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ABSTRACT

Certain hydrophilic colloids which were superimposed upon a standard
high-ratio formula improved the quality of white layer cakes when they
were relatively fresh and after storage. Cakes were stored unwrapped to
accelerate the staling process and were scored after 16 and 48 hr. of storage.
The use of 0.19, 7HP CMC produced the highest scores at both periods.
Also, 0.29, gum tragacanth, 0.2%, gum arabic, 0.1, Irish moss, 0.1%, am-
monium alginate, and 0.19, 7LP CMC produced better cakes than the con-
trol (no additive). Agar, 0.19, scored lower than the control at the, 16-hr.
period, but scored about the same after 48 hr. of storage. 7THP CMGC, 0.6%,,
and 0.19, guar gum produced gumminess and were detrimental to cake
quality.

An attempt to establish an objective method as a replacement for
organoleptic scoring was unsuccessful, since the correlation between the ob-
jective determinations (volumes, crumbliness, and batter resistance to shear-
1ng force) and the eating-quality score was small.

To establish repeat sales and increase sales volume, the wholesale
cake baker of today must produce a product that will compare favor-
ably with that produced by the housewife. To do so, his product must
be of good quality and must retain these characterlstlcs throughout the
distribution process.

A great deal of work has been devoted to studies dealing with
changes which take place in baked goods. Loss of moisture and firming
of the crumb are associated with these changes which result in
decreased consumer acceptance of the product and are commonly
referred to as staling (11). Bread staling has been investigated exten-
sively, and excellent reviews have been given (4,8,12); however, the
literature contains only a few reports of studies of the changes in
cake properties during storage. :

Kulp, Ponte, and Bechtel (11) found that moisture loss from cakes

1Manuscript received August 13, 1962. Contribution from the Baking Industry Program, Florida State
University, Tallahassee. A condensed version of a thesis presented in partial fulfillment of requirements
for the Master of Science degree.
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was interpreted by a panel to cause rapid staling, and during a 27-day
test period, one-half of the total firming, and between one-third and
one-half of the staling, observed. by a sensory panel occurred in the
first 4 days. Bechtel and Meisner (5) found that both sensory panel
and laboratory tests over a 6-day period showed that the hlghest-mms-
ture bread rated highest for freshness. .

Various workers have attempted to retard staling by adding sub-
stances which are hydrophilic in nature. Bayfield (2) stated that hydro-
philic colloids as additives in white bread, especially cellulose-derived
sodium carboxymethylcellulose (CMC), do enhance the shelf-life of
bread as measured by softness. However, Krustalev.and Muserskii (10)
tried agar as a staling reducer in bread and obtained negative results.
Glabe, Goldman, and Anderson (9) stated that Irish moss extractive
(carrageenin) in white layer cakes produced notable effects, particu-
larly an improved texture. Bayfield (3) found that potential customers,
who randomly sampled white layer cakes both with and without CMGC,
were almost unanimous in their preference for cake containing the
CMC. In addition to the improved eating characteristic or mouth-feel,
the CMC also improved the shelf-life of the cakes.

" Tt appears that certain hydrophilic colloids have shown beneficial

" results as cake additives; however, it is evident that no extensive
studies have been-made. Therefore, the-object of this investigation was
. to determine the ‘effects of some of  the more common types of:hydro-
philic colloids as cake additives. Also, it'was hoped that as|a/ res

this study an objective method might be obtained :to replage organo-
~ leptic scoring through the correlation: of ob]ectlve measures of the
ccake batters and the cakes.

Materials .and Methods

All ingredients used in the study were obtained from commercial
sources and all from original lots. The various additives were obtained
either on the open market or directly from the manufacturer. All the
additives were finely ground powders and were added dry to the flour,
sugar, and other dry ingredients, and mixed thoroughly. Preliminary
experiments were performed to determine the optimum percentage of
each additive and amount of additional water needed to produce the
best cake. All combinations of 0, 0.1, 0.2, and 0.39, of each additive
and 0, 5, and 109, additional water were used. The additive and addi-
tional water percentages were based on the flour weight. It was found
that 59, additional water was needed with all the additives.

