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ABSTRACT

The performance of corn oil, cottonseed oil, soybean oil, lard, and two
hydrogenated vegetable fats, each at five different levels, was measured. in
pastry and in baking-powder biscuits. The fats and oils used were produced
for the retail market.

Taste panel evaluations of tenderness and flakiness showed highly sig-
nificant correlations with physical measurements. Under the-conditions of
this research, the oils were more efficient shortening agents in pastry,
and the solid fats in baking-powder biscuits. Pastry was nearest optimum
in quality characteristics at the 459, level of oil, and at the 519, level of
solid fat. In bakmg powder blscuus a level of fat between 25 and 889, was
optimum for all six fats. ‘

For good-quality pastry, even dlstrlbutlon and high specific grav1ty of
oil droplets or fat crystals are important. In baking-powder  biscuits, how-
ever, plasticity and low specific gravity, as well as fine crystals of fats, are
essential for good shortening ability. Good-quality pastry and baking- powder‘
biscuits were made with any one of the fats and oils investigated.

Little research has been reported in the literature in recent years
on the shortening performance of fats and oils marketed for house-
hold use. In 1938 Lowe, Nelson, and Buchanan (9) investigated short-
ening values of various lards and hydrogenated cottonseed oil by
measuring the breaking strength of pastry and cookies. Hornstein and
co-workers in 1943 (6) studied the effect of butter, various lards, hydro-
genated vegetable oil, and margarine on the breaking strength of
pastries and shortbread. In 1950 Hunter et al. (7) investigated the
effect of hydrogenated shortening, margarine, and lard on batter struc-
ture, compressibility, and volume of cake. Hirahara and Simpson (4)
reported recently on the microsopic appearance of gluten in pastry
dough, establishing a relationship between gluten in unbaked dough
and tenderness of baked pastry. v
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Advances in food technology are apparent in the physical -and
chemical properties of shortenings. For nearly 50 years, vegetable oils
and lards have been hydrogenated to some degree. Emulsifiers are
being added to fats to help distribute the oil-soluble ingredients
homogeneously throughout the baked product (11). Plasticization dur-
ing processing has improved creamy smoothness, air content, and crys-
tal structure of shortenings (12).

The present research was conducted on six kinds of liquid and
solid fats produced for the retail market to determine their. perform-
ance in pastry and in baking-powder biscuits. Performance at different
levels of fat content was determined by tenderness as measured by
breaking strength and shear force, and by flakiness, flavor, and tender-
ness as evaluated by a taste panel. The preparation methods for pastry
and baking-powder biscuits were developed to yield flaky as well as
tender products. Suitable mixing techniques were used for products
made with liquid and solid fats.

It is well known that the shortening power of fats and oils varies
with differences in temperature and mixing techniques. A constant
room temperature of 74°F. and mixing techniques-for small-quantity
baking were chosen for this study because they are representative of
conditions of consumer use. Tolerance tests involving the influence of
various temperatures and baking procedures were not within the scope
of this experiment.

The amount of water in the formula was the same for both fats
and oils at each fat level, since moisture content is important in de-
veloping flakiness. Moisture content was further controlled by pre-
paring samples in a laboratory with constant temperature and relative
humidity, by baking in a well-regulated experimental baking oven,
and by cooling for a constant length of time in the laboratory with
controlled atmospheric conditions.

Materials and Methods

Six kinds of fats produced for the retail market were used in this
research — corn, cottonseed, and soybean oils, a votated lard, and two
vegetable fats hydrogenated to different end-points. Each lipid was
analyzed for acid value and iodine number. by the official method of
the AOAC (1). Melting points of solid fats were determined with the
Fisher-Johns melting-point apparatus. Specific gravity was determined
on all samples. Viscosity of oils was taken using the Brookfield -vis-
cometer (Model LVF) with spindle 1 at 30 r.p.m. Consistency of solid
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fat was measured on the Precision penetrometer with the cone attach-
ment and 250-g. weights for 5 sec.

All pastry and biscuit samples were prepared and physical meas-
urements except melting-point determinations were taken in a labo-
ratory with a controlled temperature of 74°F. and 609, r.h.

Statistical Design and Analysis. Separate randomized block designs
(2) were used for the pastry and for the biscuits made with each of the
six fats. Each of five levels of added fat was replicated four times.
Analysis of variance and correlation coefficients were made. Differences
between means were tested for significance by the method of Duncan
‘and Bonner (3).

