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Characteristics of Bread and Buns Made with Lard and Vegetable 
Oils of Different Iodine Values 
Basil S. Kamel* 
Atkemix Inc., Brantford, Ontario, Canada N3T 5K9 

A good-quality white loaf of bread or rolls can be baked 
by substituting liquid vegetable oil (canola, soya and palm) 
for the standard shortening, Le. lard, tallow or partially 
hydrogenated vegetable shortening. Canola oil and soya 
oil produced lower specific volumes of 5.56 and 5.55 cm31g 
and higher softness indices when used with mono- and 
diglycerides only. Palm oil and lard produced specific 
volumes of 6.33 and 6.15 cm31g and lower softness indices 
with mono- and diglycerides. When a blend of surfactants 
consisting of mono- and diglycerides and sodium stearyl 
lactylate {SSL} was used at 0.5% of flour weight, palm, 
canola, lard and soya gave comparable results in specific 
volume and compressibility. Rolls baked with the same fats 
and oils, and addition of ethoxylated stearic acid (MYRJ 
45H) or a blend of MYRJ 45H and SSL, all gave good 
specific volumes ranging from 6.92 to 7.27 cm3/g and a 
softness index range of 0.71-0.86 and 0.68-0.86 after 48 and 
96 h of storage. When a proper surfactant is used, good- 
quality bread and rolls can be baked with liquid vegetable 
oil. Furthermore, the usage level of liquid oil can be cut 
by approYimately 30% in comparison to lard or shorten- 
ing while still maintaining quality. 
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Recent trends in the baking industry have been to replace 
lard, tallow and hydrogenated shortening with liquid veg- 
etable oils or a mixture of oils and surfactants (1-5). Many 
reasons are attributed to this continuing trend including 
health, nutritional considerations, availability, cost, bulk 
handling and storag~ labelling, and reduced usage Possi- 
ble disadvantages of liquid oils in bread formulations include 
slow proof time poor oven spring, open grain, dull crumb, 
weak side walls, and low loaf volume These effects can be 
corrected by the addition of proper surfactants (2,4). 

The importance of fats and oils as baking ingredients 
varies with the bakery product. The addition of fat is op- 
tional in certain bread types, such as Arabic pita bread, 
Chinese steam bread, chapattL and flat Iranian brea& In 
other bread varietie~ fat is added at levels ranging from 2% 
to 8%. Different fats and oils are added to baked goods to 
produce improved volume soft texture uniform cell struc- 
ture tenderizing effect upon the crumb and crust, im- 
proved shelf life and to facilitate dough handling and pro- 
cessing. Fat and protein also act as emulsifiers for the gas 
bubbles. This will enhance dough shortening by the incor~ 
poration of air, and these attributes may be reinforced by 
added surfactant. Fats also increase the caloric value 
enhance flavors of the products and stabilize cake batters. 

This study was undertaken (i) to determine if fats and oils 
of varying iodine values have any effect on the characte~ 
istics of white loaf and rolls; (ii) to determine the type of 
surfactant or surfactant blend needed to improve the func- 
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tionality of fats and oils; and (iii) to evaluate the effect of 
fats and otis on the shelf life of bread and rolls. 

MATERIALS AND METHODS 

Bread baking. A commercially milled bread wheat flour 
Harvest Queen (Ogilvie Mills, Montreal, Canada), with 
13.7% protein, 12.1% moisture, and 63.3% Farinograph 
water absorption, was used in baking the loaves. All other 
ingredients were purchased locally. A standard dough fo~ 
mulation, shown in Table 1, was used. All ingredients were 
mixed in a Hobart mixer for 1 rain at the low speed (set- 
ting 1), for 1 min at the medium speed (setting 2), and 
finally, for 8 min at the high speed (setting 3). After a 
6-rain rest, the dough was scaled to 519 g, rounded, and 
given another 9-rain rest at room temperature. Rested 
dough was sheeted and molded on an ACME ReUsheeter 
{McLean and Son, Pico Rivera, CA). Molded pieces were 
placed in lightly greased bread pans (24 X 11.5 X 7 cm) 
and proofed at 34°C and 90% relative humidity for 65 min. 
This was the time required by the control (without any 
surfactant) to reach a height of 3 cm above the edge of 
the baking pan. The loaves were baked for 20 min at 215°C 
in a rotary-rack oven. Duplicates of each treatment were 
baked, each consisting of six loaves. 