An extra short or fancy patent cake flour, bleached to a suitable
pH and containing 7.59, protein, 0.329, ash, and 12.19, moisture, was
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used. Other ingredients used were: medium granulated sugar (sucrose);
spray-dried nonfat dry milk; double-action phosphate baking powder;
frozen egg whites; and an all-vegetable, emulsified-type shortening.
Refrigerated tapwater was adjusted to produce batters at 72°F.

The hydrophilic colloids included in the study and the percentage
of each used follows: 1) the seaweed colloids; 0.1, agar, 0.19, Irish
moss extractive (SeaKem Type 402), and 0.19, ammonium alginate;
2) seed extracts: 0.19, guar gum; 3) exudates or saps of trees: 0.29,
gum tragacanth and 0.29, gum arabic; 4) synthetic colloids: sodium
salt of carboxymethylcellulose (CMC) — 0.19, 7LP, 0.19, 7HP, and
0.69%, 7THP. The 0.69, 7THP CMC was included to study the effects of
larger amounts of this additive. .

Design of Experiment. The study was conducted employing a Latin
square experimental design. The treatments were arranged and the
experiment performed so that the differences among rows represented
the variation in replicates and the column differences represented the
variation in treatment positions. One experiment was performed each
day with treatments scheduled at 15-min. intervals and the experi-
ment was repeated ten times. The study was conducted in an air-
conditioned laboratory with temperature maintained at 76°F. and
approximate 1.h. of 71%,.

* The formula used which produced a standard high-ratio cake of
good qualities is given below. The flour was weighed on 149, mois-
ture basis (1), and dry mixes were prepared by sifting and blending all
the dry ingredients. The batters were mixed using a flat paddle on a
C-100 Hobart mixer equipped with a 3-qt. bowl.

. Basis Batch
Ingredient Amount Flour Weight
8. %o %
Flour 222.0 100.0 22.2
Sugar 280.0 126.1 28.0
NFDM 27.0 122 2.7
Salt 5.0 - 2.3 5
‘Baking powder 15.0 6.8 1.5
Egg whites 140.0 63.1 14.0
Shortening 100.0 45.0 10.0
Water (st stage) 150.0 67.6 15.0
(2nd stage) 61.0 27.5 . 6.1

Two 3870-g. batters, designated A and B, were scaled from each
mix into 7-in. aluminum baking pans with paper bottom liners and
greased sides. These were baked for 24 min. at 350°F. in a gas-fired,
reel-type oven. Immediately after the batters were scaled and placed
in the oven to bake, the batter’s resistance to shearing force was
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determined upon another portion of the batter using a MacMichael
Viscosimeter. :

The baked cakes were weighed immediately out of the oven to
determine the bake-out loss. After cooling 10 min., the cakes were
removed from the pans, weighed, and stored unwrapped on a wire
rack at room temperature (76°F.).

After 16 hr. the cakes were weighed to determine the loss in mois-
ture for the period. The “A” cakes were scored by the experimenter
and the volume, compressibility, and crumbliness determined. After
48 hr. the “B” cakes were weighed again and scored, and volume,
compressibility, and crumbliness determined.

In order to perform the various tests, a miter-box was constructed
so that similar sections of the cake could be obtained for each test.
‘For scoring, the cake was cut vertically 14 in. off center and the
smaller section used. To determine eating qualities, this section was
cut into smaller pieces after it was scored for the other characteristics.
A slice 14 in. thick, which was the center of the cake, was taken from
the second section for the compressibility determination. The  re-
- maining part was used for the crumbliness determination.

Scoring. The following point values were established for each of
the cake characteristics: volume, 10; grain, 10; texture, 10; softness,
10; and eating qualities, 12 points. Eating qualities may be considered
the sensations received in biting, chewing, and swallowing. In evalu-
ating eating qualities, two additional judges were employed. Since
all the cakes were similar in crust and crumb color, these character-
istics were omitted. Also, no specific consideration was given to flavor,
taste, or aroma, and no flavoring was used in the cakes. In scoring
the volume, 900 cc. was considered standard and 145 point was
deducted for each 25 cc. or fraction thereof below 900 cc.

