tea soda crackers, which mostly
use ultra-fine tea powder as the raw ingredient. Tea
tough biscuits are crispy, tasty tea baked foods, which
mainly use ordinary green and ultra-green tea powders
as raw materials. Gradient test and their own sensory
criteria were used to evaluate high quality green tea
tough biscuits (PAN 2013; WANG et al. 2017). They
used the following formula: 30.4% white sugar, 12.0%
soybean oil, 5.2% super green tea powder, 0.8% sodium
bicarbonate, and 0.8% ammonium bicarbonate. Other
experts on tea tough biscuits had different opinions
and they considered that the optimum amount of
ultrafine tea powder should be 3% (Sut et al. 2012;
PAN et al. 2013).

Cookie is a very popular baked food which has a deli-
cate appearance and is crispy. However, it has higher
fat and sugar contents and oily texture. Since tea is rich
in cellulose and polyphenols, it can effectively improve
the greasy characteristics of cookies. Current literature
study shows that cookies mainly include instant milk tea
and green tea powder. The formula for the preparation
of milk tea cookies includes 25.0 g instant tea powder,
100.0 g low-gluten flour, 35.0 g sugar, 20.0 g eggs, and
55.0 g butter (Bao et al. 2014). The formula for green tea
cookies includes 1.0% ultra-green tea powder, 26.0% to
31.5% wet gluten, 20% soft white sugar, and 20% shorten-
ing agent (ZHANG et al. 2009; L1 et al. 2014). The formula
for corn green tea cookies includes 77.0 g low-gluten
flour, 20.0 g corn flour, 3.0 g tea powder, 50.0 g sugar,
60.0 g butter, and 15.0 g eggs (WANG et al. 2013). The
formula for black tea cookies includes 3.0 g ultra-black
tea powder, 100.0 g flour, 100.0 g butter, 40.0 g sugar,
20.0 g eggs, 8.0 g milk, and 6.0 g custard powder (WEN
et al. 2013). The tea biscuits prepared by all above for-
mulas have not been evaluated by standardized quality
tests. The sensory evaluation parameters and weights
are so different that it is difficult to determine exactly
which formula gives better quality of tea biscuits.

Tea soda crackers are of the cross-section structure,
taste loose baked foods. There are many varieties of
tea soda crackers, such as tea butter biscuits, tea onion
biscuits, tea sesame biscuits, tea meringue cookies,
etc. The formula for the preparation of matcha whole
meal cookies includes 3.0 g green tea powder, 125.0 g
whole wheat flour, 0.5 g salt, 40.0 g sugar, 1.45 g soda,
and 55.0 g water (YAo et al. 2011; ZHENG et al. 2013).
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The formula for black tea salt cookies includes 45.0
g black tea soup, 180.0 g low-gluten flour, 2.0 g salt,
1.5 g baking powder, and 30.0 g eggs (XIE et al. 2015).
The methods for evaluating the quality of above tea
soda crackers are not uniform, all using their indi-
vidual sensory evaluation parameters, which makes
it difficult to compare their qualities.

In summary, ultra-fine tea and matcha tea were
used more for the preparation of tea cookies, tea crisp
biscuits, tea tough biscuits, and tea soda crackers. In
contrast, instant tea and tea juices were used less in
the preparation of tea biscuits. At present, sensory
evaluation standards and processing technology stand-
ards for tea biscuits are still relatively missing. The
changes in composition and role of main chemical
components of tea in biscuit processing still need
a further study. It is a very interesting research topic
and its intensive study is worthwhile.

Tea cake processing formula. There has been much
progress in tea cakes during the past thirty years.
However, the questions arising and shortcomings in
tea cake research are similar to those of tea biscuits
and tea breads. The unique and relatively uniform
standards of sensory evaluation and tea cake process-
ing technology standards are still absent.

