material. This discharges into drag
conveyors which carry it to dewatering
screens. This method 1is the least
costly and most satisfactory of the three.

None of the pomace-handling methods
discussed is completely satisfactory. All
involve fermentation of the pomace with
its attendant problems. The ultimate in
efficient processing would be the elimina-
tion of the pomace from the fermenting
cellar. In the production of standard
wines (some 909, of all those produced)
this goal is now obtainable. Using the
continuous must heater, it is no longer

necessary to ferment the juice with the

skins to effect color release and dissolu-
tion. The must of red grapes, following
passage through the continuous heater,
and the must of white grapes directly
from the crusher can be screened and the
sugar remaining in the screened pomace
removed by conveying through the con-
tinuous washing system. With this sys-

tem only juice and wash would enter the
fermenting cellar. The savings in this
method and the advantages offered are so
great that it must be seriously considered
by the wine industry.
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Current problems and trends with respect to fermentation in the production of yeast-
leavened baked goods, principally bread, are more concerned with dough conditioning
during the fermentation period and early stages of baking than with the actual produc-
Recent advances in knowledge concerning the action of amylases
and proteinases on flour components during fermentation and baking have stimulated a

tion of leavening gas.

rapidly increasing use of fungal enzymes in bread production.

Judicious use of fungal

enzymes in addition to the traditional diastatic agents derived from malted cereals per-
mits efficient adaptation of a wider selection of flours to particular shop conditions.

ANARY FERMENTATION differs from
most industrial fermentations in
several respects, perhaps the most
notable of which is that the gas produced
is the most important product, although
other products have an important func-
tion. The principal products of the
fermentation are largely the means to an
end, as only small amounts of the sub-
stances themselves are retained in the
final product. The environment of the
fermentation is somewhat unusual, in
that free liquid content is held to a mini-
mum, and the chief substrate, potentially
at least, is present in great excess but is
desirably utilized to only a small extent.
Much has been learned in recent years
about mechanisms that are important in
panary fermentation. Scientific experi-
ment has disclosed the nature of funda-
mental processes by which sugars are
converted by yeast into carbon dioxide
(the leavening agent in all light breads)
and into acids and alcohols which modify

properties of the doughs and contribute
to the flavor of finished products (28).
The nutrient requirements of yeast
appear to be well understood (7).
Knowledge has been gained regarding
the chemical and physical nature of the
starch which, after enzymatic break-
down, becomes a principal substrate for
the actively metabolizing yeast cells (79).
The identity of the amylases and their
mode of action on starch and its deriva-
tives have been revealed (8, 75).
Although production of leavening gas
and proper retention of the gas may be
the most important general consider-
ations in the manufacture of bread,
economic pressures for more efficient
bakery production increasingly empha-
size the importance of proper condi-
tioning of doughs. With high-speed
machinery and accelerated shop sched-
ules, it is essential that suitable handling
properties of doughs be realized. Treat-
ments or formula additions which pro-
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mote optimal gas production may some-
times have an adverse effect on gas reten-
tion or dough properties, and vice versa.
It might be easy to establish adequate
gas production under given circum-
stances, if that were the only consider-
ation, but other features of the over-all
process may limit the means by which
this gas production can feasibly be
established. It is this complexity and
interrelatedness which require discussion
of associated problems under the topic of
panary fermentation.

General Features of Bread Production

The major product of commercial
bread manufacture in this country is
ordinary, white pan bread made by the
sponge and dough process. The follow-
ing discussion is concerned primarily
with this product and process, although
most of the material also applies to the
straight dough method and production
of other types of bread.
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Figure 6. Sponge-type fermentation for high-protein flour (17)

rapid enzyme attack seems to be gov-
erned by the extent of damage to the
granules during milling (75). This
damage to the starch granule, in turn, is
influenced by the hardness of the wheat.
It has been estimated that bread flours
contain 3 to 49, of damaged starch (75).

The normal amylase activity of flour is
usually supplemented by the addition of
malted wheat flour during the milling
process and by the inclusion of diastatic
agents in the baking formula. Flours
are usually malted during milling to
a level slightly below that required for
adequate gas production under average
baking conditions. This small margin
reduces the danger of overdiastating,
since bakers almost always add at least
small amounts of malt during baking.
The a-amylase contained in the supple-
ments vigorously attacks available starch
and provides new points of attack for 8-
amylase, so that under the combined in-
fluence of the two enzymes, rapid
saccharification occurs. Alpha-amylase,
or an enzyme associated with it, is cap-
able of slow attack on undamaged starch
granules (75), causing the so-called
diastatic level of fermentation mentioned
above.