Resistance to Shearing Force Determination. To obtain relative
values of the viscous properties of the batters, the MacMichael Vis-
cosimeter with the cylindrical plunger, small inner cup, and No. 30,
torsion wire was used, folloWing the method described by Glabau? but
without his modification of the plunger. The procedure is as follows:
After the scaled batters were placed in the oven to bake, 33 g. of the
remaining batter were scaled into the small inner cup of the Mac-
Michael Viscosimeter and this in turn was inserted into the large
chamber. The cylindrical plunger was inserted into the batter with the
spindle and disk at the upper end suspended with the torsion wire.
The motor, was then started, the cup rotated at 5 r.p.m., and the

3Glabau, C. A. Bakers Weekly modification of the MacMichael Viscosimeter to be used for cake bat-
ters, fillings, jellies, etc. Personal communication (May 1961).
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resistance to shearing force in MacMichael degrees was read off directly
on the upper graduated disk. The rotation continued over a 5-min.
period of time and readings were taken at l4-min. intervals. The
second reading (1 min.) is the one reported.

Compressibility. Compressibility or relative firmness values were
obtained with the Baker Compressimeter (1). Using the miter-box, a
slice 1% in. thick was taken exactly out of the center of the cake and
one reading was taken in the center of the slice. The compressimeter
was operated to 1.5 mm. compression using the round plunger. Thus,
firmness values are expressed as g. of pressure required to apply 1.5
mm. of stress.

Crumbliness. The crumbliness of the cakes was determined follow-
" ing the procedure used by Kulp, Ponte, and Bechtel (11) using the
Ro-Tap Testing Sieve Shaker. Eight l-in. cubes, free of crust, were
obtained from the last section of the cake. The cubes were placed in
a U.S. No. 4 sieve equipped with a catch pan and lid, which was
inserted in the shaker. After 10 min. of shaking, the remaining cake
and sifted crumbs were weighed and the percentage of crumbs
calculated.

Results and Discussion

Analysis of variance tables were prepared for all determinations.
Examples are Tables IV and V. When the effects were significant,
the treatment means were compared using Duncan’s (7) multiple range
test.

Table I gives the summary of all treatment means for the detei-
minations made in the study. Table II and Table III give the com-
parisons of all treatments using Duncan’s test, at the 59, and 19, level
of’ significance, respectively. The letters in Table II and Table III
represent the treatments and corresponding numerical values in Table
L The discussion is based on the comparisons made at the 59, level of
significance (Table II). For comparisons at the 19, level, the reader
may consult Table IIIL.

Batter Resistance to Shearing Force. From Table I, it can be ob-
served that the different treatments affected the resistance to shearing
force of the batters. The analysis of variance given in Table IV shows
that the treatment effects were highly significant and the replicate and
position effects were insignificant.

The. 0.69, 7THP CMC (D) gave the highest viscosity. Tragacanth
(J) was higher than 0.19, 7HP CMC (C), Irish moss (G), 7LP CMC
(B), gum arabic (I), and agar (F). There were no significant differences
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TABLE I
SUMMARY OF ALL TREATMENT MEANS
(Average 10 Determinations)
STORAGE TREATMENTS 2
Trme A B c D E F G H. I I
hr.
Batter resistance to shearing force — °MacM.
83 76 78 108 80 74 76 84 75 85
Bake-out loss.—g.
212 214 218 214 220 219 219 211 219 217
Air loss —g.
16 120 120 123 117 121 122 115 124 124 119
32 145 149 150 143 149 145 147 148 148 148
48 265 269 273 260 270 267 262 272 272 267
Cake volume — cc.
16 862 850 840 843 850 847 855 850 844 849
48 828 820 821 813 825 814 824 815 818 821
Total score
16 46.3 46.8 49.7 436 438 457 475 474 475 484
48 41.8 - 436 458 39.7 406 420 429 ' 424 431 441
Eating-quality score ‘
16 81 93 117 74 72 86 91 95 97 103
48 4.9 6.3 8.2 5.0 4.7 5.7 6.0 6.0 6.0 6.8
Compressibility of cakes
16 206 209 209 204 212 215 207 205 209 208
48 285 284 284 273 280 29.1 284 28.1 282 278
Crumbliness — %,
16 404 382 376 408 383 380 378 38.8 -390 390
48 379 372 365 394 386 362 363 365 391 382
2 A — Control F — 0.19, agar

B —0.1% 7LP CMC
C-— 0.1% 7THP CMC
D — 0.6% 7THP CMC
E — 0.19% guar gum

G — 0.19% Irish moss

H — 0.19% ammonium alginate
I— 0.2% gum arabic

J — 0.2% gum tragacanth

between agar (F), gum arabic (I), 7LP CMG (B), Irish moss (G), 0.19,
7THP CMC (C), or guar (E).

