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With the improvement of living standards, consumers’ demand for wheat food is gradually diversified. Biscuit, as a kind of
convenience food, becomes a consumer’s leisure snack due to its characteristics such as low processing cost, easy-to-carry and
convenient-to-eat traits, long shelf life, diverse varieties, and rich tastes, which have attracted more and more people. Biscuits are
composed of four main ingredients, which are flour, fat/oil, sugar, and water, whereas several secondary ingredients also are
important sources of high molecular carbohydrates, plant proteins, vitamins, and minerals for human beings. In this study, we
systematically summarized the related research of biscuits, including the main types of China’s biscuits, the market demands, and
statistics of wheat planting, production, and import in recent ten years, as well as the research of soft wheat breeding for biscuit.
/e flour consumption of biscuit industry has been maintained at more than 4 million tons, accounting for more than 30% of the
flour consumption in food industry./e planting area of wheat in China has stabilized around 22.8 million hectares in 2010–2020,
while the yield of wheat has increased 18.0% (20.86 million t) due to the increase of yield per unit of wheat. China’s total annual
pastry import bill increased 5 times and the gap between import and export bill of pastry has been increased more than 7 times
from 2010 to 2020, suggesting the strong demand of the national pastry market. /is research also provides a direction for the
future breeding of special soft wheat for biscuits in China.

1. Introduction

/e developed navigation industry in the 19th century made
Europeans accustomed to carry one kind of food that was
low in moisture and easy to store and could fight hunger, so
biscuit, a simple food made of flour and water, was born./e
word “biscuit” comes from the Latin word “Panis biscotus”
meaning twice-cooked bread usually made for sailors and is
named “marine biscuit.” /e biscuits were defined as “hard
dry bread that transported to sea” by Dr. Samuel Johnson.
/e British were the first to make this kind of biscuit, in-
cluding crackers, cookies, and wafers [1].

Biscuit is a kind of convenience food, which belongs to the
category of baked food. Biscuit is a crisp food with less than

6% moisture content, which is made by main raw material
weak gluten wheat flour with other auxiliary materials such as
sugar (or without), oil, and other excipients through flour
blending, molding, baking, and other processes. Due to its
mature production technology, variety, and rich taste, biscuits
can meet the needs of different consumers compared with
other kinds of ready-to-eat snacks. Biscuit has attracted a wide
consumption base due to its characteristics such as low
processing cost, easy-to-carry and convenient-to-eat, and
long shelf life [2, 3]. /e good eating quality has led to the
development of new type of biscuits of different categories
and improved nutrition. Biscuits turn flour, fat, and sugar into
nutritious and energy-rich snack foods that people accept at a
low-cost way. It has become a new trend in the biscuit
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industry to study compound flour baked cookies rich in
special ingredients or to develop fortified biscuits. Biscuit can
be used as strategic reserves in emergency situations such as
food planning, earthquake resistance, and disaster prevention
due to its good nutrition and storage characteristics.

Since the reform and opening up of China, people’s living
standards have been gradually improved with the development
of economy and the influx of western technology and culture.
As a classification of baked goods, biscuits began to develop
rapidly. A large number of small enterprises with backward
productivity go bankrupt or have beenmerged by big ones with
the development of production technology. Likewise, the
biscuit industry continues to merge into large-scale production
with a healthily and orderly developed biscuit market [4]. /e
annual per capita consumption of biscuits in the United States,
Britain, and western European countries is more than 10kg,
while in southeast Asian countries or regions, such as Singa-
pore, Hong Kong, /ailand, and Indonesia, that is more than
4.25 kg. /e annual per capita biscuit consumption of Japan
and China is estimated at 7.5 kg and <2 kg, respectively [5].
/erefore, China’s biscuit industry and market has strong
potential.With the continuous growth of China’s economy and
the improvement of people’s living standards, the biscuit
manufacturing industry has developed from labor-intensive
handicraft industry to technology-intensive industrial pro-
duction, and biscuits have also developed from hunger-fighting
snacks to leisure, nutrition, and health care food. A variety of
biscuit products with rich nutritional value are constantly
introduced to the market, showing the new vitality in the
biscuit market. /is study summarizes the related research of
China’s biscuits in the aspects of raw materials, types, pro-
duction technology, domestic biscuit demand, and special
wheat breeding for biscuits.

2. Biscuit Ingredients and Their Influence on
Biscuit Texture

Biscuits consist of main and secondary ingredients. Among
them, flour, fat/oil, sugar, and water are the basic main
ingredients, whereas salt, egg, emulsifier, starter (sodium
bicarbonate, ammonium bicarbonate), milk powder, and
seasoning spices are optional secondary ingredients [6]. /e
main ingredients of different biscuits vary a lot, and
according to their characteristics, there are different special
secondary ingredients. /erefore, it is difficult to compare
the use of each ingredient; here we mainly describe the role
of the most commonly used ingredients in biscuit pro-
duction. Wheat flour dough is a complex and heterogeneous
system consisting of three main components: flour, sugar,
and fat. Each of these ingredients plays a different role,
contributing to its taste, texture, color, and flavor. /e type
and proportion of ingredients affect the quality of the final
product.