Preparation - of Samples. Shortly before use, each fat or oil was
purchased from a local market in the quantity required. One lot was
obtained for each replication of each baked product. All other in-
gredients were purchased in large enough supply to complete all tests.
Separate lots of all-purpose flour were used for the pastry and baking-
powder biscuits. In pastry and biscuits the percentages of added fat,
based on total weight of flour, and the volume ratios of flour to fat
were as follows:

Pastry ' Baking-Powder Biscuits
Added Fat Vol. of flour Added Fat Fat
(% of wt. of — (% of wt.of (tbsp. per cup
flour). Vol. of fat flour) flour)

25 8:1 6 1

33 6:1 13 1

41 ‘ 5:1 25 2

45 (oils only) 41/5:1 38 3

51 4:1 51 4

68 (solid fats

only) 3:1

The weight of water used in pastry made with 140 g. flour and in
baking-powder biscuits made with 440 g. flour was constant for each
level of added fat as follows:

Pastry ) Biscuits
Added Fat Added Fat
Wt. of . Wt. of
(% of wt. of (% of wt. of
Oﬂou'r) Water Oﬂoma) Water
) 8- g-
25 - : 55 6 265
33 45 13 250
41 35 25 220
45 30 38 190
51 25 51 160

68 15
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Pastry and baking-powder biscuits were prepared in essentially the
same manner. Electric household-type mixers were used for all mixing
of dough. When solid fats were used, fat and dry ingredients were
blended together and water was sprinkled into the mixture. For sam-
ples prepared with oil, a temporary emulsion of water and oil, made
by shaking the mixture in a container, was sprinkled gradually into
the dry ingredients. »

Frames were used for rolling pastry dough to 34,-in. and biscuit
dough to J4-in. thickness. Pastry samples were cut into 134-in. by 214-
in. rectangles and biscuit samples were cut into 2-in. rounds. Pastry
was baked for 12 min. at 425°F. and biscuits for 15 min. at 450°F. in
a rotary-hearth experimental baking oven.

Quality Evaluation of Samples. Palatability of the products was
assessed by a taste panel of four staff members, trained to recognize
slight differences in the quality factors. Pastry was scored 1.5 to 2 hr.
after baking and the biscuits 8 to 10 min. after baking. Coded samples
of pastry and biscuits were rated on 7 to 1 rating scales for tenderness
and richness of flavor, and in addition, pastry was rated for flakiness.

Physical measurements were made on baked samples of pastry and
baking-powder biscuits after they had cooled for 1 hr. in a laboratory
with constant temperature and relative humidity. Breaking strength
of pastry was measured on the Bailey shortometer. -Shear force of top
crusts of biscuits and shear force of whole biscuits were measured on
the Warner-Bratzler shear machine and on the Kramer shear press,
respectively. Moisture content of duplicate lots of baked pastry and of
baked biscuits was determined on the Cenco moisture balance.

Results and Discussion
Fats and Oils. As expected, the oils were consistently more unsatu-
rated than the solid fats, as shown by iodine values given in Table I.

TABLE 1
PHYSICAL AND CHEMICAL MEASUREMENTS OF FATS AND OILS
Kinp oF Far SPECIFIC Viscosity  CONSISTENCY Acip TopINE MELTING
or O1L Graviry -+ oF O oF Far NUMBER NUMBER PoIiNT
cp. mm. ’ °C.

Liquid

Corn oil . 0.89 60.8 e 0.464 121

Cottonseed oil .89 61.0 S 406 112

Soybean oil 92 64.6 o 118 104
Solid :

Hydrogenated :

vegetable I .83 c 21.8 519 70 4244

Hydrogenated )

vegetable II .82 o 19.4 212 88 4044

Lard ' 0.86 o 17.8 0.616 62 41-46
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Of the types of oils included in this research, soybean oil was highest
in specific gravity and yiscbsity. Soybean oil is known to be higher
than corn or cottonseed oils in linolenic acid (18). Of the types of
solid fats used, lard was most firm and-most saturated. The fats and
oils in order of decreasing free fatty acid content were lard, hydro-
genated vegetable fat I, corn oil, cottonseed oil, hydrogenated vege-
table fat II, and soybean oil.

