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1 : PRODUCTION

Commercial bread, today is attractively wrapped and marketed.

This bread, also, is fortified with vitamins and minerals making

it more nutritious. The flavor is mild yet has universal appeal.

There has been no concentrated study to analyze bread fla-

vor. This probably is because the sensation known as flavor is

difficult to define. Also, the knowledge of the components of

flavor is lacking. There is an obvious need for research to

separate and identify the constituents that may be responsible

for bread flavor. Among these flavor constituents are organic

compounds classed as ketones, aldehydes, alcohols, esters, and

acids and a group known as "browning reaction products".

The problem of relating flavor to chemical constituents is

complex. This is due to the large number of components which

are present in minute quantities. One of the limitations in

studies of this kind has been the lack of adequate methods of

analysis. Furthermore, although certain constituents are known

to be present in bread, there still remains the problem of asso-

ciating their presence with flavor.

Investigations on the flavor components of cheeses and wines

have shown alcohols, aldehydes, esters, and acids to be present.

The production of the acids during fermentation of these food

products seems to be necessary particularly for the development

of a full flavor.
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Baker at al. (1) studying the flavor of bread, analyzed

baking oven vapors and volatile reducing substances in bread

crumb. Thi3 analysis of the oven condensate demonstrated the

presence of organic acids at 0.02 per cent concentration. Also

present were alder ydes, ketones, esters, and diacetyl together

with other substances.

Pence (19), also, studied the baking oven vapors and found

alcohols, esters, aldehydes, ketones and acids to be present.

Due to the high hydrogen-ion concentration in the condensate,

formic and acetic acid were presumed to be the predominant acids.

It is assumed that organic acids contribute to flavor of bread.

Johnson (13) found that the Increase in acidity of a fer-

menting dough was due mainly to lactic acid and to a minor ex-

tent acetic acid.

The relationship of flavor to content of acetylmethylcar-

binol in dough was studied by Visser't Iiooft and de Leeuw (26),

They found the flavor to be primarily due to the diacetyl pro-

duced from the acetylmethylcarbinol.

Studies (Krebs, 15) pertaining to yeast technology and al-

coholic fermentation reactions have shown that pyruvic, succinic,

and fumaric acids are produced although the primary action of

the yeast is to convert sugars into carbon dioxide and alcohol.

The nature of sugar fermentation, however, is an involved chain

of reactions which forms many intermediate compounds and by-

products. The iimbden-Meyerhof-Parnas scheme for sugar fermenta-

tion presented in Fig. 1 represents the compounds that result



Polysaccharide

[PO,

Glucose

(•[v* •/ATP

Glucose-1-phosphate 2tGlucose-6-pho3phate + ADP

ti
Fructose -6-phosphate

•
J

-/ATP

Fructose-l:6-diphosphate + ADP

, LL
DIhydroxya'cetone phosphate 3-Glyceralftehyde phosphate

^Hg-DPN
I

"K

Glycerophosphate

*H
2

Glycerol + H3 P04

Lpho£

t!
Dhog]

H

1:3 Diphosphoglyceraldehyde

1:3 Diph03phoglyceric acid / HgDPN

/ADP

3-phosphoglyceric acid /ATP

t4
2-phosphoglyceric acid

Lactic acid*

iH
2
o

(l'Jnol) Phosphopyruvic acid

* y»ADP

ZZZZZZZ^rryruvic acid /-ATP

yflPN /DPT

y-Hg-OPN

.*?•* Mg or Mn ion required

Acetaldehyde /• C0?

/HgOPR
f

Ethyl Alcohol / DPN

Fig. 1. I noden-Meyerhof- Parnas Scheme and Cori Scheme for
Alcoholic Fermentation (From Porter, 1947).



and may be expected to be found In fermentation cultures.

In the above scheme acetaldehyde is formed by the action of

the specific enzyme carboxylase which initiates the decarboxy-

lation of the pyruvic acid to form acetaldehyde and carbon di-

oxide.

The Krebs Scheme is as follows:

-GO,
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Krebs tricarboxylic acid cycle theory (Gortner and Gortner,

9) indicates that the breakdown of pyruvic acid is a complicated

series of reactions. These reactions take place predominately

in aerobic fermentation.



This scheme, along with the Embden-Meyerhof-Parnas scheme,

accounts for almost all of the products of yeast fermentation.