Bake-out Loss. The cakes were weighed immediately out of the oven
to determine the loss in weight due to baking. The treatment effects
were not significant at the 59, level. It is interesting to note that the
treatments with the additional water did not lose more weight than
the control in baking. ‘ :

Air Loss. Air loss data are reported as 16-hr. air loss, 32-hr. air loss,
and the 48-hr. air loss (16 hr. plus 32 hr.) and are expressed in grams.
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TABLE II
COMPARISON OF TREATMENTS ACCORDING TO EACH DETERMINATION PRODUCING
SIGNIFICANT RESULTS (5%, SIGNIFICANCE LEVEL)*
(Treatments underscored by the same line-are not significantly different.
Treatments not underscored by the same line are significantly different.)

hr.
Resistance to shearing force
F L B G C . E A H J D
Air loss
16 G D J A B E F C H I
Volume
16 (] D 1 F J H B’ E G A
48 D F H I B c J G - E A
; Total score
16 D E F A B H G I c
48 D E A F H G 1 B J G
. Eating-quality score
16 E D A F G B H I J C
48 E A D F G H I B ] C
Crumbliness
16 C G F B E H 1 ] A D
48 F G H [ B A J E I D
~ 2A — Control - F — 0.19 agar
B — 0.19 7LP CMC G — 0.19%, Irish moss
C —0.19% 7HP CMC H — 0.1% ammonium alginate
D — 0.6% 7THP CMC 1— 0.29% gum arabic
E — 0.1% guar gum J — 0.2% gum tragacanth

The air loss was significant at the 5%, level for only the 16-hr. period.
The Irish moss (G) was lower than agar (F), 0.19, 7THP CMC (C),
ammonium alginate (H), and gum arabic (I). The 0.69, 7HP CMC
(D) was lower than either ammonium. alginate or gum arabic. Al-
though the loss in moisture was significantly different, it is doubtful
that these differences would have any commercial value owing to their
size. :

Cake Volume. The volumes of the cakes were determined after 16
and 48 hr. using the rapeseed displacement method. The treatment
effects were significant after both 16 .and 48 hr. of storage. After 16
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. TABLE III
COMPARISON OF TREATMENTS ACCORDING TO EACH DETERMINATION PRODUCGING
SIGNIFICANT RESULTs (19, SIGNIFICANCE LEVEL)?
(Treatments underscored by the same line are not significantly different.
Treatments not underscored by the same line are significantly different.)

hr.
Resistance to shearing force

F I B G C E A H ) D
Air loss
16 G D ] A B E F C H 1
: Volume
16 e D 1 F J H B E G A
48 D F H I B C J G E A
Total score
16 D E F A B H G I J C
48 . D E A F H G 1 B ] C
Eating-quality score
16 . "E D A F G B H 1 ] C
48  E A D F G H I B j ¢
Crumbliness
16 C G F B E H 1 ] A D
48  F G H C B A J E 1 D
a2 A — Control : F —0.1% agar
B —0.19% 7LP CMC G — 0.1% Irish moss
C — 0.19% 7HP CMC H — 0.1% ammonium alginate
D — 0.6% 7THP CMC I — 0.2% gum arabic
E — 0.1% guar gum J — 0.2%’ gum tragacanth

hr., the control (A) produced the largest volume which was different
from all treatments except Irish moss (G). The 0.19,. 7THP CMC (C)
and 0.69, 7THP CMC (D) gave the smallest volumes.

After 48 hr. of storage the volumes became smaller, owing to dry-
ing and shrinking. Some of the cakes decreased in volume less than
others. The control (A) was larger than the ammonium alginate (H),
agar, (F), and the 0.69, 7THP CMC. Guar was larger than agar or 0.69,
THP CMC, whereas Irish moss was larger than the 0.6%, 7HP CMC.

