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ABSTRACT

Adding 0.5 g. sucroglycerides per 100 g. flour increated water absorption and
maximum hot-paste viscosity; it had no significant effects on inixing tinie, mixing
tolerance, or extensibility chr- cteristics, The sucrocsters counteracled tis
deleterious effects of up to 165 soy producis on loaf volume. ine inynoving
cffect of 0.5% sucroglycerides was equal to, or better than, the effect of 3.0%
commercial vegetable shortcning. The effect of sucroesters increased with increase
in hydrophilic-lipophilic balance (i.e., with dezrease in number and chain lengths
of fatty acids attached to the sucrose molecuale).In addition to ircreesing Ioaf
volume, sucroestess substantially improved crumb grain and sofiness. Largest
improvement was obtained by adding 0.57 free polar flour lipids, rich in
glycolirids. Improvement of frec polur flou: lipids was obwerved buth in the
control and in soy-containing breads; the sucrcesters rendered soy proteins
functional in breadmaking.

Previous studics have shown that small amounts of polar witcat flow lipids
Sstntially improve loaf volume, crumb griin, and freshness retention of bread
.2). Preliminary investigations indicated tha the improvement was due mainly to

- wvolipids (3). Synthetic glycolipids arc avail1ble commercially. Sucrose esters or
+ :toglycerides are synthesized by esterification of fatty acids or natural glycerides
vth sucrose, They were originally designed to provide nonionic surfactanis that
n be easily broken down, and to el nate problems of extremely low
* degradation in the disposal of sewage conta.ning commonly used detergents. The
> wedure for preparing sucrose monoesters o fatty acids was described by Osipow
: 4 Rosenblatt (4) and in a patent by Haas et 1. (5).

Audidier and LaPape (6) studied the efects of several sucroglycerides on
“ological properties of dough and starch pistes. Gluten hydration was slightly
“wuced when 5.0% of sucroglycerides of palm oil was added to a dough.
=latinization of starch was slowed when dough containing sucroglycerides was
“ited. Including sucroglycerides in dough i roved handling properties, volume,
- Lover-all quality of baked products (7).

The use of soy flour and soy meal for cdinle purposes in the United States is
“mated at 200 million 1b. per year. The luigest use of soy flour in the United
‘Zesis about 50 million Ib. for baked products (8,9). Despite increased interest in,
“i use of, soybean products in hreadmaking, the volume of soy protein-enriched
"fld is relatively small. Acceptance of soy pruducts as a bread ingredient has been
“HMively limited, because of functional disadvantages and because soy flours were
: uniform in early stages of development (10). High consumptior, acceplability,
** low price make bread an ideal vehicle fo- protein supplementation. For that
"-¢ntial to be realized, however, the supplement must be cconomical and uniform.
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It 1nust not change the breadmaking properties of the dough. It must require little
adjustment in formula. It should not alter or impair the quality of bread (1 1).

This paper summarizes studies of uffects of synthetic sucroglycerides on quality
of soy-enriched breads. The improving effects of synthetic glycolipids are compared
with the effects of commercial shortening and of polar wheat flour lipids, rich in
galactolipids. ‘

MATERIALS AND METHODS
Flour Samples ) :
Most of the experiments were made with an untreated flour, experimentally

milled on an Allis mill from a composite grist of several wheat varieties grown at
several locations throughout the Great Plains. This flour is designated RBS
(Regional Baking Standard). In addi:ion, three wheat samples grown in 1965 were
milled at an extraction of about 70% cn a Miag Multomat. The wheat samples were
composited by variety from equal portions of wheat, as described previously for
samples from the 1963 crop (12). Some chemical and breadmaking characteris!ics
of the flours (baked by the basic corrplete formula) are summarized in Table 1.

Lipids

The shortening used was a commercial product of vegetable origin, partly
hydrogenated, m.p. 41°C. Free polar flour lipids were obtained by fractionating
free lipids (petroleum ether-extracted) by silicic acid column chromatography (13).
Natural lecithin and nine commercially available sucroglycerides were studizd.
Palmitic acid, glycerol monopzlmitate, glycerol dipalmitate, and glycerol
tripalmitate were of analytical grade.