At present, most of the raw ingredients for tea cake
processing are ultra-fine tea powder and matcha. The
formulae for tea cake, the variety and amount of ultra-
fine tea powder required are all different in literature
(Cao et al. 2012; WANG et al. 2015). The formula
for ultra-fine green tea cake includes 6.0 g ultra-fine
green tea powder, 180.0 g eggs, 100.0 g sucrose, 15.0 g
vegetable oil, 2.5 g cake foaming agent, and 100.0 g low-
gluten flour (YANG et al. 2006). Addition of ultra-fine
tea powder has little effect on the specific volume of tea
cake, but it has some influence on the core structure,
taste, and appearance of tea cake (SONG et al. 2005).
In addition to ultra-fine green tea powder the black
tea, oolong tea, jasmine tea, and rose tea powders can
also be used to make tea cake (JIN 1999; WANG 2004;).
The optimum dosages of black tea, green tea, jasmine
tea, and rose tea powders were found to be 0.855%,
0.4022%, 0.864%, 0.7978%, respectively. The quality
of tea cake processed with jasmine tea powder was
better, which could prolong the shelf life of cake and
increase its nutritional value (WANG et al. 2011). The
formula for phoenix oolong tea health cake includes
2.0 g phoenix oolong tea powder, 50.0 g flour, 50.0
g eggs, and 3.0 g soda powder (HUANG et al. 2011).

Researches on matcha tea cake formulation focused
more on the ratio of matcha tea to other ingredients.

The formula for high-fibre and low-sugar pumpkin
matcha cake was 3.0 g matcha tea, 100.0 g cake
powder, 10.0 g soy dietary fibre, 10.0 g Yuanzhen
sugar, 33.0 g eggs, 5.0 g cake oil, 4.0 g baking pow-
der, and 12.0 g pumpkin powder (L12015; MA et al.
2016). The quantity of matcha powder should not
be too high; otherwise it affects the taste, colour,
and texture of the cake. The formula for tasty tartar
matcha tea cake includes 1.2 g matcha tea powder,
42.0 geggs, 10.0 g flour, 15.0 g sugar, tartar powder,
3.0 g starch, and 5.0 g oil (L1 et al. 2014). However,
other references show that the amount of matcha tea
powder should be 2.0 g (Su et al. 2014), 0.45 g (REN
etal.2014), or 4.0 g (WAN et al.2011). In summary,
the amount of green tea powder added is less than
5.0 g, whereas the proportions of flour, eggs, sugar,
water, baking powder, and other ingredients vary.
Moreover, the sensory evaluation standards for
tea cakes are also different, and so it is difficult to
analyse and compare the pros and cons of the tea
cake recipes (Xu 2015; Xu et al. 2015).

In addition, tea polyphenols or tea juice can also serve
as an ingredient for tea cake. To prepare tea polyphenol
brown rice sponge cake, 0.8 g of tea polyphenol was added
to a composition of 20 g cake powder, 80.0 g sugar, 40.0 g
milk, 18.0 g eggs, and 10.0 g oil. This cake had golden
yellow appearance, normal uplift, and high nutritional
value, baked rice flavour, good chewiness, refreshing
taste, and good flexibility (TAN 2008; TAN et al. 2008).

Processing technology of tea bakery foods

Fermentation technology. Fermentation is one of
the key processes for tea bakery products such as tea
breads, tea biscuits, and tea cakes. The current research
focuses on proofing time and fermentation time. Ac-
cording to Liu Mingming (L1u 2016), proofing time
and fermentation time had a greater impact on the
fermentation of black bread. When the bread proof-
ing time reached 50 min and the fermentation time
reached 100 min, the effect on bread fermentation
was best. The preferred fermentation time for green
tea bread was 30 min, with the best proofing time of
preferably 120 minutes. The optimum fermentation
time for oolong tea bread was 60 min along with the
best proofing time of 150 minutes. Fermentation time
of 30 min was better for pu’er tea bread which also
had the best proofing time of 120 min (WEN 2005).
Adopting the above technical parameters gave tea
bread good appearance and flavour.
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Baking process technology. When baked at an
insufficiently lower temperature for a shorter time,
the tea bread is not properly baked, especially the core.
However, when the tea bread is baked for a long time at
alow temperature, although the tea bread matures, its
texture still remains dry and tastes poor. When the tea
bread is baked at a higher than normal temperature for
a shorter baking time, it gives good surface colour to
the bread, but the core remains immature. If the baking
time of tea bread is extended, it causes cracking of the
product and appearance of a paste on the outer crust,
and so on. The effect of baking temperature of tea bread
on the sensory attributes has shown the optimum baking
temperature of bottom flame to be 180°C, temperature
of surface flame to be 190°C, and the optimized baking
time to be 14 minutes.