Rolls baking. The same flour used in bread was used 
in rolls baking. The formula used is shown in Table 1. All 
ingredients were mixed, at medium speed (setting 2) for 
15 min in a Hobart mixer. The dough was proofed for 20 
min, scaled to 80 g, hand-rounded, and given another 
10-rain rest at room temperature. Rested dough was 
sheeted and placed in greased roils pans and proofed at 
35 °C and 90% relative humidity for 55 min. The rolls were 
baked for 15 min at 165 °C in a rotary-rack oven: triplicate 
bakes for each treatment, each batch consisting of 12 rolls. 

Surfactants. Four commercially available surfactants 
were used in the baking formula: ATMUL 500 (a mono- 
and diglyceride 54% rain alpha monoglyceride), ATMUL 
P-44 [a powder combination of mono- and diglyceride and 
sodium stearyl lactylate (SSL)], MYRJ 45H (a hydrate of 
polyoxyethylene 8 stearate) and ATLAS S-45 (a hydrate 
of polyoxyethylene 8 stearate and SSL) were all obtained 
from ICI-Canada, Toront~ Ontari~ Canada. The approx- 
imate Hydrophilic-Lipophilic Balance (HLB) values of the 
above emulsifiers are approximately 3.5, 7.5, 11.1 and 11.5, 
respectively. 

Regulation. Mono- and diglycerides are G.R.A.S. (Gener- 
ally Recognized As Safe) materials and used extensively 
in bakery products. SSL is allowed in Canada at 0.375% 
and up to 0.5% of flour weight in the United States. 
MYRJ 45 is not allowed in bakery products in the United 
States but is allowed in Canada in unstandardized bakery 
products at 0.4%. The maximum allowed level of ATMUL 
P-44 in Canada is 0.55% of flour weight. 

Physical properties. The breads and rolls were allowed 
to cool for 1 h, weighed and tested for volume by rapeseed 
displacement. The specific volumes were then calculated. 
Moisture was determined on a composite sample from one 
loaf per treatment by the oven drying method at 105°C 
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TABLE 1 

White Loaf and Roll Formulations 

Baker % 
Ingredient Rolls Bread 
Flour 100 100 
Water 62.0 66.0 
Compressed 
yeast 3.0 2.0 

Yeast food 0.5 0.5 
Sucrose 5.0 4.0 
Nonfat dry 
milk solids -- 4.0 

Salt 1.5 2.0 
Fat/off 4.0 3.0 
Calcium 
propionate 0.2 0.2 

Surfactant 0.8 0.5 
Fresh eggs 4.2 -- 

overnight. The remaining loaves and rolls were double- 
wrapped in polyethylene bags and stored at 23 ± I°C until 
used. The loaves and rolls were sliced into 12-mm thick 
slices. The end slices in the loaves were discarded. The 
compression measurements on two loaves and 12 rolls per 
t rea tment  were obtained with the baker compressimeter 
(F. Watkins Corp., Caldwell, NJ). A plunger diameter  of 
36 mm was used according to the procedure of AACC 
method 74-10 (6). The force was recorded at  3.0 mm com- 
pression (25% deformation). One measurement  per slice 
was obtained from the center of the slice. 

The retarding effect of the surfactants  on the firming 
rate of the tested breads and rolls was expressed in terms 
of a softness index, which was calculated as a ratio be- 
tween the compression force recorded for the emulsifier- 
t reated bread and the control at the same period of stor- 
age. 

RESULTS AND DISCUSSION 

The iodine value and typical fa t ty  acid composition of the 
lard and oils used in bread and rolls baking is shown in 
Table 2. Lard contains high C18:1 and C16:0 and has the 
highest  level of C18:0. Canola oil is dominated by C18:1 
and C18:2. Soya oil has the most  C18:2 while palm oil is 
dominated by C16:0 and C18:0. Soya and canola bo th  con- 
tain 8% of C18:3. These differences in fa t ty  acid composi- 
tion affect the liquid-to-solid fat ratio of the individual fat  
and off. This ratio is approximately 70:30 for lard. Positive 
relationship between solid fat  index and baking perfor- 
mance was reported by Pomeranz et  aL (7). They also re- 
ported that  bet ter  dough strengthening is obtained when 
fats  and oils with a higher melt ing point  are used. The 
addition of nonpolar  lipids damages the bread qual i ty of 
defat ted flour while the addition of polar lipids increases 
loaf volume and improves texture  (7-9). 