2.1. Flour. Flour is one of the main raw materials of bread,
cakes, biscuits, and other baking products. It is mainly
composed of starch, protein, and water. Unlike protein,
starch does not form a large network of gluten in biscuit

dough, but acts as the main filler in the dough. Soft wheat
flour with low protein content (8–11%) is considered to be
an ideal flour for making biscuits because gluten forms a
smaller network structure [7]. /e addition of protein in-
creases the hydration property of the mixture and the
consistency of the dough, reduces the baking time of bis-
cuits, and results in lower hardness and darker color [8].
Changing in flour protein content between 14% and 20% can
lead to significant changes in dough rheological properties
and biscuit size and texture [9]. In addition, the moisture
content of flour and the amount of water added in dough
have different effects on the properties of biscuit dough [7].
/e increase of flour moisture will result in the increase of
the fluidity and adhesion of the dough and biscuit diameter
[10]./e particle size of flour is an important factor affecting
the quality of biscuits, and its effect varies with different
types of dough. /e high extension of biscuits is related to
the fine particles of soft wheat flour./e finer the flour is, the
higher the density of biscuits and the lower the expansion are
[6]. /e average particle size of the flour used in most biscuit
production is about 50 μm, of which less than 10% of the
flour is larger than 130 μm [1]. However, glutenin in flour
can cause immune response in some people, leading to celiac
(CD), non-celiac gluten intolerance (NCGS), and wheat
allergy. /e market demand for gluten-free products is
increasing rapidly. In addition, the higher content of car-
bohydrates in flour can easily lead to consumer obesity.
/erefore, people use different kinds of flour to replace
wheat flour or to add different nutrients to biscuits, such as
multi-grain mixture [11], rice flour [8], millet or adzuki bean
flour [12], oat flour [13], soybean and cassava flour [14], and
so on.

2.2. Sucrose. Sugar can improve the structure and enhance
the flavor of biscuits. Sucrose is the most commonly used
sugar in biscuit baking. /e sweetness of sucrose is provided
by transformed fructose during baking. Sugar has a sig-
nificant effect on the phase transition of biopolymers such as
starch and gluten in biscuit dough [15]. Sugar disperses
proteins and starch macromolecules through hydration to
prevent the formation of gluten networks that make biscuits
crispy. Based on the macro and micro data of dough and
biscuits, Chevallier et al. [16] proposed that the structure of
wheat biscuits is formed by the bridge between protein
aggregates and lipids due to the melting of sugars during
baking process. After cooling, the continuous glassy state of
sugar and the intact or almost undamaged starch particles
are embedded one after another. Regardless of the com-
position of wheat biscuits, both glutenin and sucrose are
glassy [17]. On the contrary, Gallagher et al. [18] believe that
the texture of wheat biscuit is mainly affected by starch
gelatinization and supercooled sugars because of the rarely
formed gluten networks in wheat biscuits. Maillard reaction
occurs during the baking process of sugar, which enhances
the color and flavor of cookies. Due to the differences of
water content in dough, the sugar is partially or completely
dissolved and recrystallized during cooling to increase the
hardness and surface crack of the biscuit [19]. During
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baking, the undissolved sugar gradually melts to extend the
dough and cools into amorphous glass, giving the biscuit a
crisp taste [20]. In addition, the crystal size and dissolution
rate of sugar also affect the characteristics of biscuits. Extra
coarse sugar crystal particles reduce the extensibility of
biscuit dough and increase surface cracking due to the
decrease of dissolution rate [21].

/e amount of sugar also has a great effect on the
characteristics of biscuits. Increasing sugar content can
reduce the viscosity and fermentation time of the dough and
increase the hardness of biscuits [19]. /erefore, high
concentration and small particles of sugar is conducive to
the extension of biscuits; however, excessive sugar reduces
the degree of dough softening and the consistency and
cohesion of the dough, which in turn results in the tiling of
biscuits, and affects the baking time of biscuits [15]. /e
difference in sugar content produces two very different kinds
of biscuits: one is low-sugar biscuits with a sugar content of
17% to 25%, which is with the least spread of dough during
baking, such as ordinary tough biscuits; the other is sweet
crisp biscuits containing about 25% to 60% sugar (based on
flour) and the dough will swell significantly during baking
[7].

In the baking process, 10–20% of the reducing sugar in
the biscuit dough combines with the amino acids, which
contributes to the formation of biscuit color. Due to their
high calorie content, sugars are replaced by artificial
sweeteners in biscuit making, such as saccharin, acesulfame-
K, aspartame, sucralose, cyclic esters, and fructose [22].
/ese sweeteners are very sweet, and they are good sub-
stitutes of sugar.

2.3. Fat. Fat is the third major ingredient in biscuit making,
providing the tenderness and crisp taste of biscuits. Fat
destroys the continuity of protein and starch by isolating
water from protein and starch granules, thus preventing the
dough from producing stickiness and the formation of large
gluten networks [23]. It also inhibits the fermentation of
carbon dioxide diffusion in the dough by forming a coating
around the flour particles [24]. Fat can significantly affect the
gelatinization performance of flour and increase the gela-
tinization temperature.