The quality of tea biscuits is mainly affected by
baking temperature, baking time, and biscuit thick-
ness. When the temperature on the biscuit surface
reached 180-200°C, the temperature on the biscuit
bottom reached 160-170°C, and the baking time was
8 min, the sensory quality of green tea tough cookies
was better (PAN 2013; WaNG 2017). Moreover, for
tea cookies, the optimum temperature on the surface
was 180-190°C, the temperature on the bottom of
the cookies was 160—170°C, and the baking time was
15-18 min (Bao et al. 2014; L1 et al. 2014). However,
for matcha crisp cookies, the optimum temperature
on the surface of tea cookies was 185°C, the tempera-
ture on the bottom of tea cookies was 190°C, and the
baking time was 6 minutes.

The technical parameters for baking of tea cake
are different from those for tea biscuits and tea
cake. Baking temperature and time directly affect
the colour, smell, taste, and shape of tea cake. When
the temperature of tea cake surface was 160-180°C,
the temperature on the bottom of tea cake was
170-200°C, and the baking time was 13—35 min (CA0
etal.2012; WANG et al. 2015). The sensory attributes
of tea cake were better, such as smooth surface, pure
fragrance, loose taste, and good aroma. Moreover,
the same precise surface and bottom temperatures
of tea cake can also make tea cakes with appealing
sensory attributes. Response surface methodology
was used to evaluate the optimized parameters of
baking temperature and time for matcha cake (Cao
et al. 2012). Results showed that the optimized baking
temperature and bottom temperature were 183.7°C,
and the optimized baking time was 16.7 min, which
produced the matcha cake with hardness of 188.44 HB,
and elasticity of 0.92.
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Effect of composition on quality
of tea bakery products

Mechanism of binding of tea chemical components
with grain protein. Tea polyphenols, which include
flavanols (catechins), anthocyanins and phenolic acids,
constitute a major class of tea compounds, accounting
for 18—36% of the total dry matter. Most of these sub-
stances have a special structure containing a number
of phenols which are easily adsorbed and complexes
with a variety of chemical components of tea (CHENG
et al. 2011). The binding and precipitation of tea poly-
phenols and protein are responsible for the bactericidal
and antiviral activities of tea polyphenols (KUANG et al.
2002). Moreover, the astringent taste is developed due
to the binding of tea polyphenols with the protein in the
epithelium of the oral mucosa. Early studies suggest that
polyphenols were bound to proteins through hydrogen
bonds (HUANG et al. 1996). There were multiple points
of linking between the large number of phenolic hydroxyl
groups of polyphenols with the hydroxyl, amino, and car-
boxyl groups of the protein side chain (TAN et al. 2006).
However, in-depth studies have shown that although
polyphenols had the ability to bind to proteins, their
binding was selective, which was mainly reflected by
their differences in affinity between different polyphenols
for different proteins (ZHU et al. 2016). Relatively high
molecular mass, loose open structure, higher content
of proline or other hydrophobic amino acids in the
protein increased its affinity with polyphenols, which
was different from the traditional hydrogen bonding of
polyphenol-protein (ASQUIHT & BUTLER et al. 1986).
Glycine, alanine, leucine, and proline are hydrophobic
and have better binding ability with polyphenols (Fu
et al. 2016).

In previous studies, the theory of hydrogen bonding
of polyhydric hydrophobic groups in the polyphenol-
protein reaction was explained by HASLMA et al. (1989).
The “hand-glove” model was used to illustrate this
theory. Concentration of hydrophobic groups in protein
molecules constituted a “hydrophobic bag” Polyphe-
nol molecules entered the “hydrophobic pocket” and
formed strong hydrogen bonds. Polyphenols with the
relative molecular mass greater than 500 Daltons are
more likely to bind strongly to protein. The higher
the number of phenolic hydroxyl and hydrophobic
groups, the greater the flexibility of the molecule,
the higher is its water solubility, and the stronger is
its binding ability to protein.