Pastry: Tenderness. With increasing amounts of added fats in pas-
try from 25 to 519, optimum tenderness was achieved at lower levels
with corn, cottonseed, or soybean oils than with any one of the solid
fats investigated. This finding was usually shown both by shortometer
readings (Fig. 1) and by panel tenderness scores (Table II). Baked pas-

BREAOKING STRENGTH

F PASTRY
0. FORCE
4 CORN OIL
- : —— COTTONSEED OIL
ok N — — SOYBEAN OIL
————HYDRO. VEG. FAT T
[ = AN —x—HYDRO. VEG. FAT IC -
» —_LARD
20}~
L
1o AN
L . .u._"‘\“'
] I L
O%s——35—a5 55 65 15

% ADDED FAT
Fig. 1. Shortometer readings (breaking strength) of pastry made with six fats in
five different levels. :

v

try samples made with different fats and oils were.comparable in
moisture content at any one level of added fat. '

Between the 25 and 519, levels of added fat there was a 26- to 31-
oz. difference in breaking-strength readings and a 4.3- to 5.0-point
difference in tenderness scores for oil pastries, in contrast with some-
what smaller differences in readings or scores for solid-fat pastries.

Shortometer readings of pastry made with 25 or 339, added fat or
. oil usually varied little between the two levels of added fat (Fig. 1).
Soybean oil pastry was an exception, however, and was significantly
more tender with the use of 339, added fat (25-0z. force) than with
25%, added fat (35-oz. force). ,

Pastry samples made with the 419, level of corn, cottonseed, or sOy-
bean oil had nearly identical shortometer readings ranging from 13
to 14 oz.; those made with lard had readings of 16 oz.; and pastries
made with hydrogenated vegetable fats I and II had readings of 22-
and 20-oz. force, respectively. At the 459, level, only pastry made with
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TABLE 11
QuALITY CHARACTERISTICS OF PASTRY MADE WITH FATS AND OILS
Kinp oF Far ADDED TENDERNESS FLAKINESS Fravor
or O1L ‘ Fara Score P ScoreP Score P
%
Liquip
Corn oil 25 12 1.5 1.2
33 1.8 1.8 1.8
41 35 3.4 34
45 4.7 4.6 45
51 55 5.1 5.3
Test difference® 0.4 0.8 0.6
Cottonseed oil 25 1.3 14 14
33 1.8 2.2 2.0
41 3.7 3.8 3.6
45 49 4.6 49
51 5.8 52" 6.2
Test difference® 0.5 0.6 0.5
Soybean oil 25 1.1 1.1 1.1
. 33 22 2.2 2.1
41 49 42 4.6
45 5.4 54 6.0
51 6.1 6.6 6.9
Test difference® 0.8 04 6.5
SoLip
Hydro. veg. fat I 25 1.8 1.8 1.6
33 1.8 2.3 1.8
41 3.3 3.2 3.4
51 44 4.0 47
68 5.7 5.2 6.0
Test difference® 0.4 0.7 0.5
Hydro. veg. fat II 25 12 1.3 1.2
33 2.0 1.9 1.9
41 3.6 3.8 3.9
51 5.1 5.1 " 53
68 6.6 6.8 7.0
Test difference® 0.7 0.7 0.7
Lard 25 1.6 2.1 1.6
33 2.8 2.9 3.0
41 4.1 4.0 3.9
51 54 4.6 5.1
. 68 6.6 5.6 6.6
Test difference® 0.5 0.7 0.5

a2 Based on total weight of flour. . .

bMean of 16 scores (four scores X four replications). Rating scales were as follows: Tenderness: 7, crumb-
ly; 6, slightly crumbly; 5, tender; 4, moderately tender; 3, slightly tough or firm; 2, moderately
tough or firm; 1, very tough or firm. Flakiness: 7, compact, too fine; 6, indistinct layers; 5, many
thin layers; 4, thin layers; 3, thick and thin layers; 2, thick layers; 1, few thick layers. Flavor
(richness) : 7, excessively rich; 6, slightly fatty; 5, natural, rich, well-blended; 4, moderately rich;
3, slightly rich; 2, slightly lean; 1, lean, flat.

