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INTRODUCTION

Steamed bread has been a staple food in Oriental countries
for centuries. 1Its processing method is similar to that of the
sponge-dough method for making conventionally baked bread, but
its formula is leaner and its flavor milder than those of conven-
tionally baked bread (white pan bread). It is said that about
1700 years ago in ancient China, a well-known statesman and general
named Chu Ko-liang conguered a barbarian tribe in South China; sub-
sequently, he remodeled the tribe's dedication ceremony by shaping
steamed bread in the form of a human head and stuffing it with
meat (this was in lieu of using a real human head). Chu Ko-liang,
in fact, was the inventor of steamed bread. From then on, steamed
bread has not only saved many lives, but has also become a popular
staple in China; at least one billion people now periodically eat
steamed bread in China, Japan, Korea and other Asian countries.
In Northern China, an estimated 50% of the wheat flour is used for
steamed bread production:; in Taiwan, the figure is around 17%.

Because of the high level of consumption, steamed bread is an
important food worthy of research and development. The major ob-
jectives of this study have been:

1. To study the effects of processing conditions and ingredi-
ents on the quality of steamed bread.

2. To study the effect of wheat flours on the quality of

steamed bread.



'SECTION I

EFFECTS OF PROCESSING CONDITIONS AND INGREDIENTS ON
THE QUALITY OF STEAMED BREAD

REVIEW OF LITERATURE

Limited scientific studies have been done toward improving the
quality of steamed bread. 1In 1964, Gotthold et al. (13), found
the protein guality of steamed bread was slightly less (0 to 9%)
than that of the unbaked ingredients, but the protein guality of
baked bread was significantly less (9 to 53%) than that of the
unbaked bread. 1In 1977, Tsen et al. (47), found the nutritive
losses in steamed bread are less than conventionally baked bread,
and the nutritive value in terms of the protein efficiency ratio
is higher than that of conventionally baked bread because less
browning takes in steamed bread than conventionally baked bread.
Other than that, there is no information available on the effect
of processing conditions and ingredients. The major processing
steps in production of steamed bread include mixing, fermentation,
sheeting, proofing and steaming. Most of the steps are performed

in a manner similar to those of conventiocnally baked bread.

Processing Steps

Mixing The first major step in the production of bread involves
the uniform blending of the individual ingredients that make up the
dough. The dough mixing process aims at two major objectives,
namely, (a} the thorough and uniform dispersion of the ingredients
to form a homogeneous mixture, i.e., a dough that is completely
alike in all respects throughout every portion of its mass; and

(b) to bring about the physical development of the gluten in the



dough into a uniform structure with desired characteristics of
plasticity, elasticity and viscous flow (36). Dough development may
be assumed to have been achieved when the gluten of the dough has
been transformed by the mixing action into a continuous three-
dimensional network of thin, hydrated protein films (16). In dough
mixing,'the basic (and by far the most useful) work is accomplished
by the kneading action of the mixing elements. The design of modern
dough mixers ensures that these machines blend, combine, compress,
fold, stretch and push the dough ingredients into their final state
of desired dough development (36).

Mixing to the correct degree is of critical importance for the
eventual behavior of the dough during subsequent processing and
for the ultimate quality of the final bread. This involves attain-
ing a proper balance of the various rheological properties of dough.
These include (a) viscous flow, a property which enables the dough
to assume the shape of the pan or other container which it occu-
pies; (b) plasticity, by which the dough will retain the shape into
which it was formed in the founding and moulding processes; (c)
elasticity, which imparts the living spring to a properly developed
dough and which permits it to return partially to its original shape
following forming and moulding; and (d) visco-elasticity, which
balances the characteristics of elasticity and of viscous £low (36).

In conventional mixing, dough development is achieved in four
rather readily differentiated stages (20). During the initial
stage, the main action is the incorporation of the dough ingredi-
ents. At this point, the dough is "slack" and rather wet and
sticky to the touch. With continued mixing, the dough enters the

second or "pickup" stage during which the gluten structure begins



to form. The third phase of dough development, generally referred
to as the "clean-up" stage, is the most definite check point in the
mixing process. From this point on, the dough enters the final
"development" stage. It involves the readily observable transfor-.
mation of the dough from a dull, somewhat rough appearance to a
smooth, satiny sheen. As mixing is continued through the develop-
ment stage, the dough loses its elastic character and becomes in-
creasingly séft, smooth and highly extensible and assumes a silky
appearance. This is the so-called "let-down" stage. This change
frﬁm microplug flow to laminar flow may be compared to the concept
of "disaggregation" of flour proposed by Tsen (45) to explain dough
development by mixing. Flour has been shown to contain distinct
protein aggregates or bodies. To achieve dough development, these
large protein aggregates must first be hydrated and disaggregated
into smaller protein units which will more readily undergo the
molecular orientation that is necessary for the formation of con-
tinuous protein films. This disaggregation can be obtained by var-
ious actions, including the shearing action of mixing, as well as
the splitting of disulfide bonds by reducing agents such as gluta-
thione and cysteine.