/e mechanical properties of biscuits largely depend on
the fat composition in dough./e type and proportion of fat
in biscuit dough will affect the rheological properties of
biscuit dough and the change of dough size during baking
and finally affect the characteristics of baked products [25].
/e type of fat affects the texture of dough, and biscuits with
high solid fat content have higher breaking ability [26]. It is
found that reducing fat content or using liquid fat to instead
of solid fat can decrease the hardness and increase the
viscosity and elasticity of biscuit dough and make biscuits
with higher breaking strength [27, 28]. Many studies have
found that the biscuit dough made from liquid oil with lower
content of saturated fatty acids (such as sunflower oil) has
better malleability during baking and larger biscuit diameter
[27, 29]. Fats such as butter and vegetable oils are often called
shortening. Shortening acts as a lubricant by blocking the

formation of gluten and the adhesion of starch particles,
making cookies more tender and uniform in shape after
baking [29], resulting in better surface properties and higher
brittleness [26].

Although fat plays an important role in baked goods,
eating too much fat can lead to a variety of diseases, such as
obesity, cancer, high cholesterol, and coronary heart disease
[19]. In addition, baked goods are one of the main sources of
trans fatty acids in the diet [30]. /e study found that the
content of trans fatty acids in biscuits varied from 0.1 to 3.2 g
per 100 g. Glucose biscuits, sweet biscuits, and salt biscuits
had the lowest trans fatty acid content (0.1 g /100 g), while
butter biscuits had the highest trans fatty acid content (17.1 g
/100 g) [31]. World Health Organization (WHO) recom-
mends limiting trans-fat intake to less than 1% of total
energy intake [32].

/erefore, it is necessary to select appropriate fat
substitutes to reduce the fat content and trans fatty acids in
biscuits. Fat substitutes can be divided into carbohydrates,
proteins, lipids, emulsifiers, and synthetic fats. At present,
many ingredients (emulsifier, sorbitol [33], poly (dextran)
[34, 35], and crystalline fiber, etc.) are used as fat substitutes
[36]. Carbohydrate-based fat substitutes, such as dextrin,
modified starch, and hydrophilic colloids, form a gel-like
matrix by combining water, providing the required smooth
taste to mimic fat [35, 37]. Compared with polyglucose,
using maltodextrin instead of fat can improve the color and
appearance of biscuits and make cookies with a softer taste
[35, 38]. Tarancón et al. [38] have developed healthy bis-
cuits with fewer trans fatty acids using olive oil. Using
vegetable oils instead of fat can shorten the shelf life of
biscuits due to the taste, flavor instability, and oil oxidation
[29]. However, it is an unsolved problem that fat substitutes
have a great influence on the texture of biscuit; when re-
ducing the fat in biscuit, the biscuit will become hard and
brittle [34].

2.4. Water. Water plays an important role in biscuit baking
because it provides the necessary media for the physical,
chemical, biological, and biochemical reactions needed for
the conversion of rawmaterials into the final baked goods. In
addition, it also has a decisive impact on the overall quality
and taste of biscuits [39]. Water hydrates gluten protein in
the mixing process, gelatinizes starch in the baking process,
and acts as a dispersing medium for other components [40].
/e salt in the water will affect the characteristics of the
dough. Hard water containing magnesium and calcium ions
may have a “tightening effect” on the dough, while soft water
may have a “relaxation effect” on the dough.

2.5. Salt. Salt is used as a surface condiment and decoration
for delicious biscuits. Depending on the weight of the flour, a
salt concentration of less than 2% produces a satisfactory
taste [41]. Salt hardens gluten, increases the consistency of
the dough, makes the dough easy to process, and slows
fermentation and Maillard reaction. In addition, it is also
conducive to the formation of hard shells.
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2.6. Starter. Another important ingredient for biscuit
making is the starter. Adding starter to the dough pro-
duces fermenting gases, which can cause holes in the
cookie during baking. /e most typical chemical starters
are baking powder (a mixture of sodium bicarbonate and
acid), sodium pyrophosphate, sodium bicarbonate
(NaHCO3), and ammonium bicarbonate (NH4HCO3).
Sodium bicarbonate dissolves in the dough and reacts with
the acid to produce carbon dioxide. When heated, am-
monium bicarbonate decomposes to form carbon dioxide,
ammonia, and water. Both the loosening agent and salt in
the dough can affect the formation of hydrox-
ymethylfurfural (HMF) and acrylamide in biscuits. /e
type of starter has a great influence on the formation of
acrylamide and hydroxymethyl cellulase. In addition,
compared with sodium salt, ammonium salt accelerates
the degradation of sucrose, so it plays an important role in
promoting the formation of acrylamide and HMF.
Replacing ammonium bicarbonate with sodium bicar-
bonate can reduce the content of acrylamide to about 70%
[42] and the production of HMF to 95% [43]. With the
addition of NH4HCO3 (pH 7.82), the production of ac-
rylamide after 15 min baking at 205°C increased by 6 times
compared to the control without any raising agent (pH
5.82). On the contrary, in the presence of Na4P2O7 (pH
6.78), the final acrylamide concentration of the samples
was similar to that of the control, while in the presence of
NaHCO3 (pH 8.10), the final concentration of acrylamide
even decreased by 52% [44].