Joslyn (14) reported that acetic acid 0.05-0.25 per cent, lac-

tic acid 0.0-0.2 per cent, and succinic acid 0.5-0.7 per cent

are produced as irtermediate or by-products during industrial

fermentation. Formic acid also is produced (Porter, 22). Neu-

berg (Porter, 22) suggests that formic and acetic acids may be

produced by yeast action in the dismutation of acetaldehyde or

by the breakdown of pyruvic acid.

Several organic constituents may be produced during dough

fermentation as the result of the action of bacteria and mold

which are present in flour. Lactic acid bacteria are capable

of forming lactic acid by the oxidation of pyruvic acid. Bac-

teria, also, are capable of forming lactic and acetic acids dur-

ing acetic fermentation by the dismutation of pyruvic acid.

Propionic acid is produced by the metabolism of propionic acid

bacteria. Goliform and aerogenes types of bacteria produce

lactic, acetic, and formic acids during their metabolism. The

conditions of dough fermentation are ideal for bacterial metab-

olism.

It should be recognized that lack of adequate methods of

separation and analysis has hampered additional study of the

acids present in dough and bread. The development of partition

chromatography by Martin and Synge (17) has opened the way for

the separation of structurally similar compounds that previously

had not been separated. The theory was developed in an effort



to use a system analogous to fractional distillation for sepa-

rating similar compounds by distributing them between two im-

miscible liquid phases. One phase is stationary by being ad-

sorbed onto a support material. The other phase is the mobile

phase and passes through the support material. The support

material or adsorbent is packed into a rlass tube. The sample

to be separated is placed on the top of the column and carried

through the column by the mobile phase or developinp solvent.

The difference in partition coefficients of the compounds in

the sample permits separation and elation from the column in

zones or bands.

The method of continual solvent flow and the separation of

compounds into zones is known as elution analysis. A continu-

ous series of small fractions are collected and analyzed for

concentration of solute and a graph made of the quantity of so-

lute versus the fraction number. The plot appears as peaks show-

ing rise and fall in the concentration of the solutes as the

zones pas3 out of the column. Under ideal conditions the peak

will have a sharp rise and fall but usually in practice ad-

sorptive properties of the support material prevents a 3harp

line of separation.

The adsorptive properties of the support materials are re-

lated to surface area, surface activity, and functional groups.

The surface area is related to the size of the particle and to

the porosity. The surface activity may be altered by the pres-

ence of other substances and the functional groups may determine



specific substances tnat will be adsorbed or exchanged on the

surface. Frequently, two or three types of action will occur

simultaneously in the same system. This makes it necessary

to establish conditions for separation of substances by experi-

mentation.

Care in the choice of a suitable solvent for development

and elution is necessary. It is essential to select one which

will give complete liberation of the adsorbed compounds. The

eluant usually is made more polar as development progresses so

it will elute the more strongly held compounds.

The chemical structure of the material being separated al-

so has an effect on the separation that will be obtained. In

the Instance of carboxylic acids, Traube (Cassidy, 5) found

that the surface activity increased with the number of methylene

groups In the chain. He found that adsorption of fatty acids

from aqueous solutions onto charcoal was correlated positively

with the molecular weight of the acids. The opposite was true

for adsorption of fatty acids from an organic solvent. Strain

(24) also found that, In general, adsorption Increased with

molecular 3ize within the same class. Thus, a knowledge of the

structure of the compound studied is valuable and may help de-

termine the order of adsorption in a given system. Since theory

has not kept abreast of practice, experimental conditions must

be established for a given system of adsorbent, solvent, and com-

pounds to be separated.
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Silica gel or comnercial silicic acid have been used by

many workers (10) (12) (16) (23) (25) as the adsorbents for

separating organic acid mixtures. The application of silica

gel to certain types of separations is limited, however, since

its resolving power decreases with an increase in solubility of

the solute. Many difficulties have been experienced in the prep-

aration of silica gel and In variations In gel properties be-

tween batches.

Brimley and Barrett (2) pointed out that diatomaceous earth

used as the support material has certain advantages. It has low

adsorptive power. Using cellte a3 the adsorbent, Phares et al.

(21) obtained separation of many aliphatic organic acids includ-

ing acetic, formic, fumarlc, pyruvic, succinic, and lactic acids.