Fermentation Before a mixed dough can yield a light and are-

ated loaf of bread, it must be fermented for a proper length of
time during which the yeast cells, uniformly dispersed throughout
the dough mass by mixing, act upon the available sugars, transform-
ing them into carbon dioxide and alcohol as the major end products.
During yeast fermentation, the gluten is rendered more elastic and
springy, being acted upon by a variety of factors, such as proteo-

lytic enzymes, the alcohol produced during fermentation, the vari-



ous organic and inorganic acids that are formed, the increasing
hydrogen icon concentration which develops in the dough, etc. All
these factors alter the colloidal character of the gluten in such
manner that it is able to form thin, gas-retaining walls and re-
tain its extensibility and elasticity so that it can react without
rupturing to the stresses developing within the dough. A dough in
which the gluten has attained a state of maximum elasticity and
springiness is said to be mature; the dough which is improperly
matured either through insufficient fermentation or overfermenta-
tion will not yield quality bread (34, 36, 41).

A sponge should be set to ferment at a temperature of 74° to
78°F (23° to 26°C). A sponge time held within a range of 3.5 to
4.5 hours yields bread that possesses (a) better keeping qualities,
(b) better grain, and (c¢) better textrue, than when fermentation
is either greatly reduced or extended (36). According to Kamman
(20), over-fermented sponges tend to produce an open, uneven grain,
and coarse texture in the.final bread. Young or unfermented
sponges, on the other hand, produce "bucky" doughs that are diffi-
cult to machine properly and that yield large, round, thick-walled
cells in the finished bread. The fermentation time adopted as
optimum in a given baking laboratory or bakery represents the sum
total of interrelated effects produced by such factors as character
of flour, amount of yeast, temperature, formula ingredients, level
of oxidation, and others. Experience has shown that there exists
an inverse relation between the amount of yeast and fermentation
time. Thus, a reduction in the amount of yeast will result in a
longer fermentation time, while an increase in the amount of yeast

will shorten the fermentation time. However, with too high a yeast



concentration (over 4%) it is no longer possible to produce quality
bread since the gluten will fail to develop properly and a notice-
able yeast flavor will rema@in in the finished product so far as
white pan bread is concerned (36).

Sheeting Sheeting is one of the mechanical works that are ap-
plied to dough. Reversed or repeated sheeting is done to stretch
and fold the gluten in thin lamellae between gas cells, to obtain
the greatest degree of gas expulsion, to subdivide and redistribute
gas cells, and to orientate the protein chains to more or less par-
allel lamellae which form the gluten network. But excessive sheet-
ing results in dough-rupture; the sheets are then converted into
filements which tear and expose the sticky interior. On the other
hand, too losse sheeting fails to achieve adequate degassing and
proper cell dispersion (32, 36). The sheeting operation is accom-
plished by passing the dough piece through two or three sets of
closely spaced rolls that progressively flatten and degas the dough.
The first pair of rolls, generally referred to as head rolls, nor-
mally are spaced about 0.25 inch apart and serve the primary pur-
pose of degassing the dough in preparation for the final sheeting:
the second or center rolls will generally be spaced 0.125 inch
apart; and the final rolls should be set with a clearance of 0.06
inch for optimum grain and texture development in the finished
laat (20) .

The ideal dough for sheeting is dry, soft and extensible. Im-
properly mixed doughs will generally react unsatisfactorily, with
overmixing tending to vield doughs that spread excessively when
being sheeting, while undermixing doughs exhibit undesirable bucky

characteristics. Defective sheeting is also encountered with sticky



doughs that result either from the excessive use of malt or form
improper humidity conditions during the intermediate proof. Doughs
which have been dusted too heavily tend to acquire a thick, tough
skin that resists the action of the sheeting rolls so that it will
tear as the piece passes through the head rolls. Furthermore, such
a skin lacks adequate sealing properties and.may cause the moulded
piece to uncurl during subsequent proofing and baking, resulting

in deformed loaves (36).

Proofing The purpose of proofing is to create ideal fermenta-
tion conditions and to have the carbon dioxide gas areate the dough
uniformly, causing it to acquire mellowness and extensibility.
Proofing exerts a very definite effect upon the grain and texture
of bread; in fact, proofing can greatly alter the characteristics
of the final product. A correct combination of time, temperature
and humidity must be held constant if a uniform product is to be
obtained (20, 36).