¢The difference between two means is significant if it equals or exceeds the test difference (3).

cottonseed oil was significantly more tender than corresponding pastry
at the 419 level.

At the 419, level of added fat in pastry, fats and oils that were
highest in shortening quality, as shown by shortometer readings, were
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usually highest in specific gravity. Among the oils, soybean oil was

- most viscous and highest in shortening quality at the 419 level. Of

the solid fats at the 419, level, lard was most firm in consistency and

highest in shortening quality.

Pastries containing 519, added fat (listed in order of decreasing
tenderness as indicated by higher shortometer readings in oz. force)
- were: cottonseed oil, 2.5; corn oil, 2.6; soybean oil, 4.2; lard, 4.8; hydro-

genated vegetable fat I, 10.2; and hydrogenated vegetable fat II, 13.4.
Pastries made with oil at the 459, level with readings of 5- to 8-oz.
force were similar in tenderness to solid-fat pastries at the 519 level
with readings of 5- to 13-0z. force.

. Solid-fat pastries made with 689, added fat had breaking-strength
readings ranging from 0.5 to 4.0 oz. Only pastry made with hydro-
genated vegetable fat II was significantly more tender with 689, added
fat than with 519,

For assessing shortening values, the most critical level of fat ap-
peared to be 419,. At the lower level of 25 or 339, little fat is present
in the product and therefore the tenderizing property of the fat is of
less importance in the tenderness of the pastry. Oil pastries at the 519,
level and solid-fat pastries at the 689, level were considered too tender.
It is known that pastries made with high amounts of fat or oil vary
little in tenderness regardless of the type of fat used (8).

Tenderness scores for pastries made with oils were nearest the opti-
‘mum score of 5 at the 459, level (Table II). Solid-fat pastries were
nearest optimum tenderness at the 519, level, with scores ranging
from 4 to 5. At the 689, level of added fat, pastry samples scored from
approximately 6 to 7 for tenderness, indicating they were too crumbly.

From 79 to 969 of the variation in tenderness scores was associated
with variation in breaking-strength readings as shown by correlation
coefficients. The correlation coefficients between tenderness scores and
breaking-strength readings showed a closer association for pastries
made with hydrogenated fat II (r = —0.98) than for pastries made with
hydrogenated vegetable fat I (r = —0.90). '

Pastry: Flakiness. The number and the thickness of layers in pastry

- was evaluated as flakiness. Optimum scores were given to samples with

many thin layers. Pastry samples with indistinct layers were rated too

flaky, with scores above 5.0; those with thick layers were considered
not flaky enough and scored lower than 5.0. Optimum flakiness in
pastry was reached at different levels for the different fats and oils;
from 41 to 459 added fat for soybean oil; from 45 to 519, for corn
oil, cottonseed oil, and hydrogenated vegetable fat II; and between 51
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and 689, for lard and hydrogenated vegetable fat I (Table II). The
‘most- to least-flaky pastries in a customary proportion of flour to fat
were at the 519 level: soybean oil, cottonseed oil, corn oil, hydro-
genated vegetable fat II, lard, and hydrogenated vegetable fat I. Pas-
tries that scored high for flakiness also scored high for tenderness
(Fig. 2).

' PASTRY:
TENDERNESS VS. FLAKINESS

SCORES
7

S

6
5
4
3
2]

|

12.3 4 5 67
SGORES

Fig. 2. Relation of tenderness and flakiness in pastry.

- Flakiness scores and breaking-strength readings were correlated
(r=—0.83 'tc')'—O.99‘, significant at 19, level). The lowest-and the high-
est correlations were for hydrogenated fats I and II, respectively.

Pastry: Flavor. Scores for richness of flavor in pastry varied accord-
ing to the level of added fat and according to the kind of fat (Table
II). Soybean oil pastry was considered nearest optimum in richness of
flavor (score of 5) at the 419 level; cottonseed oil pastry at the 459,
level; and corn oil pastry at a level between the 45 and 519 levels.
The three solid-fat pastries were nearest optimum in richness of flavor
at the 519, level. Pastry made with 689, added solid fat was rated
excessively rich and fatty. These findings differ from those of Wheeler
(14), who stated that a minimum of 60%, added fat is needed for de-
sirable eating quality and richness in pastry. He also reported that
many commercial pastries contain from 75 to 809, added fat. '

Baking-Powder Biscuits: Tenderness. Shear readings of top crusts
and of whole biscuits decreased and tenderness scores increased con-
sistently as the fat level was raised from 6 to 519, indicating increases
in tenderness of baked biscuits (Fig. 3 and Table III). Moisture con--
tent of baked biscuits made with the different fats and oils was com-
parable at each of the levels of added fat investigated.