3. Classification of Biscuits

3.1.ClassificationofBiscuitBasedon theFormula,Process, and
End Products. Generally speaking, according to the char-
acteristics of biscuit formula, process, and end products,
biscuits can be divided into five categories: coarse biscuit,
tough biscuit, crisp biscuit, sweet crisp biscuit, and fer-
mented biscuit.

3.1.1. Coarse Biscuits. /e amount of fat and sugar is very
small (0 :10), and the main material is flour, with a ratio of 1 :
5 for the sugar and flour. /e biscuit is formed by stamping
or roller cutting./e biscuits are compact, crisp, and dry and
can be used to make compressed biscuits.

3.1.2. Tough Biscuits. /ey have low sugar and oil content,
good dough toughness, and forming by stamping and roll
cutting. /e end product has a large block type and a
concave pattern on the surface, which is smooth. /e cross
section has layers, brittleness is prominent, and crispness is
poor./is biscuit has a strong layered sense and a crisp taste.
/e higher the content of wet gluten, the better the
toughness of the dough. /erefore, the flour used in tough
biscuits requires a wet gluten content of 22% to 26% [45].
However, the content of oil and sugar is relatively low, and
the ratio of oil to sugar is generally required to be 1 : 2.5,
while the ratio of oil and sugar to flour is 1 : 2.5. /e dough is
mixed by hot powder technology with high extensibility and

smooth surface. Due to the high-water content of the dough,
it is suitable to bake at low temperature for a long time,
which is beneficial to the dehydration of biscuit.

3.1.3. Crisp Biscuits. /ey have high content of sugar and oil,
adding dairy products, eggs, and other ingredients. /e
dough is semi-soft, with little elasticity and strong plasticity,
so it is formed by roll cutting. /e end product is small and
thick, and the surface pattern is clear and mostly convex./e
cross section is a loose and porous structure without layers,
so that biscuits taste crumbly.

In crisp biscuits, the ratio of oil sugar to flour is 1 : 2,
and the ratio of oil to sugar should also be controlled 1 : 2.
/e wheat flour used is weak gluten flour, and the wet
gluten content is about 20%. /e oil should be shortenings
with good crispness to prevent the occurrence of oil
running. Because the temperature of crisp dough is close
to room temperature, cold flour technology is used to mix
flour. /e biscuits with high oil content are molded by roll
printing, and the temperatures of bottom fire and surface
fire are higher about 300°C, in order to facilitate product
shaping and avoid oil stalls (the surface area can be ex-
panded in a regular shape). /e varieties with low oil
content have low fire temperature and high bottom fire
temperature after entering the furnace, which is conducive
to its volume expansion and the formation of a hard shell
on the surface.

3.1.4. Sweet Crisp Biscuits. /ey have high oil and sugar
content, low water content, more milk, eggs, and other
accessories. In sweet crisp biscuits, the ratio of oil and sugar
to flour is 1 :1.35, and the ratio of oil to sugar is also 1 :1.35.
/e dough is small in elasticity, strong in crispness and soft,
and is formed by extrusion or steel wire cutting. /e end
product is thicker, the cross section is compact porous
structure, and the taste is crisp.

3.1.5. Fermented Biscuits. /e content of sugar and oil is less,
with a ratio of 10:0–0.5, and the gluten is formed more, with
a ratio of 1:4–6 for the sugar and oil to flour. /e gluten
strength will be reduced by excessive fermentation of dough,
the inclusion of shortening, and so on, and the dough is
finally formed by roller cutting or printing. /e surface of
end product is generally unpatterned, and the hierarchical
structure of cross section is clear, the brittleness is prom-
inent, and the fermentation flavor is obvious. Soda cracker, a
type of fermented biscuits, needs to go through secondary
fermentation. Fermented dough is formed by rolling,
crisping, and lamination. When baking, it is necessary to
avoid the formation of a hard shell on the surface of the cake
prematurely; otherwise it will not be conducive to the escape
of carbon dioxide from the dough and the accumulation and
expansion of the dough. After the cake billet expands to the
maximum volume, the surface fire temperature should be
strengthened to prevent the cake billet from collapsing for
the low temperature, resulting in the biscuits not crisp
enough.
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3.2. Different Types of Biscuits in China. According to the
processing technology and the biscuit industry standard GB/
T20980-2007 “biscuit” in China, biscuit can be divided into
12 types of biscuits, such as crispy biscuits, cookies, fer-
mented biscuits, tough biscuits, compressed biscuits,
Sandwich biscuits, wafers, waffles, egg rolls, pancakes,
decorative biscuits, sponge biscuits, and so on.

3.2.1. Crispy Biscuits. Crisp biscuits are made of wheat flour,
sugar, and oil as the main raw materials, adding loosening
agent and other auxiliary materials, and the surface patterns
are mostly convex flowers and porous structures made by
cold powder process, rolling or non-rolling, forming, and
baking. /e taste of the biscuits is crispy or crunchy, and the
fragrance is mellow.

3.2.2. Cookies. Cookies are made of wheat flour, sugar,
syrup, oil, and dairy products as main raw materials, adding
loosening agent and other auxiliary materials, mixing
powder by cold powder process, and forming by one of the
methods of extrusion, wire cutting, or roll stamping. Crisp
biscuits are baked with stereoscopic patterns or regular
ripples on the surface.