In order to study the effects of time between the 16- and 48-hr. .
periods, ‘the data for the two periods were compared (6). The effects
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TABLE 1V
ANALYSIS OF VARIANCE OF THE RESISTANCE TO SHEARING FORCE DETERMINATION
("MacMichael)

SOURCE OF VARIATION d. f. m. s. F
Replicates 9 49.84 1.470
Positions 9 24.02 0.708
Treatments 9 1017.60 30.010%*
Error 72 33.91

F (9, 72): 2.01%, 2.67%*

of time include all of the factors such as drylng out and staling which
contribute to the changes in the ‘cakes. The analysis of variance for
volume comparison between the storage times is given in Table V.
Time, replicate, position, and treatment effects were highly significant.
Only the replicates X times interaction was significant.

TABLE V
ANALYSIS OF VARIANCE FOR VOLUME COMPARISON BETWEEN STORAGE TIMES

\Sousct: OF VARIATION d. f. m. s. F
Times 1 42,486.00 510.50%*
Replicates 9 6,587.00 : 79.15%*
Positions 9 4,913.11 59.04**
Treatments 9 5,393.56 64.81%*
Replicates X times 9 256.78 3.09%*
Positions X times 9 19.56 ' 24
Treatments X times 9 133.33 1.60

Error (pooled) 144 8322
F (1,144): 3.92%, 6.84%*; F (9,144): 1.95%, 2.56%*

Since the effect of storage times was significant, the prime interest
in this analysis was to compare the means of the 16- and 48-hr. periods
(Table Iy for each treatment. The least difference (6) which was
required for significance was 8 cc. at the 59, level. The smallest
decrease in volume was 19 cc. (0.19, 7THP CMC); therefore, all of the
treatments were definitely smaller after 48 hr. of storage.

Total Score. The total score may be considered the most complete
evaluation of the treatments and the most important factor in deter-
mining the best treatment. The treatment effects for both periods
were significant. :

The 16-hr. total score means reveal that 0.19, 7HP CMG (C) scored
higher than all other treatments. The gum tragacanth (J) scored
second highest, but it was not higher than gum arabic (I), Irish moss
- (G), or ammonium alginate (H). Gum arabic (I) did not differ from
the control (A). The 0.69, 7THP CMC (D) and guar (E) scored lower
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‘than the other treatments. Agar (F) was higher than 0.69%, 7THP CMC
(D), and guar (E), but it was lower than ammonium alginate (H),
Irish moss (G), gum arabic (I), gum tragacanth (J), and 0.19, 7HP
CMC (C).

After 48 hr. of storage, the 0.19, 7THP CMC again scored highest.
Gum tragacanth was second highest but did not differ from 7LP CMC
(B), gum arabic (I), and Irish moss (G). The 7LP CMC (B) was higher
than the 0.69, 7THP CMC (D), guar (E), control (A), or agar (F). Guar
(E) and 0.6%, 7THP CMC (D) scored lowest.

The above observations for both the 16- and 48-hr. periods show
that the 0.19, 7HP CMC and gum tragacanth were the most effective
in increasing the total score. Also, the 0.69, 7HP CMC and guar were
detrimental to cake quality.

From the analysis of storage-time effects, it was observed that times,
replicates, positions, and treatments were highly significant, but the
* interactions were insignificant. In comparing each treatment mean
for the two periods the least difference for significance was 1.2. Since
the smallest decrease in total score was 3.2, all of the treatments scored
lower after 48 hr. of storage. Of the higher-scoring treatments, the
7LP CMC (B) decreased the least (3.2) and the ammonium alginate
(H) decreased the most (5.0).

Eating-Quality Score. Many of the additives had a definite effect
on eating quality. Both dryness and gumminess produced a lower score.

Eating-quality scores for the 16-hr. period show that the 0.19, THP
CMC (C) was highest. Gum tragacanth (J) was second highest and
was different from the remaining treatments excepting gum arabic
(I). Guar (E) ranked the lowest but was not different from 0.6%, 7HP
CMC (D). The control (A) and 0.69, 7THP CMC (D) were different,
but the control and agar (F) were not.