Soy Flours
Seven samples of soy flour from three manufacturers in the United States were

selected to represent variations in chemical composition, particle size, and
heat-treatment—variations believed to be typical of products marketed for use in
the bread-baking industry. The coniposition and characteristics of the soy samples
are given in Table IL.

Analytical Determinations
Moisture, ash, and Kjeldahl protein were determined by the AACC method ( 14)

Percent nitrogen vas converted to percent protein with the factor 5.7 in waed!
flour, and with the factor 6.25 in soy samples.

TABLE I. SOME CHEMICAL AND BREADMAKING

- CHARACTERISTICS OF FLOURS (14% Molsture Basis)
Baklng Bromate .
Absorp- Mixing Require- Loaf Crurrs
Flour Protein Ash tion Time nent Volume  G'*
N x 8.7% % % min, p.p.m, ce.
RBS 12.9 0.40 60,7 3-1/2 30 963 5
Comanche 12.7 0.42 64.2 3.6/8 16 919 s
Thatcher 13.0 0.54 64.3 3.1/4 20 922 $
Seneca 8.5 0.39 64.2 3 10 740 0s
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TABLE N. CHEMICAL AND PHYSICAL PROPERTIES OF SOY SAMPLES®
- Water-
Disper- ~
+3v Sample and Perticle sible ;
«egt Trestment Sizeb Protein Protein Fat Remarks
6.25
N x,‘ %
A Slightly toasted thru 100 80 70 2 1,.76% Lecithin,
chemically trestad
t Tossted thru 14 80 20 <1
: Toasted thru 100 80 20 <1
3 Toastsd thru 100 50 20 <)
. thru 100 70 s Deflavored, 70%
protein
L thru 100 90 . <1 Isolated soy
protein
. thru 100 88 80 <3 Sodium soy
' proteinate
NVenufacturer's data; expressed on "‘as-received’” moisture basis, which varied from 6 to 10%,
"\lesh per in. .
deological Properties

Mixograms were determined with 35.0 8. flour aad optimum water absorption
15). Farinograms and extensigrams were obtained by the procedure described by

vllegas et al, (16). The

nscosity (14).

Feadmaking

amylograph was used to record changes in hot-paste

The breadmaking formula included 100 g flour. 1.5 g. salt, 2 g. yeast, 4 g
'FDM, 6 g. sucrose, 0.50 g. 60°L. malt syrup, 3 g. shortening, water as needed,

*d optirwm potassium bromate (17,18),

except for these changes: In all

perimental baking with soy products, NFDM was replaced by 4 to 32 g. soy
voducts. Similarly, shortening was replaced by, or stpplemented with, 0.25 g. to
00 g. polar lipids in some experimental baking tests. An optimum mixing time
ith the straight-dough procedure and a 3-hr. fermentation time at 30°C. were
“ployed. Punching and panning were performed mechanically. Baking time was
! min. at 218°C. Baking tests were replicated at least twice. A third replicate was
dde when loaf volumes differed by more than 25 cc. Average loaf-volume

fferences of 20 cc. were significant at

the 0.05 level. Loaf volumes were

'ermined by dwarf rapeseed displacement immediately after the bread was taken
om the oven. After cooling, the loaves were cut and their crumb grain and texture
uated. This code was employed: S, satisfactorv: Q, questionable; and U,
‘atisfactory. Crumb compressibility was mecsured with a compressimeter. The
‘nger, 25 mm. in diameter, was depressed 4 mm. into the bread crumb after the
‘St was removed. The weight in 8- required to depress the plunger was taken as

“ipressibility parameter.

Compressibility was measured on bread crumb from

iPped and sealed loaves, stored at room temperature (about 25°C.), for 24 or 48

RESULTS AND DISCUSSION

wtg of Lipids on Rheological Douch Properties
Wnter-absorption of dough containing 3% shortening was lower than of dough
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TABLE I1l. LOAF VOLUME AND CRUMB GRAIN OF BREAD
BAKED FROM RBS FLOUR WITH SOY FLOURD