The utilization of various fats and oils and ofl/surfac- 
t an t  blends, and their mechanism in baked goods were 
reported by other workers (2,4,5,10,11). These authors con- 
cluded that  surfactants are effective additives in overcom- 
ing the negative effects of vegetable oils in yeast-raised 
baked goods. 

White bread was baked with lard and different vegetable 
otis, with two types of surfactants, and compared to a lard- 
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BUNS MADE WITH LARD AND OILS 

TABLE 2 

Composition of the Fats and Oils Used in Baking Formulation 

Fatty acid 
Fats and oils I.V. a C16:0 C18:0 C18:1 C18:2 C18:3 
Lard 64.4 24 16 47 9 0.3 
Palm oil 51.4 46 5 39 9 0.5 
Soya oil 135.5 11 4 23 54 8 
Canola oil 

(rapeseed) 118.1 4 3 63 20 8 

aI.V. = iodine value. 

based control containing no surfactant.  The data  showed 
tha t  differences occur. Canola oil and soya off, with addi- 
t ion of mono- and diglycerid~ produced lower specific 
volumes of 5.56 and 5.55 cm3/g in comparison to the lard 
control with no surfactant,  which produced a specific 
volume of 5.99 cm3/g. Palm and lard, with the mono- and 
diglyceride, gave 6.33 and 6.15 cm3/g. Softness index 
after 24, 96 and 168 h of storage showed tha t  canola and 
soya gave the highest values, while palm and lard pro- 
duced softer bread. When a combination of surfactants  
consist ing of monoglycerides and SSL was used, canola 
and soya gave bet ter  specific volumes than palm and lard. 
Softness indices were similar but  generally softer than the 
sets of bread made with the same oil bu t  with the mono- 
and diglyceride as emulsifier {Table 3). 

The rolls baked with the same fats and oils performed 
differently from the bread. Different sets of surfactants  
were used and consisted of e thoxylated stearic acid 
(MYRJ 45) and a combination of MYRJ 45 and SSL. The 
vegetable oils and lard with both surfactants gave similar 
specific volumes in the range of 6.92-7.27 cm3/g, which 
was higher than the control. Compressibility and softness 
indices, after 48 and 96 h of storage, were generally the 
same {Table 4). 

H a r t n e t t  and Thalheimer (2) reported tha t  bread bak- 
ed with soya oil produced lower specific volume than bread 
made with equivalent levels of lard. The final bread quality 
was also poor when lard, soya oil and cot tonseed oil were 
used at  2-3% of flour. With a surfactant  consisting of 
mon~ and diglyceride and polysorbate 60, superior results 
were achieved. 

Bruinsma and Finney (4) screened eleven different 
vegetable oils and three oil/surfactant blends in bread bak- 
ing at  2% oil level. The bread volume for all oils remained 
low, but  improved when the level was increased to 6%. The 
ofl/surfactant blend, at  the 2% level, performed better. All 
eleven otis, with the physical addition of 0.2-0.3% SSL 
and diactyl  tar tar ic  acid ester of mono- and diglyceride 
(DATEM) to the dough, improved results and satisfactory 
volumes were obtained. 

Pomeranz et  aL (12) showed tha t  glycolipids are more 
beneficial than  phospholipids, shortening, fat  or a com- 
bination of vegetable oil and emulsifier, and are essential 
ingredients in breadmaking. They also concluded tha t  
corn oil or soybean oil a t  2% can replace shortening in 
s team bread with comparable results. Addition of 
0.1-0.2% surfactant  improved softness and was superior 
to shortening alone. 

