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BREADBAKING

Studies on Frozen Doughs. IV. Effect of Shortening Systems
on Baking and Rheological Properties'

Y. INOUE,2 H. D. SAPIRSTEIN,3 and W. BUSHUK3

ABSTRACT Cereal Chem. 72(2):221-226

Effects of three types of shortening systems on baking and rheological
properties of frozen doughs were studied. The first type included hydrogen-
ated canola oil (control) and canola oil. Type 2 included control, control
+ 5% (oil basis) lysolecithin, control + 5% calcium stearoyl lactylate
(CSL), and control + 5% diacetyl tartaric acid esters of monoglyceride
(DATEM). Type 3 included control, water (40 and 60%) in control
emulsion, and control (40 and 60%) in water emulsion. The amount of
shortening in the dough formula was 10% (flour basis). Molded doughs
were prepared by a short-time dough procedure and frozen at -20°C.
After up to 10 weeks of frozen storage, the doughs were thawed, and
replicate doughs were tested on the extensigraph and baked. Of the
shortening systems tested, CSL, DATEM, and the two oil in water (O/ W)
emulsions produced a significant improvement in baking properties. The

The use of frozen dough has become a viable alternative to
conventional dough processing in today's in-store baking industry
(Krumrei 1989). The baking potential of frozen doughs decreases
with increasing frozen storage period or the number of freeze-
thaw cycles. The loss of baking potential can be limited to some
degree by adjustments in processing conditions (Merritt 1960,
Lorenz 1974), formulation (Lorenz 1974, Marston 1978), type
of yeast (Kline and Sugihara 1968, Hino et al 1987, Neyreneuf
and Van Der Plaat 1991), type of flour (Neyreneuf and Van Der
Plaat 1991, Inoue and Bushuk 1992), and oxidizing agents (Lorenz
and Bechtel 1965, Hsu et al 1979, Inoue and Bushuk 1991).
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CSL and DATEM formulae resulted in significantly higher loaf volumes
for the nonfrozen and one-day frozen dough treatments. There was no
significant difference between these surfactants and the 40% O/ W emulsion
system after four weeks of frozen dough storage. Comparing all shorten-
ing systems after 10 weeks of frozen storage, the O/W emulsion systems
were associated with the lowest final proof times and highest loaf volumes;
gassing power was similar to that of the CSL and DATEM treatments.
Most notable was the observation that for the O/ W emulsion treatments,
the loaf volumes hardly decreased during the extended frozen storage
period. Results of this study showed that the loss in breadmaking potential
of frozen doughs during storage can be mitigated by including in the
formula a shortening system specially formulated for frozen doughs.

Shortening systems, including fats, oils, and surface-active
agents, are evolving for applications in chemically leavened and
yeast-raised baked products (Knightly 1981). However, the effect
of shortening systems in frozen doughs has received relatively
less attention. Lorenz (1974) and Marston (1978) reported that
the addition of a higher proportion of shortening improved the
quality of breads from frozen doughs. Surface-active agents like
sodium or calcium stearoyl lactylate (SSL or CSL) and diacetyl
tartaric acid ester of monoglyceride (DATEM) have been shown
to be effective in maintaining loaf volume and crumb softness
of breads from frozen doughs (Marston 1978, Davis 1981,
Varriano-Marston et al 1980, Wolt and D'Appolonia 1984).
Hosomi et al (1992) showed that a hydrophilic sugar ester im-
proved baking and rheological properties of frozen doughs.

In this article, the effectiveness of three groups of shortening
systems (type of oil, type of surface-active agent added to the
oil, and type and composition of emulsion system) in maintaining
baking and rheological properties of dough subjected to extended

frozen storage are reported.
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MATERIALS AND METHODS

Shortening Samples
Three types of shortening systems were used with hydrogenated

canola oil (m.p. 310C) as the control; group I (type of oil): 1)
control and 2) canola oil; group II (type of surface-active agent
added): 1) control, 2) lysolecithin (LL) 5 g/95 g of control, 3)
calcium stearoyl-2-lactylate (CSL) 5 g/95 g of control, and 4)
diacetyl tartaric acid esters of monoglyceride (DATEM) 5 g/95 g
of control; group III (type of emulsion system and amount of
water added): 1) control, 2) water in oil emulsion, 40% water
+ 60% control (40% W/O), 3) water in oil emulsion, 60% water
+ 40% control (60% W/O), 4) oil in water emulsion, 40% water
+ 60% control (60% O/W), and 5) oil in water emulsion, 60%
water + 40% control (40% O/W). Polyglycerol ester of inter-
esterified ricinoleic acid (PEIR) (1% shortening basis) and poly-
glycerin monostearate (PGMS) (2% shortening basis) were used
as emulsifiers for the preparation of the W/ G and O/ W emulsions,
respectively.

All the shortening components used were provided by Nippon
Oil Co. Ltd. (Tokyo). LL used was Elmyzer A, Kyowa Hakko
Kogyo Co. Ltd. (Tokyo); CSL was from Riken Vitamin Co. Ltd.
(Tokyo); DATEM was Panodan AM from Grinsted Products
Inc. (Denmark), and PEIR was Sun Soft 818H with a hydrophilic-
lipophilic balance (HLB) value of 2.5 from Taiyo Kagaku Co.
Ltd. (Tokyo). PGMS used was Emulsy MS with HLB value of
13 from Riken Vitamin Co. Ltd. (Tokyo).