Relationship between complexation and flavour
of tea bakery foods. The major constituents of wheat
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protein are globulin, gliadin, and glutenin. Sulphur
bonding and polar amino acids, which provide elas-
ticity to dough, mainly determine the dough strength
(ORTH et al. 1972). After complexation of globulin,
gliadin, and glutenin with tea polyphenols, some of the
monomeric tea catechins disappear. The complexa-
tion between tea polyphenols and saline and gliadin
results in precipitation. However, there is no precipitate
formed after the action of tea polyphenols with acid
soluble proteins. Saltwater and prolamins in wheat
proteins have lower molecular weights, while acid
soluble protein is a macromolecular polymer. Due to
soluble salts and low molecular weight prolamins in
wheat proteins, tea polyphenols can rapidly combine
with salts and prolamins to form precipitates (KUANG
etal. 2002; J1a et al. 2004). However, tea polyphenols
with partially large molecular weights can solubilize
proteins, and there is no visible precipitate.

With the tea leaf polyphenol concentration of
0.02 mg/ml, the rate of gliadin deposition was maxi-
mal. At this time, the reduction of EGCG (epigallo-
catechin gallate), GCG (gallocatechin gallate), EGC
(epigallocatechin), and ECG (epicatechin gallate)
contents was 98.80%, 97.82%, 95.67%, and 93.53%,
respectively, whereas the reduction of DL-C and EC
contents was only 69.69% and 61.22%, respectively
(WEN et al. 2005). This suggested that complexes
were formed between the phenolic hydroxyl and gallic
acid groups of catechin monomer with protein. When
the concentration of tea polyphenols in large-leaf
tea reached 0.03 mg/ml, the precipitation rate of tea
polyphenols due to complexation with saline and
gliadin was the highest. In addition, tea polyphenols
have more bitter astringent taste. However, when
a high concentration of tea polyphenols was added to
bread, the tea bread did not have the bitter astringent
taste, which could also be attributed to the complex
formation between protein and catechins.

After the combination of tea polyphenols with
bromelain, there were no changes in the isoelectric
point of bromelain, optimum pH value, and opti-
mum temperature. However, the affinity of bromelain
for the substrate decreased, along with significant
improvement in the stability of bromelain (Huang
et al. 1996). When 0.25% (w/v) green tea polyphenol
was added to 1.0% (w/v) egg, the foaming ability and
foam stability of egg protein increased by 45 times.
Moreover, addition of tea polyphenols improved the
gel strength and gel temperature of egg protein. The
combination of tea polyphenols with wheat protein
helped to improve some of the characteristics of wheat

protein, which was conducive to the formation of
loose bread structure and for increasing the volume
(WEIGUO et al. 2007). Black tea pigment can not
only significantly increase gelatinization viscosity,
consistency index of the flow curve, storage modulus,
and loss modulus (ZHU et al. 2016), but also it can
significantly improve the hardness and chewiness of
tea whole wheat bread (NING et al. 2017).

EGCG could significantly reduce acrylamide for-
mation by 37% and moisture content of bread by 6%
(ZHENG et al. 2013). The bread texture attributes were
not affected. However, the brightness and yellowness
of the tea bread surface were enhanced, whereas the
redness, size, and porosity of the tea bread were sig-
nificantly reduced. According to WANG et al. (2008),
during the baking of tea bread, thermal degradation
and epimerization of EGCG occurred simultaneously.
The detailed mechanism was unclear and needs to be
probed further.

Microcapsule technology was used to improve the
stability of functional ingredients of tea, which were
used to prepare high-quality tea baked foods. Under
microencapsulation conditions of 180°C and 12 min,
catechins could be effectively stabilized, and tea bis-
cuits with good sensory quality could be obtained
(LAURA et al. 2017; AwA et al. 2018).

Summary

In the tea baking process, choice of raw materi-
als, formulation, fermentation process, and baking
process are all very important factors. The tea bak-
ery food ingredients and processing methods were
compared (Table 1). The consumption ratio and per
capita consumption of different kinds of tea bakery
foods in China were also compared (Figures 1 and 2).
Due to differences in physicochemical properties of
tea powder, tea juice, tea extract, their requirements
in tea bakery foods are also different. Depending
on the differences in texture characteristics, chemi-
cal characteristics, and biological activities of vari-
ous functional components, different ingredients at
appropriate ratios should be added so as to obtain
high-quality tea bakery foods. In order to effectively
preserve the special flavour of tea, biological activity
of tea, the functional components should be retained
as much as possible. There are more than 1000 kinds
of volatile and non-volatile heat-sensitive substances
in tea which include tea polyphenols, catechins, tea
polysaccharides, theaflavins, theanine, chlorophyll,
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Table 1. Comparison of tea bakery food ingredients and processing methods