Soy Flour Sucrose Potassium Loaf. Crumb
Level Shortening Tallowate Bromate Volume Grain
g g. a. p.p.m. cc.
16 860 Qs
1.0 15 890 s
2.0 16 200 ]
3.0 16 393 S
0,26 16 ) 893 [
0.60 - 16 800 s
4 35 820 V)
8 50 717 ]
4 1,0 356 883 Qs
4 3, 35 898 Qs
'8 1.0 60 878 Qv
8 o ¢ 60 918 Qs
q 0.26 356 915 QS
4 0.60 356 918 Q-S
8 0.25 60 878 Q-u
8 0.50 50 945 Q-5

containing no added lipids. Adding 0.5% polar lipids increased water-absorption of
the dough about 1.0%, and adding 0.5% sucroesters increascd absorption up to
1.5%. A similar increase was observed in farinograph water-absorption. Adding 03
2. (per 100 . flour) sucroesters had no sigrificant effect on mixing time or mixing
tolerance. Similarly, extensimeter parameters (extensibility and resistarce e
stretching) were aficcted very little. Sucrocsters had little effect on temperature of
hot paste peak viscosity; the peak height was, however, increased substantially.
Maximum amylograph viscosity of 590 B.U. in the control was increased to 750
780, and 860 B.U. by adding, respectively, 1).5 g. of sucrose monopalmitate, sucrox
monostearatc, or sucrose monolaurate.

Improving Soy Flours with Sucroesters

Adding, per 100 g. flour, 1.0 g. shortening or 0,25 g. sucrose tallowate increase:
loaf volume and improved crumb grain of bread; higher levels of lipids had r:
additional improving effect in bread baked without soy flour (Table III). Adds.
soy flour decreased loat volume; the decrzase was greater when 8 g. soy flour w.
added than when 4 g. was added. To co nteract the deleterious effect of 4 g. s
flour, 1 g. shortening or 0.25 g. sucroglyceride was added. At the level of 8g.¢°
flour, 3 . shortcning or 0.50 g. sucroglyceride increased loaf volume -
soy-enriched bread above that of the control containing no soy flour; the incre:-
from adding 0.5 g. suctoglyceride was greater than from adding 3.0 g. shortening.

Different Soy Flours and Bread Quality

Table 1V gives a comparison of the improving effects on loafl volume and cr”
grain of 3 g. shortening and 0.5 g. sucrose tallcwate in bread containing 8 g. (7
100 g. flour) of the seven soy products. The soy flours varied considerabls
effects or loaf volume and crumb grain. All soy flours decreased Joaf volum:
bread baked without shortening or sucrose tallowate. Bread baked with
chervically treated soy flour A, which contained 1.75% lecithin, had consisten
the targest and generally the best loave . Soy flour A was better than the tod’
and chemically unmodified soy flour D from the same manufacturer. Soy flow
and C were from the same manufacturer and varied only in particle size. The ¢¢-
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TABLE IV. LOAF VOLUME AND CRUMB GRAIN OF BREAD
BAKED AT OPTIMUM BROMATE LEVEL WITH 8 g. OF SEVEN
SOY PRODUCTS PER 100 9. RBS FLOUR

With 0,6%
With 3% Sucroso
Control Shortening Ta.lowale
Soy Loaf Crumb Loaf Crumb Loaf Crumb
Product Vo|é1crno Grain Voétému Grain VOLL"_""") Grain
“"None 860 Qs 893 S 894 5
A 766 Q 033 S 963 Qs
8 723 Q 860 Q-s 858 Q
[ 658 v 833 Q 850 Q
D 717 ¥} 218 Q-s 945 Q-s
E 680 Q-u 735 Q-v 813 Q
F 673 Q-vu 798 Q 825 Q-S
a 618 Q-uU 805 Q-8 835 Q-s

qoduct, B, was better than the finely pulverized soy flour, C, particulurly for the
:ontrols. Loaf volumes of bread buked with the three say protein conceitrates and
.olates were substantially improved by either shortenine or sucrose taliowate. Yet
::¢ loaf volumes were substantially lower than those of" bread containin: &7% of soy
our, The results indicate that removing nonprotein soy tlour coniponents does not
:;minate the loaf volume-depressing effect of soy flour. On the other hund, added
-t an 8% level, the soy isolates or concentrates increased protein contents up to
wice as much as did adding regular soy flour. The improvement from adding the
ucroglyceride was substantially greater than from adding shortening to doughs
:ontaining any of the six fincly ground sov fiours. The improvement in bread baked
«ith the coarse soy product, B, was tane sume whether shortening or sucrose
Zyceride was added.