Bulen et al. (4) used a celite column to separate acetic, pyru-

vic, fumaric, formic, lactic, and succinic acids from plant tis-

sue.

Buffer solutions, water, indicators, and various acids have

been used as the non-mobile phase. Isherwood (12) found it nec-

essary to use dilute sulfuric acid as the stationary phase to

reduce ionization and trailing of the zones when working with

organic acids. Feterson and Johnson (20), however, separated

formic, acetic, and propionic acids on celite columns with water

as the stationary phase.

It is necessary, in some separations, to use a solvent that

progressively increases in polarity. Donaldson et al. (7) de-



vised an apparatus that would automatically increase the sol-

vent polarity as development of the column progressed.

Samples, usually, were introduced onto the column in non-

aqueous solutions. Zbinovsky and 8urris (27) developed methods

for adding aqueous samples of sodium salts of organic acids

directly to the column. These methods overcame water-log/ring

of the adsorbent at the top of the column, which disrupts the

equilibrium between the two phases and prevents separation of

the compounds. This work by Zbinovsky and Burris also demon-

strated that the best separations were obtained when the column

was prepared with a maximum amount of water evenly distributed

over the adsorbent and when a minimum of sample was used.

Paper chromatography was developed by Consden et al. (6)

by replacing the column of adsorbent with a strip of filter pa-

per. It has useful applications in separating sugars and amino

acids. The partition coefficient values of the different or-

ganic acids, usually, are not sufficiently different, however,

to effect separation. A few spray nethods (Buch et al., 3) have

been developed that will produce color reactions useful in iden-

tifying certain groups of acids in paper chromatography.

The developments in methods for the separation of organic

acids by column partition chromatography lend themselves to a

study of these constituents in dough and bread. This investiga-

tion was undertaken to separate the organic acids present in

dough, oven vapors, and bread by chromatographic means and there-

by gain a knowledge of the acid components of bread flavor.
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Organic acids were extracted from doughs and bread produced

using both the straight dough and sponge dough methods. The

quantities of ingredients were as follows:

Ingredient Amount

Flour 700 g.
Sugar 42
Dry milk solids 28
Shortening 21
Yeast 81
Salt 14
Arkady 1.8
Malt 1.8

ror 490 ml

The baking procedure was that outlined by Miller and Johnson (18).

A 25 g sample of dough was extracted in a Waring Blendor

for 1 minute with a mixture of 75 ml of water and 5 ml of 10

per cent sulfuric acid at 50°-60° C and filtered. The acids

contained in the filtrate were converted to the sodium salt by

neutralization with 0,1 M sodium hydroxide followed by evapora-

tion.

A 25 g sample of crumb from the center of the loaf was ex-

tracted with a solution of 75 ml of water and 5 ml of 10 per

cent sulfuric acid. After blending and filtering, the filtrate

was neutralized with 0.1 N sodium hydroxide and evaporated to

dryness.

The oven vapors were collected by condensing the exhaust

gases in a series of cold water condensers and flasks surrounded

by ice water. The oven fan forced the vapors from the oven
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through the cooling system. The aqueous solution of oven vapors

was neutralized with 0.1 N sodium hydroxide and evaporated to

dryne s a

.

The support material used for the chromatographic columns

was a diatomaceous earth, celite 545 1 . It was thoroughly

washed with water to remove snail particles and dried prior to

use. The celite supported the non-mobile phase 0.5 I sulfuric

acid. Glass tubes 1.0 cm x 60 cm were used to hold the sirpport

material.

The elating solvents were reagent grade chloroform and n-

butanol. They were equilibrated with sulfuric acid by shaking

400 ml of solvent with 80 ml of 0.5 I acid.

Standard 0.1 M solutions of formic, acetic, propionic,

pyruvic, lactic, succinic, and fumaric acids were used to estab-

lish the pattern of elution from the celite columns. These acids

were added to the column as the sodium salts in aqueous solu-

tions.

The packing of the column required great care. The celite

was moistened with the proper amount of acid, (0.6 ml of 0.5 N

sulfuric acid per 1.0 g celite) slurried with pure chloroform,

and packed in small increments into the glass tube by means of

a glass rod. Enough celite was used to make a column 50 cm

high. The column was kept covored with solvent until used.