3.2.3. Fermented Biscuits. Fermented biscuits are made of
wheat flour, oil, and sugar (or sugar-free) as main raw
materials, yeast as puffing agent, adding various excipients,
mixed with flour, fermented and extended, roll cutting,
molding, and baking. Biscuits are crisp or crumbly with
unique flavor of fermented products.

3.2.4. Tough Biscuits. Tough biscuits are made by hot
powder process, taking wheat flour, sugar (or sugar-free),
and fat as the main raw materials, adding loosening agents,
modifiers, and other auxiliary materials./e surface patterns
are mostly concave flowers with smooth appearance. /e
cross section of the biscuit is layered, and its surface is flat
and usually with pinholes. Biscuits are crispy.

3.2.5. Compressed Biscuits. Using wheat flour, sugar, oil, and
dairy products as the main raw materials, adding other
auxiliary materials, mixing, roller printing, and baking to
make biscuits, then crushing, adding oil, sugar, nutritional
fortifier, or adding other dried fruits, meat floss, dairy
products, etc.

3.2.6. Sandwich Biscuits. /ey are biscuits with adding
stuffing such as sugar, cream, dairy products, chocolate jam,
various compound sauces, or jams between the cookie pieces
(or the hollow part of the biscuits).

3.2.7. Wafers. Using wheat flour (or glutinous rice flour)
and starch as the main raw materials, adding emulsifier,
puffing agent, and other auxiliary materials, a porous sheet is
made by mixing, pouring, and baking. Two or more layers of

biscuits are usually added between the sheets with materials
such as sugar, grease, and other stuffing.

3.2.8.Waffles. A biscuit made of wheat flour, sugar, and eggs
as the main raw materials, adding loosening agents, flavors,
and other excipients, then squeezing and baking biscuits.

3.2.9. Egg Roll. Take wheat flour, sugar, and eggs as the main
raw materials, and add or not add fat. In addition, leavening
agents, modifiers, and other auxiliary materials are added,
followed by mixing, pouring or hanging, baking, and rolling.

3.2.10. Pancakes. A biscuit made of wheat flour (glutinous
rice flour, starch, etc.), sugar, and eggs as the main raw
materials, with or without oil, adding leavening agents, and
other auxiliary materials, mixing, pouring, or hanging and
baking.

3.2.11. Decorative Biscuits. A biscuit with a coating, line, or
pattern on the surface of a biscuit coated with chocolate jam,
jam, and other accessories or sprayed with seasonings or
framed candy flowers.

3.2.12. Sponge Biscuit. /e loose and light biscuits with
strong egg flavor are made by flour blending, multiple
rolling, molding, hot water blanching, cold water soaking,
and baking using wheat flour, sugar, and eggs as the main
raw materials and adding loosening agent.

4. Biscuits’ Consumption and Demands

In 2019, the total output of wheat flour was 83.192 million t,
the total import 284,000 t, the total supply 84.056 million t,
the total domestic consumption 83.073 million t, and the total
export 305,000 t. In the total consumption of wheat flour in
China, the consumption of catering and baking food occupied
41.8% (34.704 million tons), and the food industry con-
sumption occupied 16.6% (13.812 million) (Figure 1(a)). In
the food industry consumption of wheat flour, the flour
consumption of biscuit industry is 4.362 million t occupying
31.6% (Figure 1(b)), which is 10 percent higher than noodles
while a few percent than instant noodles. Although the
consumption of biscuit industry declined slightly from 2016
to 2109 (4.675 million t in 2018, 4.964 million t in 2017, and
4.936 million t in 2016) [46], the biscuit industry still plays an
important role in the food industry market.

According to the statistics of the National Bureau of
Statistics (https://data.stats.gov.cn/index.htm), China’s total
annual pastry export bill increased 73.2% with an average
annual rate of 7.73%, while the import bill increased 5 times
with an average annual rate of 50.0% from 2010 to 2020
(Figure 2). /e gap between import and export bill of pastry
has been increased more than 7 times with an annual rate of
77.2% (from 0.61 to 5.32 billion dollars) from 2010 to 2020,
suggesting the strong demand of the national pastry market.
/e scale of the baked food market showed a steady ex-
pansion trend [47]. /e total production of biscuits in China
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increased at an average annual rate of 25.90% from 2005 to
2009, among which the output of biscuits in China was
1.3675 and 3.431 million t in 2005 and 2009, respectively, an
increase of 2.5 times in 5 years [48]. At present, China’s per
capita consumption of biscuits is still keeping in a quite low
state. /e per capita annual consumption of biscuits in
China is less than 2 kg, showing a big gap to that of de-
veloped countries (>10 kg), which should be related to the
different eating habits [5]. From the perspective of long-term
developing, China has a large population, and the people’s
living standards are gradually improving, and the demand
for ready-to-eat leisure food is increasing, suggesting a great
potential for the development of the biscuit industry. At this
stage, function, nutrition, and fashion are still the main
direction for biscuit development.