Lipid Composition and Soy Flour Improvement

Table V compares effects on loaf volum? and crumb grain of adding 0.5 g. (per
100 g. flour) of various lipids to bread baked with 8 g. soy flour A. Free polar flour
pids improved bread most; the loaf volume of bread baked with 0.5 g. polar flour
pids and 8 g. soy flour was substantialiy higher (1,015 cc.) than that of bread
*iked with 3 g. shortening and 4 g. NFDM (953 cc., Table I) or with 3 g. shortening
sd 8 g. soy flour (933 cc., Table V). Ledithin had a significant, though relatively
nall, improving effect. The sucroglycerides investigated affected the results
ansistently and significantly. The impreving effect was greater with fewer and
ater chain lengths of fatty acids attached to the sucrose molecule; i.e., with
igher hydrophilic-lipophilic balance. )

Palmitic acid, glycerol monopalmitatz, glycerol dipalmitate, and glycerol
zipalmitate had little or no improving cffcct, which indicates that a combination
“stween the polar character of sugar polyols and the lipophilic contribution of the
-iphatic chains of fatty acids is essential,

Whereas in soy-containing bread sucroglycerides with short-chain fatty acids
wreased loaf volume more than sucroglycerides with long-chain fatty acids (Table
‘), no such effect was noted in bread baked without addzd soy flour (Vable VI).
-he sucroesters generally increased loaf volume of biced baked without soy
“oducts as much as vegetable shortening, which scems to point to the possibility of
1 improvement rclated to physic:l propertics rather than to chemical
-aracteristics of the added lipids. in soy-enriched bread, the sucroesters seem to
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TABLE V. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED
AT OPTIMUM BROMATE LEVEL WITH 8 g. SOY FLOUR A PER
100 g. RBS FLOUR, VARIOUS LIPIDS, AND LIPID DERIVATIVES

Lipid Lipid Loaf Crumu
Description Level Volume Grais
9. cc,
None None 766 Q-u
Shortening 3.0 933 Qs
Polar flour 0.5 1,016 [
Lecithin 0.5 873 Q
Sucroesters :
Monolaurate 0.5 997 Qs
Sesquilaurate 0.6 270 Qs
Dilaurate 0.6 956 Qs
Monopalmitate 0.6 ) 966 Q-§
Dipalmitate 0.5 840 Q
Monostearate 0.8 916 Qs
Sesquistearate 0.8 8563 Q
Tristearste 0.8 798 Q

Lipid derivatives

Paimitic acld 0.6 778 Q-u
Blycerol monopalmitate 0.5 8156 Qv
Glycerol dipalmitate 0.6 805 Q.u
Glycero! tripalmitate 0.6 765 Q

interact with the soy proteins, so they are functional in breadmaking. That
hypothesis is currently being investigated.

The results (summarized in Tables V and VI) also point to a difference between
the effects of free polar wheat flour lipids and synthetic sucroglycerides. Whereas
certain synthetic sucroesters were comparable in their improving effects to the flour
lipids in bread baked with soy flours (Table V), there was a large difference in bread
baked without soy flour (Table V1). Bread containing no soy flour had substantially
higher volume when baked with 0.5% pclar flour lipids (922 cc.) than when baked
with 0.5% sucroesters (865 to 905 cc.) or with 3.0% commercial vegetable
shortening (893 cc.). It seems, therefore, that polar wheat flour lipids have an
improving action in addition to, and abave, that made by the synthetk
sucroglycerides.