Whole biscuits made with the 259, level of any one of the solid
fats were more tender (shear readings of 275 to 833 1b.) than whole
biscuits made with an equal amount of any one of the oils (shear read-
ings of 352 to 362 1b.). Top crusts of biscuits made with solid fats were
also more tender at the 25%, level than crusts of biscuits made with
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TABLE III

. QuALITY CHARACTERISTICS OF BAKING-POWDER Biscurts MADE WITH FATs AND OILS

Kinp oF Far

ADDED

PALATABILITY SCORES ¢

SHEAR VALUE OF

T b enderness
or O Far? ( WARgll’m(-:%?xii';zmn) Tend Flavor
Crust Crumb
%% 1b. force

Liguip .
Corn oil 6 8.2 1.6 1.9 1.8
13 6.3 2.8 - 8.3 3.1
25 3.8 4.6 45 45
38 1.8 5.4 5.8 5.8
51 0.6 6.8 6.6 6.6
Test difference ¢ 1.6 0.7 0.5 0.6
Cottonseed oil 6 7.8 1.8 2.1 1.8
13 6.7 2.3 2.8 2.6
25 8.8 4.6 4.6 4.8
38 1.8 54 5.8 6.0
51 0.4 6.9 6.9 6.9
Test difference ¢ 1.2 0.6 0.8 0.5
Soybean oil 6 8.4 12 14 1.2
- 13 7.1 2.2 2.7 24
25 4.6 3.7 44 4.3
38 1.5 5.7 5.5 6.1
51 0.1 - 6.8 6.6 6.9
Test difference ¢ 1.2 0.7 0.6 0.3

SoLip

Hydro. veg. fat I 6 7.1 24 2.6 2.2
13 5.1 3.1 3.2 29
25 3.1 4.3 44 42
38 2.3 5.6 5.4 5.4
51 14 6.2 6.1 6.2
Test difference? 1.0 0.6 0.6 0.6
Hydro. veg. fat II 6 6.0 1.7 1.8 1.8
13 44 2.8 2.8 2.6
25 2.7 4.6 4.6 44
38 1.9 55 5.3 5.7
51 1.1 6.6 6.5 6.8
Test difference? 0.8 0.7 0.7 0.6
Lard 6 7.6 1.7 1.9 1.7
13 5.8 24 2.8 2.6
25 3.5 4.0 4.2 44
38 2.7 5.1 54 55
51 1.2 6.1 6.1 6.5
0.9 0.8 0.4 0.8

Test difference?

a2 Based on total weight of flour.

bMean of 16 values (four readings X four replications).

¢Mean of 16 scores (four scores X four replications). Rating scales were as follows: Tenderness of
crust: 7, crumbly; 6, slightly crumbly; 5, tender; 4, moderately tender; 3, slightly hard; 2, moder-
ately hard; 1, very hard. Tenderness of crumb: 7, crumbly; 6, slightly crumbly; 5, tender; 4,
moderately  tender: 3, slightly tough; 2, moderately tough; 1, very tough. Flavor (richness) : 7,
excessively rich; 6, slightly fatty; 5, natural, rich, well-blended; 4, moderately rich; 3, slightly
rich; 2, slightly lean; 1, lean, flat. . .

dThe difference between two means is significant if it equals or exceeds the test difference (3).

oils. At the higher levels of 38 and 519, added fat, biscuits made with
oils had more-tender crusts than those made with solid fats.
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SHEAR FORCE OF
BAKING POWDER BiSCUITS
LBS. FORGE .
800[~ .~ CORN OIL

L COTTONSEED OIL
— — SOYBEAN OIL
600 —~-~—- HYDRO, VEG. FAT T
L N ——s— HYDRO, VEG.FAT IC
B x ———LARD
400
200|— =
ob— 4 o 111
10 20 30 40 50

. % ADDED FAT

. Fig. 3. Kramer shear readings of whole baking-powder biscuits made with six
fats in five different levels.