5. The Main Research of Soft Wheat for Biscuit

5.1.�eDefinition of SoftWheat. /e definition of soft wheat
varies in different countries. For example, European
countries call common wheat “soft wheat” and durum wheat
“durum wheat,” while in the United States, Australia, and
Japan, those that have softer texture and lower protein
content are called soft wheat,which is suitable for making
biscuits and cakes.

At present, the representative weak gluten wheat abroad
is American soft red winter wheat, American soft white
wheat, and Australian soft wheat [49]. In China, according to
the physical and chemical characteristics, wheat is divided
into strong gluten wheat, medium gluten wheat, and low
(weak) gluten wheat, among which the dough of low-gluten
wheat has a short stability time (≤1.5min) and is suitable for
processing and baking food.

5.2. Characteristics of Soft Wheat and Its Distribution in
China. Grain softness was an important trait of interest in
wheat because of its role in producing flour suitable for

making high-quality biscuits, cookies, cakes, and some other
products. As early as the 1950s, the breeding and planting
regionalization of soft wheat varieties were carried out
abroad. At the same time, the relationships between grain
texture, gluten protein content, rheological properties of
dough, solvent retention and processing quality of cakes,
biscuits, and other foods were studied deeply and system-
atically. /erefore, the breeding and production of high-
quality weak gluten wheat varieties and the research of
special flour have been greatly developed.

Hexaploidy wheat is usually divided into soft wheat and
hard wheat./e flour produced by soft wheat is suitable to be
used for making biscuits and cakes for its smaller particle
size, less broken starch, and lower water absorption [50].
Durum wheat is more suitable for bread making because of
its higher pentosans and protein content, higher lipid, and
dry gluten content, as well as better ability to form elastic
dough [51, 52].

In China, the early stage of wheat breeding focused on
hard wheat with high protein content, which was mainly
used for the improvement of bread and noodles, while the
quality improvement of soft wheat started late. /e
hardness and quality of 1,361 commercial wheat samples
and 687 wheat varieties collected in China in 2006 were
analyzed by single grain analysis system (SKCS)./e results
show that, among the commercial wheat in China, hard
wheat and soft wheat account for 35.2% and 7.2%, re-
spectively, the proportion of soft wheat is low, and the
wheat with different hardness is seriously mixed. /e hard
wheat and soft wheat in the variety wheat are 60.1% and
10.4%, respectively, and the proportion of soft wheat is still
on the low side [53]. Soft grain, good extensibility, low
protein content, and weak gluten strength are the main
characteristics of high quality and weak gluten wheat [54].
China has formulated a national standard for weak gluten
wheat (GB/T 17893–1999), with a flour content not less
than 70%, a grain crude protein not more than 11.5%, a
falling quality not less than 300 s, and a wet gluten content
of wheat flour no more than 22%.

8000
7331.527209.86

6665.80

5685.82

4559.06

3838.01

2814.462583.89

1945.551624.48
1221.48

1160.06
1502.17 1499.72 1573.20

1531.68 1527.57 1579.09
1650.11

1993.22
2216.13

2009.53

7000

6000

Tr
ad

e B
ill

(M
ill

io
n 

D
ol

la
rs

) 5000

4000

3000

2000

1000

0
2010 2011 2012 2013 2014

Year

2015 2016 2017 2018 2019 2020

Import

Export

Figure 2: /e total annual pastry import and export bill of China
from 2010 to 2019.

3.345
4.0%

0.395
0.5%

1.134
8.2%

0.48
3.5%

34.704
41.8%

13.812
16.6%

30.817
37.1%

4.362
31.6%

3.076
22.3%

4.762
34.5%

Food industry

Family consumption

Catering and baking food

Feeding

Others

Instant noodles

Noodle

Biscuit industry

Bakery food

Frozen food

Figure 1:/e consumption of China’s wheat flour in 2019 from the
statistics of Ma [46]. (a) /e consumption and proportion of wheat
flour in different industries of China; (b) the consumption and
proportion of wheat flour in Food industry.

6 Journal of Food Quality



Low-gluten wheat generally grows in areas with exces-
sive rainfall in the later stage. Strong gluten and medium
gluten hard wheats are mainly grown in the north due to
sufficient sunshine and less rainfall at mature stage, while
more rain water is in the middle and lower reaches of the
Yangtze River, where mainly medium and weak gluten soft
wheat is grown. Weak gluten wheat in China is mainly
distributed in Xinyang of Henan Province, and Jiangsu
areas.

5.3.�e Quality Index of Biscuit Special Powder and Breeding
of Biscuit Special SoftWheat. /e bubble blowing is closely
related to the quality of biscuits, so the bubble blowing
indicator is often used to determine and control the
quality index of biscuit special powder. Solvent retention
capacity (SRC), proposed by Slade and Levine [55], is
widely used in the prediction and evaluation of wheat
flour quality, such as water SRC (WSRC), sucrose SRC
(SSRC), lactic acid SRC (LASRC), and sodium carbonate
SRC (SCSRC). It comprehensively reflects the physical
and chemical properties of flour, such as gluten, pentosan,
damaged starch, and water absorption and can predict the
baking properties of flour as well. It is the leading method
to evaluate the quality of soft wheat [55]. Studies have
shown that SRC is less affected by environmental effects,
which is mainly determined by genotypes [56, 57]. /e
correlation coefficient between biscuit quality and the
parameters of farinograph and extensometer was small,
while the elasticity/extensibility of blister, alkaline water
retention capacity (AWRC), SCRC, and SSRC were closely
related to the diameter of biscuits, which could be used as
screening indexes of biscuit quality [56]. /erefore, it is
feasible to use genetic improvement to reduce the SRC of
selected varieties to obtain weak gluten wheat with high-
quality [57]. Hardness can be used as an efficient and
practical selection criterion in breeding; weak gluten
wheat must use parents of corresponding quality types
[58]. On the basis of the selection of grain hardness and
protein content, reducing gluten strength and compre-
hensive water absorption of flour is the main goal of soft
wheat breeding. WSRC, LASRC, and bubble blowing
indicator are the most important screening indexes for
soft wheat breeding [59].