Bakery SPec1es.of tea . Teé_l .Amou‘nt of tea Other ingredients Processing methods
food types ingredients ingredients ingredients (%)
green tea, black tea,  superfine
oolong tea, puer tea owder 0.1-3.0
gtea, p p bread flour, yeast, stir » fermentation -
Tea green tea, tea sugar, shortening, salt, split - rolling - plastic »
, 0.1-2.0 . . . .
bread puler tea extract milk, eggs, vegetable oil, baking - cooling -
green tea, liquid 8.0-60.0 milk powder, modifier packaging
puler tea tea juice ’ ’
green tea, superfine 1.0-5.0
black tea powder R flour, sugar, mixing the powder -
Tea ¢ vegetable oil, butter, allocate -» fermentation -
S green tea ea 3.0-10.0 sodium bicarbonate, rolling -» moulding -
biscuit extract : .
custard powder, roasting - cooling -
green tea, liquid 50-18.0 margarine packing
black tea tea juice ’ ’
green tea, black tea,  superfine 0.1-95.0 flour, eggs, sugar, milk, o
oolong tea, puer tea powder ’ ’ honey, vegetable oil, beat - mixing >
, fermentation - injection -
Tea tea cake oil, salt, . .
green tea 0.5-0.8 . moulding - plastic -
bread extract pumpkin paste, .
baking powder, roasting - release -
green tea, liquid ’ ackagin
black tea tea juice 1.0-10.0 tartar powder, starch P &ne

aromatic substances, etc. Many changes in struc-
tures and activities of these substances occur during
the fermentation and baking of tea bakery foods.
However, studies on the pathways and mechanisms
of these substances are still relatively less frequent.
The effects and the role of these substances on the
quality and function of tea bakery foods also require
further in-depth research.

At present, the evaluation of tea baked foods is mainly
based on sensory evaluation methods (SONG et al.

0.6

0.5

Tea Biscuit

26.2 %
Tea Bread

413 %

Tea Cake

32.5%

Per capita consumption (kg)

Figure 1. Consumption ratio of different
kinds of tea bakery foods in China
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2005; YANG et al. 2006; TAN et al. 2008; WAN et al.
2011; Cao etal. 2012; L1 et al. 2014; REN et al. 2014;
Xuetal.2015; L1u. 2016; WANG et al. 2017; ELs et al.
2018). There are huge differences in the sensory evalu-
ation indices, evaluation criteria, and in the scores by
different experts (HUANG et al. 2012). The underlying
reason is that there are no standards as yet for the
sensory evaluation of tea baked foods such as tea cakes,
tea crackers, and tea. It is very difficult to draw a clear
distinction between advantages and disadvantages

M Tea Bread
M Tea Cake
Tea Biscuit

0.4
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2013 2014 2015
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Figure 2. Per capita consumption of tea bakery foods in China
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of sensory evaluation methods for tea bakery foods in
current literature. In many cases, the sensory scores
are so discrete that it is difficult to obtain consistent
results (LEE et al. 2016; TSATSARAGKOU et al. 2016).
Fortunately, statistics and computational chemistry
may be used to objectively evaluate the colour, smell,
taste and shape of tea baked foods, which can reduce
the impact of human factors on the quality evaluation
of tea baked food by the fuzzy information from quan-
titative evaluation. Fuzzy mathematics was employed
to evaluate the sensory quality of tea soda crackers
using the Design Expert software (StateEase, USA).
The results of fuzzy mathematical evaluation and
sensory evaluation of tea soda crackers were similar.

In addition, in order to reduce subjective errors in the
sensory evaluation of tea baked foods, it is necessary to
employ advanced techniques such as electronic tongue,
electronic nose, and colour difference meter (HUANG
etal.2012). Based on the data analysis of taste, aroma,
appearance, and colour of tea baked foods, the opti-
mization of processing technology of tea baked foods
and the quality of tea baked foods can be improved
more precisely. The performance of tea baked foods
industry may also be improved successfully.
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