The most- to least-effective shortenings in biscuits made with two
levels of fat as shown by shear readings of whole biscuits were as
follows:

Added Fat, 259, Level Added Fat, 389, Level
Hydrogenated vegetable fat IT Soybean oil
Hydrogenated vegetable fat I Hydrogenated vegetable fat II
Lard Hydrogenated vegetable fat I
Cottonseed oil Cottonseed oil
Corn oil Lard
Soybean oil Corn oil

At the 259, level of added fat in biscuits, the fats and oils that
ranked highest in shortening ability, as measured by shear, of whole
biscuits, were lowest in specific gravity. Of the solid fats, the more un-
saturated, the better their shortening power in biscuits. In either the
solid or the liquid fats, free fatty acid content did not appear to influ-
ence their shortening power in biscuits at the 259, level of ddded fat.

Baking-powder. biscuits, made with 339, added fat, were analyzed
by Matthews et al. (10) and found to contain approximately two to
three times more fat in the baked product than frozen biscuits, or
biscuits made from commercial mixes. ‘

Palatability scores for crust and- crumb tenderness showed a con-
- sistent, but not always significant, increase in tenderness with increases
in percent added fat in the formula. Optimum scores for both palata-
bility factors occurred between the 25 and 389, levels of added fat.
Tenderness scores and shear readings of top crusts were closely asso-
ciated, as shown by correlation coefficients of —0.91 to —0.98. Crumb-
tenderness scores and shear readings of whole biscuits were also sig-
nificantly correlated (r = —0.87 to —0.98).
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Crust and crumb of biscuits made with 259, added corn or cotton-
seed oils were scored about equal in tenderness to biscuits made with
the same level of hydrogenated vegetable fats I and II. Biscuits made
with soybean oil or lard were slightly less tender than biscuits made
with the four previously mentioned fats and oils. The flaky crusts and
layered crumb of corn- or cottonseed-oil biscuits may explain the high
scores for tenderness which do not agree closely with shear force read-
ings of biscuits, '

Baking-Powder Biscuits: Flavor. Optimum richness in flavor was at-
tained with 259, added fat for cottonseed-oil biscuits (score 4.8) Bis-
cuits made with other fats at this level were scored as follows: corn oil,
4.5; hydrogenated vegetable fat 11, lard, and soybean oil, 4.4; and
hydrogenated vegetable fat I, 4.2. At the 389, level, flavor of pastries
made with all fats scored above 5.0, the optimum score. From these
results, it appears that levels of added fat between 25 and 389, are
needed for optimum richness in biscuits made with any of these
fats and oils. :
~ Relationships of Properties of Fats and Oils. As judged by the taste
panel, tenderness scores for each baked product were influenced by the
texture characteristic of flakiness. Flakier pastries and flakier layered
biscuits in this experiment were rated more tender by the panel.

Performance of fats and oils in baked products was influenced by
specific gravity and by the size of fat crystals or oil droplets. Oil and
water droplets were distributed evenly throughout the dry ingredients
by means of a water-in-oil emulsion. High specific gravity was impor-
tant for shortening pastry -and low specific gravity for shortening
biscuits.

Hydrogenated fats are better shortening agents in biscuits than
lards. The small beta prime crystals present in hydrogenated fats cover
a larger surface area than the large beta crystals known to be present
in most lards (5). The mono- and diglyceride emulsifiers in hydro-
genated fats help distribute the fat-soluble ingredients homogeneously
throughout baked products (11) and help retain moisture — two fac-
tors that contribute to tenderness in many baked products.

Within the scope of this study, it appears that 419, added fat in
pastry and 259, added fat in biscuits were best for studying perform-
ance of different fats and oils. With high concentrations of fat in
dough there is little discernible difference in shortening properties be-
tween fats and oils. Relative performance among fats and oils studied
varied with the level of the fats used in the formula for pastry and
biscuits mixed by standard methods. Good-quality pastry and baking-
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powder biscuits were made with either oil or solid fat when the proper
amount of fat and proper mixing techniques were used. The use of
other procedures would probably have given different results than
those reported here. '

A fat or oil that was particularly good for shortening pastry was
not necessarily as good for shortening biscuits. Therefore, quality
evaluations of fats need to be made in the baked products in which
the fat is to be utilized. ) '
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