The most universally used conditions include a temperature of
95°F (350C) and a relative humidity of 85 percent, with a proofing
time of 60 to 65 minutes (36). However, high-speed production
plants have adopted higher temperatures in order to reduce the
proof time. Temperatures as high as 120°F are in use although
those exceeding 115°F present the dangers of inhibiting yeast
action and, also, of producing a "shortening failure." The latter
condition results when a plastic shortening reaches the temperature
at which it turns to oil, causing a loss in volume and very poor
grain and texture (20). Some differentiation is normally observed
between the proofing condition for continuously-mixed and for con-

ventionally-mixed doughs. The reason for this is that continuously-



mixed doughs arrive at the final proofer with a temperature of

° to 43°C), in contrast to 80° to 85°F (27O to

103° to 110°F (39
29OC) for regular sponge-doughs, so the continuously-mixed doughs
are generally proofed with a temperature range of 105° to 115°F
(410 to 46OC). Bread made from over-proofed dough will exhibit
a grain with coarse, round cells similar in appearance to those
found in over-mixed bread. Under-proofing results in a more com-
pact loaf, with an open and uneven grain. It is generally recom-

mended, in the interest of bread uniformity, to proof to a prede-

termined standard height rather than for a given time (20, 36).

Processing Methods

Sponge-Dough Method By the sponge-dough method, the major fer-

mentative action takes place in a pre-ferment, referred to as a
sponge, in which normally more than one half of the total dough
flour is subjected to the physical, chemical and biological action
of an active yeast fermentation. As the sponge is subsequently
combined with additional dough ingredients and receives its final
physical development during the dough mixing stage, little useful
purpose is served by mixing the sponge any more than is necessary
to obtain a thorough blending of all the ingredients into a smooth,
homogeneous mass. Gluten development should be carried only to
the peint at which the sponge will retain a sufficient amount of
the envolVing carbon dioxide gas to produce the characteristic in-
crease in sponge volume as fermentation progresses.

The advantages of the sponge-dough method over the straight
dough method may be summarized as follows: (a) There is a saving

of approximately 20 percent in the amount of yeast used as compared



to the amount required for a straight dough; (b) bread produced by
the sponge-dough method tends to have greater volume and a more
desirable texture and grain:; and (c) the method possesses greater
flexibility. Sponges can be held longer without serious deterior-
ation in the final product quality, in contrast to straight doughs
which must be taken up when ready. Perhaps the major disadvantage
of the method is the greater labor cost that results from having
to subject the dough to two mixing operations. There are also

the additional costs arising from increased power consumption,
greater wear of the mixing equipment and higher fermentation
losses (36).

Liguid Ferment System The use of ligquid ferments in bread-

making has a long history. Thus Jago and Jago give detailed in-
structions for the preparation of various types of barms, liquid
or simi-liquid ferments, that were commonly used in France and
England during the last century. The adoption of liquid ferments
on a systematic basis by American bakers is, however, of relatively
recent origin. It is attributable in large measure to the intro-
duction of the Stable Ferment Process by the American Dry Milk
Institute in 1954 (35, 36), and the widespread adoption of the
continuous mixing process throughout the country (5, 10, 35, 36).
The original Stable Ferment Process was designed to simplify
the sponge-dough method by replacing the sponge stage with a
liquid, pumpable ferment. In practice, the process involves meter-
ing a given volume of water at a temperature of 95° to 100°F into
a tank equipped with a stirring device. The solid ingredients are
then dispersed mechanically in the water and the resultant suspen-

sion is permitted to ferment at a constant temperature for 6 hours.
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Fermentation is conducted under constant, gentle agitation to main-
tain a uniform suspension. On completion of fermentation and con-
ditioning, the mature ferment may either be used immediately for
dough mixing, or maintained in a stable condition by cooling to
SOOF, at which temperature it will retain its original fermenta-
tive vitality for a period of 48 hours or more (35, 36). Impor-
tant aspects of ferment preparation are the levels of flour in
liquid ferment and the control of pH. The major advantages of
using high levels of flour are: increased bread volume, a firmer
crumb body, retention of crumb resiliency, and accomodation. 1In
addition, a more open grain and texture may be obtained, slicing
characteristics are improved, lesser amounts of sugars are required
without reducing in the sweetness level of the finished baked loaf,
and the mechanical energy required to develop the dough is reduced
substantially. 1In later years, nearly all the continuous mixing
systems have been designed to handle liquid ferments containing
50 to 70 percent of the flour (39, 48). The pH of baked bread made
by the liquid ferment process is generally slightly lower than that
of bread by the conventional sponge-dough process, but well within
the range of good production practices. The respective values
are pH 5.4 for conventional bread, and a range of 5.14 to 5.36 for
the liquid fermented bread, the different values in the latter
case reflecting the influence of varying levels of sugar and non-
fat dry milk used in the ferment (1, 21, 35, 36, 37).