To prepare the W/O emulsions, PEIR (1% shortening basis)
was dissolved in control oil heated at 700C. Water (40 or 60%,
shortening basis) was emulsified in the oil phase with stirring
for 20 min at 600C. The resulting emulsion was rapidly cooled
to 150C and plasticized in a votator (Nikkiso Co. Ltd., Tokyo).
The O/ W emulsions were similarly prepared by dissolving PGMS
(2% shortening basis) in water heated at 600C. Control oil (pre-
heated at 600C) was emulsified in the water phase with stirring
for 20 min at 600 C. The resulting 0/W emulsions were homogen-
ized in a homogenizer (Sanwa Kikai Co. Ltd., Shizuoka) using
180 L/ hr flow rate and 150 kg/ cm

2 of pressure, followed by cooling
to 15°C using an ice water bath.

Flour Sample
The flour was an untreated straight-grade flour milled from

a sample of No. 2 Canada Western Red Spring wheat of the
1990 crop year. Its protein (N X 5.7) and ash contents were 13.5
and 0.45%, respectively (14% mb). Protein and ash determinations
were made according to AACC (1983) methods 46-12 and 08-01,
respectively.

Yeast Sample
Compressed baker's yeast (Fleischmann's Yeast Ltd., Toronto,

ON) was used within one week of its receipt.

Dough Formulation
The dough formula was: 100% flour, 5% yeast, 4% sugar, 1.5%

salt, 10% shortening, 100 ppm ascorbic acid, and 59% water.
Concentrations are based on flour. In experiments with group
III shortening systems, the amount of each type of shortening
added was adjusted to a total fat level of 10%. The amount of
water added in the shortening emulsion was subtracted from the
water added to the dough.

Dough Mixing
A short-time dough mixing procedure described previously

(Inoue and Bushuk 1991) was used. For each batch, doughs con-
taining 200 g of flour were mixed in a GRL-200 mixer equipped
with a GRL energy input meter (Kilborn 1979). Doughs were
mixed just beyond the peak development, as indicated by themixing curve. Mixed doughs were divided into two 160-g pieces
and fermented for 20 min in a fermentation cabinet controlled
at 30°C and 90-95% rh. Each of the two fermented dough pieces
represented a single replicate for different treatments or tests.
Three replicate fermented dough pieces (from different dough
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batches) for each shortening system were molded on a GRL
sheeter-molder (Kilborn and Irvine 1963), panned, and then final-
proofed in the fermentation cabinet for 55 min. The height of
the proofed dough pieces was measured. The average height of
the three replicated doughs was subsequently used as the "stan-
dard" proofing height for the analogous frozen doughs. The
average standard proofing height over all shortening systems was
102 ± 1 mm. Loaves were baked at 218°C for 23 min. After
30 min of cooling, loaf volume was determined by rapeseed
displacement.

Preparation of Frozen Doughs
Dough pieces were frozen at -20° C immediately after molding

and stored at -20°C. After one day, three dough pieces for each
shortening system were thawed at -20 C for -15 hr, panned,
and final-proofed to the standard proofing height. This procedure
was repeated after four and 10 weeks of frozen storage. The
average proof time for three replicate dough pieces was recorded
as the final proof time for that treatment. After final proofing,
the doughs were baked, and loaf volumes were measured.

Extensigraph Procedure for Frozen Dough
The extensigraph procedure described previously (Inoue and

Bushuk 1991) was used, with some minor modifications. Dough
pieces (160 g) (same weight as in baking) were molded into 16.0
cm long cylinders and clamped into the modified dough holder
(Kilborn and Preston 1982). The test pieces were proofed in the
fermentation cabinet (55 min for nonfrozen doughs and 80 min
for thawed doughs) and stretched using the straight stretching
bar. Nonfrozen and thawed doughs were at the same temperature
(300 C) after proofing. For each shortening system, average results
and standard deviations for three replicated dough pieces are
reported.

Gassing Power
Gassing power was measured as previously described (Inoue

and Bushuk 1992). Molded nonfrozen and thawed frozen doughs
were remixed in the GRL-200 mixer for 5 min at 90 rpm. During
the remixing, the mixing bowl temperature was controlled at 300
± 0.50 C. The remixed dough (30 g) was placed in a gassing power
pressure meter (calibrated in mm Hg) and allowed to ferment
for 90 min at 30°C (AACC method 22-13, 1983). Two replicated
samples were tested for each treatment.

Statistical Analysis
Analysis of variance using the general linear models procedure

with t-tests for treatment means comparison (SAS Institute, Cary,
NC) was used to evaluate the data.

RESULTS AND DISCUSSION

Data for the technological properties of doughs formulated
with different shortening systems and subjected to frozen storage
periods are presented graphically in Figures 1-6. Figures 1-3 show
the effect of different shortening systems for each frozen storage
period. Figures 4-6 show the effect of frozen storage period for
each shortening system.

Effect of Type of Oil
Final proof time of control (hydrogenated canola oil) formu-

lated doughs increased, and loaf volume decreased with increasing
frozen storage time (Fig. 1). Maximum extensigraph resistance
of the doughs also decreased, and extensibility increased slightly
(Fig. 2). Gassing power of the doughs did not change after one
day of storage but decreased significantly after four and 10 weeks
(Fig. 3). These results are generally consistent with the results
of a previous studies (Inoue and Bushuk 1992, Inoue et al 1994)
in which a lean dough formulation (1.5% of shortening) was used.
However, changes in the baking and rheological properties of
the doughs observed in this study are smaller than those observed
in the previous studies. It appears that the higher shortening
content (10%) used in this study protected the dough structure,