Table VII summarizes the effects of 8% soy flour C on loaf volume and crun:t
grain of bread baked from three v:heat fiours. Of the four soy flours (A through D!
described n Table 1V, the soy flour used in this series of baking experiments v
the moust hiarmeu! to breadmaking. Yet, in each case, after 0.5 g. of free polar whed!
flour lipids was added, the loaf volume of bread baked with 8 g. soy flour was equa:

TABLE VI. LOAF VOLUME AND CRUNMB GRAIN OF BREAD BAKED
FROM 100 g. RBS FLOUR AT OPTIMUM BROMATE LEVEL WITH VARIOUS LIPIDS

R

Lipld ~. Lipld Loaf Crw
Description Level Volums G
g ce. .
860 oS
Shortening 3.0 893 g. av
Polar flour ., 08 992 '
Sucroesturs s
Monolaurate 0.8 868, $
Monopaimitate 0.8 808*

Monostoarate 0.8 895
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TABLE Vil. LOAF VOLUME AND CRUMB GRAIN OF
BREAD BAKED AT OPTIMUM BROMATE LEVEL FROM THREE WHEAT
FLOURS WITH 8 9. OF SOY FLOUR C AND 3 g. SHORTENING OR
.5 POLAR LIPIDS PER 100 g. WHEAT FLOUE
a—

Comanche Thatcher Seneca
Loaf Crumb Loaf Crumb Loaf Crumb
qid Voégme Graln Volume Grain Volume Grain
s cc. cc.
ne 710 U 663 V] 663 [V}
> grtening 848 Q-s 853 Qs 695 Q
1atat flour 923 Qs 918 Q-s 730 Q
1,570%0 *
~gnolaurate 895 Qs 860 Q-s 683 Q-u
-gnopalmitate 860 Q-s 868 Q-s 713 Qs
.onostearate 865 Q-S 805 Q-8 705 Q

p—

, that of bread baked with 4 g. NFDM (Table I). Improvement was greatest when
s¢ polar wheat flour lipids were added; 0.5 g. synthetic sucroglycerides were
-nerally equal to 3.0 g. shortening.
. Table VIII summarizes the effects of 6 g. shortening and 2.0 g. sucrose
' -wnolaurate on bread baked with 16 or 32 g. soy flour A per 100 g. RBS flour. At
. th soy flour levels, loaf volume was improved much more by sucrose
! snolaurate than by cormmercial vegetable ¢ hortening. Loaf volume of bread baked
«th 16% soy flour A and 2% sucrose monolaurate was essentially equal to that of
-2ad baked by the complete formula without soy flour (953 cc., Table I). Adding
¢. short2ning in addition to 2 g. sucrost monolaurate had no additional effect.
-umb grain of bread baked with 2 g. sucrose monolaurate was substantially more
~:n than that of bread baked with 6 g. shortening.
Loaf volume of bread baked with 32% soy flour A was unaffected by addition
‘6 g. shortening, and only partially restored (compared with the control) by
-dition of 2 g. sucrose monolaurate. The r2sults indicate that at very high levels of
y flour and monolaurate, factors other than glycolipids limit loaf-volume
"/‘cntia].

.pids and Bread Compressibility
Effects of lipids on compressibility in biead baked with 8% soy flour and stored
t 24 hr. are summarized in Fig. 1. Loaf volume is negatively correlated with
ught required to depress the plunger intc bread crumb. Two regression lines can
_ :drawn: one for bread baked from the HRW Comanche and HRS Thatcher, and
r¢ for the SRW Seneca. The flours from the hard wheats contained substantially
wre protein (12.7 and 13.0%, Table I) than that from SRW wheat (8.5%). Crumb

’ .“.LE VIt LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED FROM 100 g. RBS FLOUR WITH
AND 32 g. OF SOY FLOUR A AND SHORTENING OR SUCROSE MONOLAURATE

——

Flour Sucrose Potassium Loat Crumb

nl Shortening Monolsurste Bromats volume Grain

1 3 [} 9 p.p.m. cc.

" 15 860 Qs
e 70 700 U

70 883 Qs
985 a8
“ 100 805 u
505 v
2 100 607 v
2 100 880 v

:
o o ol
~
]
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Fig. 1. Effects of 3.0 g. of shortening and 0.5 g. of certain polar lipids on loaf volume and
compressibility. (after 24 hr.) of bread baked ‘rom three wheat flours with 8 g. soy flour per
100 g. wheat flour: 1, control; 2, shortening; 3, wheat flour lipids; 4, sucrose monolaurate; 5,
sucrose monopalmitate; 6, sucrose monosteziat.

softness was improved most by adding 0 5% free polar flour lipids. Crumb of bread
baked with 0.5% synthetic glycolipids wus equal to or softer than bread baked with
3.0% commercial vegetable shortering. After 48 hr., softness decreased
proportionately for all samples.