/e specific quality indexes of high-quality weak gluten
wheat varieties for biscuit were put forward by Zhang [56],
named SKCS. /e grain hardness of high-quality weak
gluten wheat varieties is 40, grain protein content ranges
from 9.0% to 11.5%, flour protein content ranges from 8.0%
to 10.0%, blister elasticity ≤40mm, elasticity/extensibility
≤0.5, blower energy ≤7.5 ×10–3 J, AWSRC≤ 59%,
WSRC≤ 53%, SCSRC≤ 66%, LASRC≤ 83%, and
SSRC≤ 87%. In addition, the contents of water-soluble
pentosans and total pentosans were significantly negatively
correlated with the diameter of biscuits [60]. At present, the
high-quality weak gluten wheat cultivars in China basically
are “Yangmai 15,” “Yangmai 13,” “Mianmai 51,”
“Zhengfeng 5,” “Guangmai 1311,” “Nongmai 126,” “Wanxi
0638,” and so on.

5.4.GrainSoftnessGenesand�eirUnitization in theBreeding
of Biscuit Special SoftWheat. Endosperm texture is the main
factor affecting the final use of wheat. It is controlled by
genes located on a major locus called Ha that controls grain
hardness (Ha) [61, 62]. /e Ha locus is located on the
chromosome arms 5DS; its wild-type form (Ha) and the
mutated form (ha) alleles are present in the soft and hard
wheats of hexaploidy bread wheat varieties, respectively
[61, 63]. /e Ha locus consists of 10 closely linked genes,
among which 3 genes in an interval of approximately 70 kb
comprising of puroindoline a (Pina-D1), puroindoline b
(Pinb-D1), and Grain Softness Protein-1 (Gsp-D1) are as-
sociated with grain texture [61, 64, 65]. Pina-D1 and Pinb-
D1 encode 2 low molecular weight, tryptophan, and cysteine
enriched proteins, called puroindolines, PINA, and PINB,
respectively. It has been shown that these 2 proteins con-
stituted a major fraction of a 15 kDa protein originally
named “friabilin,” which are presented on the surface of
water-washed starch granules. /ey are normally accumu-
lated in the starchy endosperm cells and aleurone cells of the
developing kernels [66]. /ey are found in abundant and
minimal amounts in soft and hard wheats, respectively [67].
/e presence of the wild-type alleles (Pina-D1a and Pinb-
D1a) encoding PINA and PINB, respectively, results in a soft
phenotype whereas mutations in Pina-D1 or Pinb-D1 results
in a hard phenotype [68]. As durum wheat contains only the
A and B genome, its grain mechanical properties are the
hardest. /e most prevalent allele associated with grain
hardness is the Pinb-D1b, corresponding to a glycine-to-
serine point mutation in position 46. /is is classified as a
hard phenotype in bread wheat [69].

Ma et al. [70] analyzed the puroindoline allelic variations
and their association with kernel hardness in a diverse panel
of wheat accessions (including 1539 Chinese cultivars and
107 landraces, and another 141 foreign accessions). /e
frequencies of wild type allele of Pina-D1a (Pina) and Pinb-
D1a (Pinb) accounted for 90.4% and 41.1%, respectively, and
the kernel hardness varied from 1.4 to 102.7, suggesting that
there is a huge number of germplasms that can be used in
soft wheat breeding [70]. Marker-assisted selection (MAS) is
a fast and effective method widely used in wheat breeding
[71], which was also deployed to develop advanced wheat
lines with soft grains [62]. /e Pina-D1a gene was trans-
ferred from the donor parent Australian soft-grained variety
Barham to an Indian variety, DBW14, a hard grain wheat
with PinaD1b and PinbD1a genes, to improve its grain
softness using Marker-assisted backcross breeding strategy
in Rai et al. [62]. Meanwhile, the function markers for the
alleles of the Pina-D1a and Pinb-D1a have be effectively and
widely used in the selection of soft wheat and this accelerated
the breeding progress in many researches [62, 71].