After the 48-hr. period, all of the treatments decreased in eating
quality. The 0.19, 7HP CMC (C) was again highest. Gum tragacanth
(J) was second highest but it was not different from 7LP CMC (B);
however, it was higher, than gum arabic (I), ammonium alginate (H),
and Irish moss (G). The 7LP CMC was not different from gum arabic
(I), ammonium alginate (H), Irish moss (G), and agar (F). Guar (E)
scored the lowest and was different from agar (F). The control and
0.69, 7THP CMC were not different from guar.

It may be concluded from the above observations that the 0.1,
7HP CMC, gum tragacanth, gum arabic, ammonium alginate, 7LP
CMC, and Irish moss improved the eating quality.

The effects of time on eating quality were highly significant. The
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least significant difference was 0.5 at the 5%, level. The smallest de-
crease in eating quality was 2.4 which was well above the 5%, level.
Thus all treatments decreased significantly. There was a tendency for
the higher-scoring treatments to decrease more than those having a
lower initial score. It may be noted that the gum arabic (I) decreased
the most (3.7 points) and the 0.6%, 7HP CMC (D) decreased the least
(2.4 points) in eating-quality score.

The treatments X times interaction was highly significant. This is
probably due to the fact that some additives tended to produce gum-
miness in the fresh cakes and the gumminess disappeared as the cakes
dried out.

Cake Compressibility. Compressibility or relative firmness values
were obtained after each storage period. The treatment effects were
insignificant for both the 16- and 48-hr. determinations. The replicate
effects for both periods were highly significant, which denotes a large .
day-to-day variation. \

Cake Crumbliness. The crumbliness of the cakes, which was affected
by both dryness and grain structure, was determined for the.-two
. periods. ‘

After 16 hr. of storage, the 0.69, 7THP CMC (D) was highest in
percentage crumbliness, but it was not different from the control (A),
gum- tragacanth(J), gum arabic (I), or ammonium alginate (H). The
control was higher than 0.19, 7HP CMC (C), Irish moss, agar, and
7LP CMC. There were no significant differences between the 0.1
7HP CMC (C), Irish moss (G), agar (F), 7LP CMC (B), guar (E),
ammonium alginate (H), arabic (I), and tragacanth (J). V

After 48 hr., the 0.69, 7THP CMC (D) was the most crumbly and
was different from agar (F), Irish moss (G), ammonium alginate (H),
and 0.19, 7THP CMC (C). Guar (E) was hlgher than agar, (F) or Irish
moss (G).

The effects of time between the periods were significant. The least
significant difference in comparing the two means of each treatment
was 1.8 at the 5%, level. The control (A) and ammonium alginate (H)
decreased 2.5 and 2.3 in crumbliness, respectively, and were significant.

Correlation Study. Originally it was hoped that one result of this
investigation would be an objective measure which could be substi-
tuted for organoleptic scoring. Scatter diagrams were made by plotting
all the values for volume, resistance to shearing force, and -crumbli-
ness against the eating-quality score for the 16- and 48-hr. periods. Of -
these tests, the 16-hr. crumbliness looked the most promising. The
correlation coefficient .of the 16-hr. crumbliness and eating quality
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score was computed and found to be —0.50. It was concluded that
none of the above measures were of value in determining the eating
quality.

Summary and Conclusions

During the investigation it was established that certain hydro-
philic colloids improved the quality of white layer cakes when some
additional water was added. The cakes were scored when relatively
fresh (16 hr.) and again after 48 hr. of storage. To accelerate the staling
process, the cakes were stored unwrapped.

These hydrocolloids increased the total score and eating-quality
score compared to the control at both periods. The use of 0.19, 7THP
CMC produced the most outstanding cake. Other additives, produc-
ing better cakes than the control at the 16-hr. period, ranked as fol-
lows: gum tragacanth, gum arabic, Irish moss, ammonium alginate,
~and 7LP CMC. After 48 hr. of storage, the 7LP CMC increased in
rank.

At the 16-hr. period, the agar scored lower than the control; how-
ever, after 48 hr. of storage they were about the same, The 0.69, 7THP
CMC and guar produced gumminess and were detrimental to the
cake quality.