CONTLUSIONS

The sucroesters seem to improve “read quality by rendering the soy proteit.
functional in breadmaking. Sucrocsters counteracted the loaf volume-depressir;
effects of the soy products. Mixing syatictic glycolipids with soy flours or addir;
glycolipids at the dough-mixing staze, thercfore, appears useful in producic,
nutritionally improved bread acceptable jo consumers,

The sucroesters appeur useful in manufactuirng bread low in the saturated fatty
acids in shortening, cr of proteinrich dictetic breads, which have been
recommended as cffective supplements o dicts to treat obesity (19). The effects of
sucroesters on quality-of bread baked with soy products scem to indicate that the
synthetic glycolipids mak: the nonceren! protcins functional in breadmaking. Tis
cffects of sucroesters on breadmaking potentislities of proieins from other sources
are reported in Part 1 of this series. The rcasons for differences in mechanism ar-
performunce in breadmaking of synthetic and natural wheat flour glycolipids a:2
being investigated,
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Improving Breadmaking Properties With Glycdlipids. t1. Improving
Various Protein-Enriched Products!

Y.POME RANZz, M. D. SHCGREN, and K. F. FINNEY:’, Crops Research Division, ARS, USDA
and Kansas Agricultural Experinent Stetion, Marhat.an

ABSTRACT

Bread was baked with 8 or 16 g. soy Rour, and 8 g. (per 100 g. wheat flour) defatted

cottonseed flour, fish protein concentrate, nonfat dry milk, expeller-extracted sesame
seed flour, wheat gluten, Gefatted wheat garm, air-fractionated protein-rich wheat flour,
or food-grade Torula yeast, All protein-rich additives substantially lowered loaf volume
and impaired crumb grain. Adding 3 g. shortening counteracted partly the deleterious
effects of 16 g. soy flour; hicher levels had no additional improving effect. Loaf volumes
were increased and crumb grain was improved by adding 1.0 to 6.0 g. sucrosc tallowate.
The loaf volume of bread containing 3.0 1o 6.0 g. sucrose tallowate was substantially
above that of the control containing no added soy flour, Highest levels of tallowate
increased mixing time aad impaired rhenlogical propertics. Small amounts (0.5 to 1.0g)
synthetic glycolipids and free lipids (rich ir glycolipids) from wheat flour and Briza
spicata improved volume and crumb grain of nutritionally improved bread as much as or
more than 3 g. shortening. Synthetic «lycolipids, but not shortening, rendered
commercial wheat gluten functional in breacmaking.

Previous siudies from our laboritory were concerned with improving
breadmaking propertics of soy products with glycolipids (1). Small amounts (0.25
to 2.0%) of synthetic sucroglycerides and polar wheat flour lipids (rich in
glycolipids) counteractzd the deleterivus effects of up to 16% of various soy
products on loaf volume, on crumb grain, and bread softress. The effects of
sucroglycerides increased with increase in hydrophilic-lipophilic balance; i.e., with
decrease in number and chain lengths of fatty acids attached to the sucrose
molecule. This report is concerned with the beneficial effects of wheat flour polar
lipids, lipids from Briza spicata secC. that are rich in glycolipids (2), and
sucroglycerides on production of bread nutritionally improved by severa
protein-rich products, including soy, cottonseed, sesame, wheat germ, wheat gluten.
an air-fractionated protein-rich fraction from wheat flour, fish, Torula yeast, and

NFDM.

.

MATERIALS AND METHODS
Flour Samples
Most of the experimicnts were made with an untreated flour, experimentall

milled on an Allis mill from a compozite grist of several wheat varieties grown &
several locations throughout the Great Plains. This flour is designated RB¢
(Regional Baking Standzrd). In addition, three wheat samples grown in 1965 weri
milled at an extraction of about 70% on a Miag Multomat. The wheat samples wer¢
composited from equal portions of wieat as described previously for samples fror
the 1962 crop (3). Some chemica! and breadmaking characteristics of the flou:
(baked by a formula including 4% milk solids and 3% shortening) are sunumarized r

Table I.