Puroindoline polymorphism (Pina and Pinb) explains
over 60% of the variation in kernel hardness. However, the
other genetic factors except Puroindolines have be exploited
over the past 2 decades and numerous kernel hardness-
associated quantitative trait loci (QTLs) have been identified
on almost every chromosome in wheat [72–77]. For ex-
ample, 1 major QTL on 4BS as well as 3 minor QTLs on 1BS
and 5AL affecting super soft kernel texture were identified
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using a population of 268 F6 recombinant inbred lines
(RILs) derived from the cross between Alpowa (“normal”
soft) and “Super Soft” line (BC2SS163) in Kumar et al. [74],
and 2 molecular markers significantly associated with kernel
texture were identified and effectively used in MAS of soft
wheat. /erefore, the multiple QTLs and the molecular
markers significantly associated with kernel texture will
enhance our understanding of kernel softness (hardness)
and provide perspectives for future fine-tuning of grain
texture and breeding the special soft wheat with high-quality
to meet the needs of different biscuits.

6. GuidanceontheBreedingandDemandofSoft
Wheat for Biscuit

With the improvement of living standards, consumers’
demand for wheat food is gradually diversified. According
to the data from National Bureau of Statistics of China
(https://data.stats.gov.cn/index.htm), we have obtained
some statistics of Chinese wheat, including planting area,
annual yield, import and export trade, etc. Most of China’s
wheat is winter wheat; the planting area of winter wheat in
China has stabilized around 22.8 million hectares from
2010 to 2018; however, the sown area of spring wheat in
China was decreased about 2.0 million hectares from 2010
to 2018 (Figure 3). /e yield of wheat has increased 18.0%
(20.86 million t) (Figure 4(a)) despite a slight decrease of
the sown area for all the wheat (Figure 3), which is due to
the increase of yield per unit of wheat (Figure 4(b)). /e
yield per unit of winter and spring wheat is increased
about 700 and 550 kg/hm2 from 2010 to 2018, respectively,
and the average annual increase in yield per unit of all the
wheat is about 96.5 kg/hm2 from 2010 to 2021
(Figure 4(b)). Although the wheat production of China
has been increasing, it is still unable to meet the domestic
demand and has to be imported in large quantities from
abroad every year (Figure 5). /e total annual wheat
imports amount and bill of China has increased to some

extent from 2010 to 2020. In particular, the wheat imports
amount and bill in 2020 was more than two times that in
2019 (Figure 5), which may be due to the impact of
COVID-19 on China in 2020. With the decreasing of weak
gluten wheat in wheat production in China, processing
enterprises need to import a large number of foreign high-
quality wheat to meet the pastry market demand (espe-
cially for biscuits) (Figure 2).

At present, China’s per capita consumption of biscuits is
still keeping in a quite low state, while the demands of
biscuits are gradually increasing, suggesting a great potential
market for biscuits industry. Soft wheat with weak gluten is
the suitable wheat for biscuits and cakes making. For the
current production, it is difficult for most varieties to reach
the stable standard of high quality and weak gluten wheat,
and the planting quality is unstable between years and re-
gions [78]. /e quality and yield of soft wheat are greatly
affected by cultivation techniques and environmental con-
ditions. Fertilizer and water management measures directly
affect the yield and quality [79, 80]. /e national standard
requires that the protein content of weak gluten wheat is less
than 11.5%. It is necessary to introduce high-quality weak
gluten wheat germplasm resources with low protein content
for genetic improvement. Contrary to the requirements of
many quality indexes of soft wheat with weak gluten, the use
of subunits with little effect on the quality improvement of
strong gluten wheat or silencing of high-quality subunits
may be beneficial to the improvement of weak gluten quality.
/erefore, the deletion of high molecular weight glutenin
subunits can be used to cultivate high-quality soft wheat with
weak gluten [81]. In addition, the grain softness genes and
QTLs can be effectively and widely used in the selection of
soft wheat. With the decreasing of soft wheat in wheat
production of China, it is necessary to optimize the current
wheat quality structure, strengthen the improvement of
wheat quality, and select soft wheat varieties with high
quality and stable yield to meet the needs of the biscuit
market.
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7. Conclusion

Biscuits, as a kind of convenience food, have attracted more
and more people and become a consumer and leisure snack
for their low processing cost, easy to carry and eat, long shelf
life, diverse varieties, and rich taste. Biscuits are made up of
four main ingredients like flour, fat or oil, sugar, and water
and several secondary ingredients. /e ingredients play a
different role, contributing to their taste, texture, color, and
flavor. /e type and proportion of ingredients affect the
quality of the final product. According to the characteristics
of biscuit formula, process, and end products, biscuits can be
divided into five categories, such as coarse, tough, crisp,
sweet, and fermented. /e types of biscuits in China vary a
lot, which were with different processing technology and
texture. At present, China’s per capita consumption of
biscuits is still keeping in a quite low state, while the de-
mands of biscuits are gradually increasing, suggesting a great

potential market for biscuits industry. Soft wheat with weak
gluten is the suitable wheat for biscuits and cakes making.
With the decreasing of weak gluten wheat in wheat pro-
duction in China, it is necessary to optimize the current
wheat quality structure, strengthen the improvement of
wheat quality, and select soft wheat varieties with high
quality and stable yield to meet the needs of the biscuit
market.
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Figure 5: /e total annual wheat imports amount, bill, and price of China from 2010 to 2020. (a)/e total annual imports amount of wheat
in China from 2010 to 2020; (b) the total annual imports bill of wheat in China from 2010 to 2020; (c) the total annual imports price of wheat
in China from 2010 to 2020.
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