1 Johns-Danville Co.
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Tha sample to be chromatographed was acidified with 0.1 ml

9 N sulfuric acid and placed on top of tie celite column after

the excess chloroform had been removed. After the sample had

passed into the column, two 1 ml increments of chloroform were

added and allowed to progress downward to the column surface.

After adding an additional 20 ml of chloroform, the solvent flow

was started using an automatic mixing apparatus of the type de-

signed by Donaldson et al. (7). This gave a mixture of chloro-

form — n-butanol ( 1-1) flowing through chloroform. Thus, the

column was developed with a solvent progressively increasing in

percent butanol. The development continued until no more acids

passed from the column. Equal fractions of eluant were collected

with an automatic fraction collector.

The unknown acid peaks were tentatively identified by sever-

al tests. The initial identifications were made by comparing the

peaks of known acids with the unknown. The peaks were estab-

lished by titrating 160 j$. of each fraction with 0.1 N sodium

hydroxide from a microburette. Other tests included the micro-

scopic examination of the sodium salts of the unknown acids as

compared with the crystals of the salts of known acids. Unsuc-

cessful attempts also were made to compare the infrared absorp-

tion patterns and the paper chromatograms of known and unknown

acids.

Several spot tests specific for certain acids were used

(Feigl, 8). The ammoniacal silver nitrate and chroraotropic acid

tests were used for formic acid; lanthanum nitrate test for
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acetic acid; ammonium vanadate and o-hydroxydiphenyl testa for

pyruvic acid and the phenol-ferric chloride color test and p-

hydroxydiphenyl test for lactic acid.

EXPERIMENTAL RESULTS AMD DISCISSION

The organic acids present in fermenting dough, baking oven

vapors, and bread have been separated using a celite partition

column. Flate I shows the separations of acids from straight

dough samples. Curve A is a sample taken immediately after mix-

ing. Curves B and C are samples taken at the end of 2 and 4

hours of fermentation, respectively. It Is evident that separa-

tion of the acids was not complete and that overlapping occurred

in the fractions. This appears particularly true for dough ex-

tracts in which the production of acids were slight. Specific

qualitative tests also indicated that separation was not com-

plete, nevertheless, certain general trends could be observed.

The amount of acid increased as the fermentation time was ex-

tended to two hours. After 4 hours of fermentation, the amount

of acid represented by peaks 1 and 4 decreased, 2 and 3 remained

essentially unchanged and peak 5, lactic and succinic acid, in-

creased. This decrease in the other acids between the second

and fourth hours of fermentation is not readily explainable.

Pyruvic acid, lactic acid and lactates are utilized by yeast

during metabolism. Hoffman et al. (11) found the greatest amount

of yeast growth occurs between the second and fourth hours of
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fermentation in a straight dough. This may account for the de-

crease in the pyruvic acid. The continued increase in the lac-

tic acid peak, however, seems to point to the possible growth of

lactic acid bacteria which are naturally present in flour. These

results are in agreement with Johnson (13) concerning the lactic

acid production during fermentation. These results, however, do

not confirm the fact that acetic acid is produced in relatively

large amounts.

The curves in Plate II show the results from samples of a

sponge dough series. Curves A, B, C, and D are samples from

sponge doughs fermented 0, 2, 4, and 6 hours, respectively.

Again it is evident that separation of the acids is not complete.

The small quantities of certain acids produced leave uncertain-

ties in their separations and identifications.

Table 1 shows the pH and total acidity acquired in various

doughs. The total acidity values correspond well with the quan-

tities of acids separated by chromatography.

The analysis of the oven vapors for organic acids in re-

presented in Plate III. The quantities of acids present repre-

sent the content in vapors collected from 130 loaves of bread.

The small amount of acid present in the vapors may Indicate that

the acids do not escape rapidly during baking.

Bread samples baked from the various sponge doughs were

analyzed. The curves In Plate IV show the separations of the

acid3 present In bread made from 2, 4, and 6 hour sponge doughs.

A small but measurable amount of acids remain in the dough
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Table 1. Relationship of time of fermentation to pH and acid-
ity in dough and bread.