ICn-rmomtivc investipations betweca the Crons Research Divisicn, /\gricultural Resclr
Seyvice, 'Ls, Department of Acrvealtee, and the Kansas A cricultural Experiment Statx
Napb e o Ronsas, Anprowert My i), 1958, for rablication by the Dircetor as Statlon Ant.
No. 27, siention of a tranomers nte . mopict 1y produet, or scicntific equipment dees’
conglitu’e a guarantee or voarranty by toe USEORA and soes not imply its approval to+
exclusion of other products that may ai:o be uvailaole,

2l’rcfn‘ 1t adaress: National Barley and Malt Laboratory, ARS, USDA, Madison, Wiscons

ane*:'xrch Chemist, Rescarch Cercil Technow gist, and Research Chemist, respectist

Crops k crenrch Division, ARS, USDA,
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TABLE |, SOME CHEMICAL AND BREADMAKING CHARACTERISTICS?

OF FLOURS
Protein Baking Mixing Bromate Loaof Cru
Fiour (N 58 6.7} Ash Abs, Time Requirement Volume ’Gv’:le‘
% % % min, P.p.m, cc.,
8s 12.8 0.42 65.8 3-1/4 30 935 8
comanche 12,7 0.42 64,2 3-6/8 16 919 ]
Taatcher 13.0 0.54 64.3 3-1/4 20 022 [
#nocs 8.8 0.39 64.2 3 10 740 Qs

.

114% moisturo bosis,

Lipids

The shortcning used was a commercial product of vegetable origin, partly
‘ydrogenated, with m.p. of 41°C. Free polar flour’ lipids werc obtained b,
rctionating free lipids (petroleum ether-extracted) from the RBS flour by silicic
«id column chromatography (4). Free lipids were also obtaired by exhaustivs
extraction of seeds of B. spicata with petroleum ether. Bound lipids from the RB:
Tour and from B. spicata were ex‘racted with water-saturated butanol afte-
wetroleum ether extraction. The wheat flour contained 0.8% free lipids (a mixture
o1 0.6% nonpolar components eluted yrom the silicic acid column with chloroform,
and €.2% polar components eluted with methanol after the chloroform elution) and!
6% bound lipids. Extraction of B. spicata seeds gave 11.1% free and 1.4% bounc
pids. The two sucroglycerides, sucrose monolaurate and sucrose tallowate, werc
:ommercial products.

Protein Concentrates

Nine protein concentrates were used, Some chemical characteristics of the
soncentrates are given in Table I1. The soy flour used was a commercial, chemically
teated product that contained 1.75% lecithin and had a dispersibility index
-orresponding to 70%. Defatted cottorisced flour, fish protein concentrate, NFDM,
sxpeller-extracted sesame seed flour, v/heat gluten, and Torula yeast (food grade)
%ere commercial products. The wheat jerm used was a fresh, granular product. The
sheat germ was defatted by extraction with petroleum cther, ground to pass a
0-mesh sieve, and re-extracted with petroleum ether. The air-fractionated flour
*as prepared on a laboratory scale rom defatted (petroleum ether-cxtracted)
ratent flour that was commercially milled from a mixed grist of HRW wheat. The
riginal patent flour had a protein content of 10.3% und an ash content of 0.44%,

TABLE I, CHEMICAL COMPOSITION OF PROTEIN CONCENTRATES

—

Protain Petroleum
Concentrate Molsture Protein Ether Ext, Ash
% % % %
Soy flour 8.3 62.7 0.5 6.91
Cottonseed flour 4.7 63.1 3.9 6.48
FpC 2.8 69.7 0.2 21,08
itk powder 10.5 34.6 0.1 7.89
=5ame seed flour 8.8 46.1 5.6 1176
‘iheat gluten 7.8 67.0 06 0.89
"orula yeast 7.6 54.9 1.6 7.02
thect germ 11.0 30.0 0.2 8.18
ir-fractlonated
Sfour 8.8 27.0 1.3 0.78
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Fig. 1. ThinJayer chromatogram of lipids from wheat flour (1, 4, 5, and 8) and B. spicata
(2, 3, 6, and 7); tree lipids {1, 2, 5, and 6) #nd bound lipids (3, 4, 7, and 8). Spots 1 through 4
were developed with ch'oroform, 5 through 8 with chioroform-methanol-water {65:35:4).
Spots of 100 « lipids; visualized by charring with sulfuric acid; picture taken under ultraviolet
light. Tentatively identified as: A, mixture of hydrocarbons and steryl esters; B, triglycerides; C,

unresolved polar lipids; D, unreselved nonpolar lipids; E, digalactosyl diglycerida.