In recent vears, a-amylase supple-
ments derived from fungal or bacterial
sources have become of considerable in-
terest in the baking industry, in addition
to the traditional cereal amylases.
These supplements produce much the
same effects on the gas production of
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doughs as do the cereal enzymes. At the
present time, the regulations of the Food
and Drug Administration permit only
the cereal enzymes to be added to flour,
but both cereal and fungal enzymes may
be used in bread production (7).

Factors Affecting Gas Retention
And Handling Properties of Doughs

During fermentation,
the pH of dough nor-
mally decreases by ap-
proximately 0.5 pH unit (7, &), depend-
ing upon specific conditions. Besides the
carbon dioxide, appreciable amounts of
acetic and lactic acidsare formed (77). A
portion of the acetic acid is probably
formed by the yeast, but bacterial contam-
inants of flour are probably responsible for
the lactic acid and the remainder of the
acetic acid. The total and relative
amounts of these acids influence the
flavor of bread to an important extent.
The acid conditions prevailing during
fermentation also affect colloidal proper-
ties of the flour proteins. Gluten is
known to swell greatly and to increase in
hydration capacity as the pH of it
environment is lowered. This effect is
offset, however, by the presence of salts,
which have a toughening effect on gluten.
The baker strives to achieve a balance
among these factors and others, which
will produce the most desirable flavor
and best dough properties.

Fermentation
Products

AGRICULTURAL AND FOOD CHEMISTRY

The ability of malted ce-
reals to impart desirable
characteristics to bread has
long been recognized, but it has been only
in recent years that the effects were shown
to be due to enzyme systems present in the
sprouted grains. The function of these
enzymes is still not completely under-
stood, although much progress has been
made in their control in baking. The
increase in sugar production with the
resulting increase in gas production and
improved crust color are commonly
attributed to the a-amylase contained in
the malted cereals and other diastatic
supplements.  The components re-
sponsible for changes in dough consist-
ency, loaf volume, and crumb character-
istics, however, have been a subject of con-
troversy (74). Diastatic supplements used
in bread making usually contain protein-
ases in addition to amylases. Although
it has long been known that proteinases
can significantly affect dough properties
(70), lack of fundamental information
concerning the proteinases as well as the
proteins of flour themselves has hampered
understanding of the relative importance
of these two types of enzymes in bread
making.

Enzymatic
Effects

It was formerly believed
that the softening of bread
doughs caused by the addition of malt was
due to a-amylase (7, 8, 75) and that an
excess of this enzyme was the cause of soft,
sticky doughs producing bread with a
sticky, gummy crumb and poor loaf
volume. However, results obtained
more recently (72, 73) have shown that
only part of these effects are due to a-
amylase. It was demonstrated that the
softening effect of a-amylase, freed from
proteinase, on bread doughs was limited
by the amount of susceptible starch
present (72). Excessive amounts of this
enzyme caused no further change in the
properties of the doughs themselves, but
during the baking period, excess a-
amylase caused the bread to have a
sticky, gummy crumb, although the loaf
volume itself was good (73).

The susceptibility of starch to rapid
enzyme attack seems to be governed by
the extent of damage to the granules
during milling (75). Starch granules
that are ruptured mechanically are able
to disperse in cold water and absorb
greater amounts of water than intact
granules. As this soluble starch is
broken down into simpler products by
enzymes, the water released causes a
definite softening or decrease in consist-
ency of the dough. As the average
bread flour contains only about 4%, of
damaged starch granules, the softening
effect of a-amylase is thereby limited by
the amount of available substrate.