• •
• Total

Sample : pH acidity1

Hr. sponge:
dough 5.6 .40
bread 5.35 .45

2 Hr, sponge

:

dough 5.3 .5
bread 5.19 .5

4 Hr. sponge:
dough 4.90 1,20
bread 5.5 .625

6 Hr. sponge:
dough 4.55 3.65
bread 5.5 .65

25 ml of sample titrated with 0.1 N sodium hydroxide.

after baking. The quantities are directly related to the in-

crease in length of fermentation time and the amount of acid

present in the dough.

The separation of the organic acids has indicated the pre-

sence of formic, acetic, propionic, fumaric, succinic, pyruvic,

and lactic acids in fermenting dough, oven vapors, and baked

bread. Separations while not complete or as satisfactory as de-

sired, provides evidence of changes in the concentration of or-

ganic acids as bread dough ferments. Some, although relatively

small amounts of acids, is lost during the baking of bread.

Longer fermentation developes greater quantities of organic acids

and this is reflected in a general way in the baked bread. It
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is not evident why the concentration of certain acids should

decrease as fermentation progresses.

SUMMARY

The organic acids present in fermenting dough, oven vapors,

and bread have been partially separated and have provided evi-

dence for the presence of formic, acetic, propionic, pyruvic,

succinic, lactic, and fumaric acids. Partition chromatography

using a diatomaceous earth (Celite 545) with 0.5 I sulfuric

acid as the stationary phase has been used for the separation

of the acids.

Samples of dough produced, both by straight dough and

sponge dough methods, were analyzed. In general, the amounts

of acids produced increased with increased fermentation time.

Oven vapors were collected and analyzed for organic acids,

also. There appeared to be less acid loss in the vapors than

expected. They may be retained in the crumb and the crust ra-

ther than being driven off during baking.

Analysis of the crumb of bread showed appreciable amounts

of acids present. These amounts were related to the concentra-

tions found in the doughs. Extended fermentation time produced

increased amounts of acids in the bread.

The relationship of aoid content to flavor is uncertain.

Too much acid production during fermentation gives the bread an

aoidic flavor. Likewise, lack of production of acids leaves
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the bread devoid of flavor. The results of this study show

the content of acids to be small in all cases. However, these

snail amounts night be sufficient to add to the flavor and odor

of bread.
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•C-R3TI0NS FOR WRTEER RTJffi

The full relationship of acid content of a dough to bread

flavor can not be understood until further investigations are

made. A study relating bread sample flavor to acid content is

necessary.

The source of production of the acids should be studied.

A study of the bacteria of dough might yield important informa-

tion as to the possible source of rroduotion of numerous acids.

Improvements in the chromatographic technique for the sepa*

ration of organic acids would be of value in determining quanti-

tatively the acids present.

Methods of identification of these acids need to be im-

prove!, lost ta,gt3 are not specific enough for the small quan-

tities present.

A study of the organic acids remaining in the bread after

3torage and staling would be of value. Their loss or presence

may be a factor in causing stale odor and flavor.
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The constituents cf bread flavor are unknown. This in-

vestigation was undertaken to separata and identify the organic

acids that are present in fermenting dough, oven vapors, and

bread. These acids may be important components of bread flavor.

Partition chromatography was used for the separation of

the organic acids known or expected to be present in dough and

bread. A column of a diatomaceous earth ?'ith 0.5 I sulfuric

acid as the stationary phase was used with solvents that pro-

gressively increased in polarity during the course of separa-

tion. The organic acids found present in fermenting dough,

oven vapors, and bread were tentatively identified as formic,

acetic, propionic, pyruvic, lactic, succinic, and fumaric.

Samples of both straight doughs and sponge doughs were an-

alyzed for acids. The amounts of acids increased, in general,

with the extension of fermentation time.

Oven vapor samples were collected and analyzed. The con-

b of acids in the vapors appeared to be less than expected.

The results suggest that relatively 3mall amounts of acids are

found in the oven vapor and that relatively larger amounts are

retained In the crumb and crust of the bread.

Analysis of the bread crumb showed measurable amounts of

acids present. These quantities were generally related to the

concentration found in the doughs. Extended fermentation time

produced greater quantities of acids in the bread.

The results of thi3 study show the content of acids in

dough, oven vapors, and bread, to be relatively small in all



caaes. The exact extent of the contribution of organic acids

to bread flavor is not known. It is believed that s.aall aaounts

of acids found present In bread are sufficient to add to the

flavor and odor of such products.

' LIBRARY
*

W>> MANrtAFlAN