The loss in weight due to baking (bake-out) was not significantly
“different between the treatments. In air loss, the Irish moss and 0.69,
THP CMC were significantly lower after 16 hr. of storage; however,
the total air loss during storage did not differ significantly between
the treatments. The bake-out loss and air loss were of particular
interest, since the cakes containing the additives had 59, additional
water.

The control produced the largest volume at both periods. Although
the additives produced slightly smaller volumes, they shrank less
during storage.

There were no significant differences in compr6551b111ty, as meas-
ured by the Baker Compressimeter, between the treatments at either
the 16- or 48-hr. period; however, the compressibility of the cakes
decreased with an increase in storage.

The 0.69, 7THP CMC produced the highest crumbliness at either
period, and did not decrease significantly with an increase in storage
time. The control gave the second highest crumbliness at the 16-hr.
period and decreased significantly with an increase in storage time.

The 0.69, 7THP CMC increased the resistance to the shearing force
of the batters. Agar, gum arabic, 7LP CMC, and Irish moss were sig-
nificantly lower than the control in resistance to shearing force. '
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An attempt to establish an objective method as a replacement for
organoleptic scoring was unsuccessful, since the correlation between
the objective measures (volumes, crumbliness, resistance to shearing
force) and eating quality was small.

Acknowledgments

Grateful acknowledgment is made to the Hercules Powder Company, Wilming-
ton, Delaware, for establishing a fellowship under which much of this study was
done.

Acknowledgment is made to Ralph A. Bradley, Head, Department of Statistics,
Florida State University, Tallahassee, for helpful suggestions concerning the statis-
tical analysis.

Appreciation is expressed to the Bowman Dairy Company, Chlcago, Illinois; the
Diamond  Crystal Salt Company, St. Clair, Michigan; the Hercules Powder Com-
pany, Wilmington, Delaware; the HumKo Company, Memphis, Tennessee; Marine
Colloids, Inc., New York, New York; The Pillsbury Company, Minneapolis, Minne-
sota; Standard Brands, Inc., New York, New York; and the Stein Hall Company,
New York, New York, for providing certain supplies used in this study.

* Literature Cited

1. AMERICAN ASSOCIATION OF CEREAL CHEMIsTs. Cereal laboratory methods (6th ed.).
The Association: St. Paul, Minnesota (1957).
. BAYFIELD, E. G. Gums and some hydrophilic colloids as bread additives. Baker’s
Dig. 82 (3): 4245, 73 (1958).
- Bayrierp, E. G. Improving white layer cake quality by adding cellulose gum
(carboxymethylcellulose). Baker’s Dig. 36 (2): 50-52, 54 '(1962).
. BEcHTEL, W. G. A review of bread staling research. Trans. Am. Assoc. Cereal
Chemists 13: 108-121 (1955).
" 5. BrcHTEL, W. G., and MEISNER, D. F. Staling studies of bread made with flour
: fractions. III. Effect of crumb moisture and tailings starch. Cereal Chem. 31:
176-181 (1954). '
6. CocHrAN, W. G., and Cox, G. M. Experimental designs (2nd ed.). Wiley: New
York (1960).
. Duncan, D. B. Multiple range and multiple F tests. Biometrics 11: 1-42 (1955).
. Geppes, W. F., and Bicg, C. W. The role of starch in bread staling. QM Corps
Rpt. 17-10. QM Food and Container Institute for the Armed Forces: Chi-
cago, Ill. (1946).
9. GLABE, E. F., GOLDMAN, PAULINE F., and ANDERSON, P. W. How Irish moss extrac-
tive improves protein-content foods. Foods Eng. 29 (1): 65-67 (1957)
10. KRUSTALEY, A. A., and Muserskil, N. N. The prevention of the staling of bread
by adding agar-agar. Vaprosui Pitamua 4 (5): 70 (1935). (Chem. Abstr. 30:
: 6069; 1936.)
11. Kurp, K., PoNTE, J. G, JR, and BEcHTEL, W. G. Some factors that affect the
stalmg of white and yellow layer cakes. Cereal Chem. 36: 228-236 (1959).
12. Pyrer, E. J. Baking science and technology, Vol. 2, pp. 487-502: Siebel Pub. Co.:
Chicago, Illinois (1952).

B~ 0 N

o ~I