During baking, considerable swelling
and gelatinization of the starch granules
occur (60° to 65° C.) before the enzymes
are completely inactivated; and at

a-Amylases



elevated temperatures, enzymatic degra-
dation of the starch occurs very rapidly.
The resulting dextrins with their im-
paired water-retaining capacity and
gelatinous consistency have a very im-
portant effect on the texture of bread
crumb. Small amounts of these sub-
stances are desirable, but larger amounts
are responsible for the sticky, gummy
characteristics of bread produced from
overdiastated doughs. The inactivation
temperature of fungal a-amylase (ca.
70° C.) (23) is sufficiently lower than that
of the cereal enzyme that much higher
levels of activity of the former can be used
before excessive dextrinization of starch
occurs during the baking process. The
higher critical temperature of bacterial
enzymes (80° to 90° C.) (27), on the
other hand, allows them to be used at
only very low levels of activity.

It has recently been observed that the

staling of bread can be significantly re-
tarded by using very small amounts of
bacterial amylases to dextrinize a slightly
greater than normal portion of the
starch that is gelatinized during baking
(25,27). Despite the current interest in
antistaling agents, however, it seems
doubtful that bacterial enzymes will be
widely used for this purpose, even if they
were allowable in bread. The sensitivity
of crumb characteristics to the degree of
dextrinization of the starch and the great
care necessary to obtain the optimal
amount of this action under shop condi-
tions would deter their acceptance by
many bakers.
It is now known that
much of the damage to
dough properties caused bv overmalting is
due to the proteinase content of the malt
supplements (73, 20). Although the
mechanisms remain obscure, the effect
was clearly demonstrated with diastatic
supplements which had been freed of
amylase activity (27). The softening
effects seemed to occur chiefly during the
sponge stage, because the salt added at the
dough stage was found to decrease the
proteinase activity of the supplements by
about 609, (20). The low inactivation
temperature (55° to 60° C.) (27) of the
proteinase further reduced the possibility
of extensive proteolysis during baking.
Excess proteinase activity caused the
doughs to become progressively more
sticky and slack. The softening of
doughs by proteolysis was found to be
additive to that caused by a-amylase.
Doughs in which excessive softening had
been caused by proteolysis produced
bread with coarse grain and texture and
impaired loaf volume (72).

Although malted wheat flour is custom-
arily added to domestic bread flours in
order to provide an adequate potential
for gas production during baking, great
benefit is also realized from the mellowing
effect the proteinase components of such
supplements have on doughs which are
difficult to handle in make-up machin-

Proteinases

ery. Itis common practice for bakers to
add diastatic supplements to doughs for
this purpose, in addition to the amounts
already contained in the flour as it comes
from the miller. With the advent of
purified and standardized concentrates
of fungal enzymes having various ratios
of amylase and proteinase activity, the
up-to-date baker is furnished tools which
permit him greater latitude in the selec-
tion of flours to fit particular baking con-
ditions and practices. Enzyme concen-
trates are available in a variety of po-
tencies and types of activity (23) and are
finding a rapidly increasing use in the
trade (22, 26).

Among advantages attributed to the
use of fungal enzymes on a commercial
scale (4, 22) can be mentioned improve-
ment with respect to grain and texture,
external characteristics, and loaf volume.
Improvement in grain—that is, a finer
cell structure—also seems to give the
appearance of a whiter color. Advan-
tages from the standpoint of manufactur-
ing include reduction in mixing time and
better extensibility of the dough. A re-
cent investigation of the effect of high
levels of proteinase supplementation on
the mixing requirements of dough (6)
showed that the progressive softening
induced could effectively substitute for a
large part of the mixing development
normally required by flours.

It has been suggested (9, 22) that it
would be desirable to add fungal amylase
supplements at the mill, with or without
the addition of malted flours, and that
fungal proteinase supplementation should
be left up to the individual baker, because
proper dough conditioning and bread
quality react sensitively to slight varia-
tions in proteolysis, depending upon
differences in shop practices.

Each flour may need a different
combination of proteinase and a-amnylase
for best results in a given shop. Malted
cereals provide a combination of enzymes
which is suitable for most flours under
average conditions, and benefit from
the addition of fungal proteinase may not
be obtained. In some instances adverse
effects may occur. Nevertheless, fungal
enzymes provide opportunity for selec-
tive supplementation to give the baker
greater control over the properties of his
doughs under specific shop conditions.

It is anticipated that as greater knowl-
edge is gained of the mechanisms which
occur in the tremendously complex sys-
tem that bread dough constitutes, sub-
stantial, and perhaps dramatic, advances
will be made in bread technology in
coming years. It may eventually be
possible to separate the various processes
to the extent that they may be treated
somewhat more as unit processes.
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