The use of the liguid ferment system offers to the bakers
some definite advantages, among which the following deserve special
consideration: (a) Improved product control - this process facil-

itates the control of product quality and uniformity by eliminating
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many of the variables that are inherent in the sponge-dough method.
(b) Customer acceptance - a survey of many present operators of
the liquid ferment system indicates that practically all of them
have experienced positive sales increases. (c) Product range -
the liquid ferment process permits the production of virtually

all types of yeast-raised products, including all variety breads,
rolls, buns, sweet products, doughnuts, health-type breads, etc.
This greatly simplifies plant operation and facilitates quality
control. (d) Flexibility - since the liquid ferment is prepared,
stabilized and held in a chilled state overnight, production addi-
tions and cuts can be handled with great efficiency. (e) Opera-
tional savings - the most important of which is in the cost of
labor. (f) Others - including the elimination of the fermentation
room, sponge troughs and the trough hoist, contributing to consid-
erable savings in the plant area (5).

An understanding of conventional breadmaking steps such as
mixing, fermentation, sheeting and proofing, and methods, such as
sponge-dough method and liguid ferment system will be helpful to
the study on effects of processing conditions and ingredients on

the quality of steamed bread.
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MATERTALS AND METHODS

Materials

Flour Wheat flour used in this study was milled from hard red
winter wheat by a pilot mill in the Department of Grain Science
and Industry, Kansas State University. Its chemical characteris-
tics were: moisture, 11.8%; protein (N X 5.7), 11.1%; ash, 0.42%;
and fat, 0.8l%. Its farinographic measurements were: absorption,
57%; arrival time, 2 minutes; peak time, 7 minutes; departure time,
12 minutes; and dough stability, 10 minutes. It was malted, en-
riched, bleached by chlorine dioxide, and unbromated.

Shortening "Primex", Procter and Gamble, Cincinnati, ©Ohio.

Yeast ‘“"Fermipan", instant yeast, Gist-Brocades N. V.,

Holland.

Preparation of Steamed Bread

A primary study to test various methods for making steamed
bread was conducted and revealed that steamed bread could be pre-
pared by a modified sponge-dough method, as sketched in Figure 1.

The sponge was prepared by mixing flour, 85% (85% of 500 g
flour); instant yeast, 0.72%; water, 47% (minus 10% from absorp-
tion); and sugar, 2% at a slow speed (No. 1 of Hobart mixer) for
3 minutes; the mixture was placed in a fermentation cabinet at
85°F and 90% R. H. for 3 hours. The sponge was then mixed with the
remaining flour for 5 minutes at a slow speed, divided into 120 g
pieces, sheeted 2 times (the first time was at the gauge of 0.27
inch, and the second time was at 0.1 inch), moulded, rounded (by

the rounder on the extensograph, C. W. Brabender), and proofed at
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85°F and 90% R. H. for 30 minutes. The proofed loaf was steamed

for 12 minutes by an aluminous steamer. Loaf weight and volume,

measured by a rape seed displacement meter, were determined after
cooling the bread for 1 hour.

The additional sheeting method (Figure 2) was developed from
the abovementioned sponge-dough method process with the following
differences: (1} the dough mixing time was 3.5 to 5 minutes, (2)
the sheeting times were 12 to 16, and the mixed dough was sheeted
before dividing, and (3) the ingredients contained shortening.

There were two procedures for making liguid ferment: (1) the
brew was prepared without flour, and fermented in a water bath
shaker (American Optical Co.) at 32°C and 300 spm (stroke per
minute) (Figure 3), and (2) the liquid sponge was prepared with

35% flour, and fermented at 85°F and 90% R. H. (Figure 4).

Scoring

The scoring was done by utilizing scoring system established
for this study. The following point values were: (1) appearance
score - bread samples scored from 10 to 1 point for samples No. 1
to No. 10, respectively (Figure 5); and (2) internal score - bread
samples scored from 5 to 1 point for samples No. 1 to No. 5, respec-
tively (Figure 6). The higher the point is, the better the quality
becomes. The internal score is half of the appearance score be-
cause the appearance is more important than internal grain for
steamed bread. The appearance and internal scores of the steamed

bread above 6 and 2, respectively, are regarded as acceptable.

Statistical Procedure

The experimental design was first proposed by Box and Behnken
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Figure 1. Processing of Steamed Bread - Modified Sponge-Dough
Method