The antif irming characteristics of surfactants  were at- 
t r ibuted to their ability to form soluble helical complexes 
with amylos~ and to its limited interaction with amylopec- 
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TABLE 3 

Characteristics of White Loaf Made with Different Fats  and Oils a 

Specific 
Type of volume 

Surfactant fat (cm3/g) 24 96 

Storage time (h) 

168 96 168 

Compressibility (g force) Softness index 

ATMUL 500 Palm 6.33 80 134 207 0.83 0.78 
ATMUL 500 Canola 5.56 106 155 237 0.97 0.90 
ATMUL 500 Lard 6.15 74 117 184 0.73 0.70 
ATMUL 500 Soya 5.55 104 160 230 0.99 0.87 

ATMUL P44 Palm 6.31 72 116 177 0.72 0.67 
ATMUL P44 Canola 6.57 68 105 167 0.65 0.63 
ATMUL P44 Lard 6.24 72 108 157 0.67 0.59 
ATMUL P44 Soya 6.46 70 105 154 0.66 0.58 

Control b Lard 5.99 93 160 264 1.0 1.0 

aThe moisture content of the loaves ranged between 37.5-38.5%. 
bThe control conta/ns no emulsifier. 

TABLE 4 

Characteristics of Rolls Made with Different Fats  and Oils 

Specific 
Type of Moisture volume 

Surfactant fat (%) (cm3/g) 24 
Storage time (h) 

48 96 48 96 

MYRJ 45H Palm 32.1 7.03 79 
MYRJ 45H Canola 31.7 6.95 83 
MYRJ 45H Lard 31.3 6.92 89 
MYRJ 45H Soya 32.5 7.06 74 

ATLAS $45 Palm 33.1 6.93 85 
ATLAS $45 Canola 32.1 6.97 85 
ATLAS $45 Lard 32.7 7.18 83 
ATLAS $45 Soya 31.5 7.27 80 

Control a Lard 32.4 6.63 108 

Compressibility(g force) So~nessindex 

116 199 0.71 0.72 
124 186 0.76 0.68 
137 207 0.84 0.75 
125 171 0.76 0.62 

141 236 0.86 0.86 
119 197 0.72 0.72 
124 208 0.76 0.76 
119 189 0.72 0.69 

164 275 1.0 1.0 

aThe control contains no emulsifier. 

t in.  D o u g h  s t r e n g t h e n i n g  is a l so  p r o d u c e d  b y  complexa -  
t ion  w i t h  p ro t e in s  (13). The  d i f fe ren t  t y p e s  of s u r f a c t a n t s  
v a r y  in t hese  in te rac t ions .  J u n g e  e t  al. (11) found  t h a t  sur- 
f a c t a n t s  t h a t  improve  g r a i n  d id  n o t  s i g n i f i c a n t l y  a l t e r  
d o u g h  dens i t i es ,  b u t  s u r f a c t a n t s  t h a t  improve  g r a i n  al- 
lowed more  a n d  s m a l l e r  cel ls  to  fo rm  d u r i n g  t h e  m i x i n g  
s t age  t h a n  d id  non improv ing  sur fac tan ts .  M i x t u r e s  of s tm  
f a c t a n t s  i m p r o v e d  b o t h  vo lume  a n d  gra in .  

The  t r e n d  of r e p l a c i n g  p l a s t i c  f a t s  (lard, tal low, hydro-  
g e n a t e d  vege t ab l e  shor ten ing)  in b a k e d  goods  w i t h  l iquid  
vege tab le  oil will con t inue  in t he  f u t u r e  due  to  t he  increase  
in a u t o m a t e d  ope ra t ions ,  wh ich  requ i re  b u l k  h a n d l i n g  of 
i ng red i en t s  to  m a i n t a i n  p roduc t i on  speed  a n d  reduce  cost .  
A one - th i rd  r e d u c t i o n  in  t o t a l  f a t  c a n  a lso  be  a t t a i n e d  b y  
sw i t ch ing  f rom p l a s t i c  sho r t en ing  to  l iquid  oil. Th is  is due  
to  t h e  fac t  t h a t  l a rd  is  c o m p r i s e d  of  30% sol id  f rac t ion .  
I f  a s u b s t i t u t i o n  was  m a d e  w i t h  v e g e t a b l e  oil  only, t h e  
l iqu id  f r ac t ion  of  t h e  f a t  s h o u l d  be  rep laced ,  wh ich  repre-  
s e n t s  70%. The  se l ec t ion  of  t h e  p r o p e r  s u r f a c t a n t  or  sur-  
f a c t a n t  blend,  a n d  i t s  u s a g e  level, wil l  a l so  p l a y  a s ignif i -  
c a n t  a n d  i m p o r t a n t  rol l  in o b t a i n i n g  g o o d - q u a l i t y  b read .  
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