Analytical Determinations

Moisture, ash, crude fat, and Kjeldahl protein were determined by tie AACC
method (5). Percent nitrogen was convested to percent protein with the factor 5.7
in wheat products (including gluten) ar.d the factor 6.25 in protein concentrates.
Lipids were fractionated by thin-ayer chromatography (TLC) as described
elsewhere (4). The pure compounds used to identify lipid components included
trilinolein, phosphatidyl choline, phosphatidyl serine, phosphatidyl ethanolamine.
inonogalastosyl diglyceride, and digalictosyl diglyceride. The TLC of lipids in
wheat flour and in B..spicata in Fig. 1 shows that the latter contained substantial
amounts of digalactosyl diglyceride.

Breadmaking

The bwddmakmg formula included 100 g. flour, 1.5 g. salt, 2 g. yeast, 4 ¢
NEDM. 6 2. sucrose, 0.50 g. 60°L. malt syrup, 3 g. shortening, water as needed, and
optimum potassium bromate, except for these changes: In experimental bakin:
with pxouin concentrates, NFDM was replaced by 8 or 16 g. protein concentrate
Similaly, in some exparimental baking, shortening was omitted, added at vano‘d‘
levels, or «2placed by polar lipids. An optimum mmng time with tie straight- -dous’
pmm dure and a 3-hr. fermentation time at 30°C. were cmployed Panmng ané
punching vere performed mechanically B-kiny timz was 24 min. at 218°C. Bakit:
tests were replicated at least twice. Loaf volumes of bread haked from each who':
dougi mi.. were determined by dwarf rapesced displacement immediately after ﬂ
lm.ld was taken from the oven. After cooling, the loaves were cut and their crum>
grain and texture cvaluated. This couc was employed: S = satisfactory, Q:
question:*':, and U = unsatisfactory.
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+3BLE Ill. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED WITH 16 g. SOY FLOUR
#2R 100 g. RBS FLOUR) AND VARIOUS LEVELS OF SHORTENING OR SUCROSE TALLOWATE

a—

Lipid Loaf Crumb
Lo Level Volume Grain
g. cc.,
IS
676 u.
wortening 3 900 8-
: 6 8856 Qs
9 887 - Qs
<rose tallowate 1 875 Q
2 938 Q
3 993 S
4 1,030 S
] 1,100 S

RESULTS AND DISCUSSION

Effects of various levels of vegetable shortening and sucrose tallowate on loaf
volume and crumb grain of bread baked with 16 g. soy flour (per 100 g. RBS flour)
are summarized in Table III. Pictures of some loaves baked with 16 g. soy flour
adlone and with 4 g. sucrose tallowate are conpared with the control baked with 4 g,
milk solids and 3 g. shortening (Table I) in Fig. 2. Both shortening and sucrose
ullowate increased loaf volume and improved crumb grain; but, whereas high levels
of shortening (6 g. and 9 g.) were probably slightly detrimental, increasing the level
of sucrose tallowate to 6 g. per 100 g. flovr consistently increased loaf volume and
maintained satisfactory crumb grain at hizh levels of tallowate. Loaf volumes of
bread baked with 16 g. soy flour and 3 to 6 g. sucrose tallowate were substantially
higher (993 to 1,100 cz., Table III) than loaf volume of bread baked by the
complete formula without soy flour (935 cc., Table I). Increasing the level of
sucrose tallowate from O to 6 g. gradually lengthened mixing time from 4 to about
6.5 min. Doughs containing 6 g. sucrose tallowate were tough, short, and difficult
to handle. Crust color deepened significantly and consistently with increase in level
of sucrose tallowate.

8

.

v
\

%

.
e
.
PP 4

 CONTROL  *16 % SOY 416 % SOY
» . + 4% 6L
935 CC. 675 CC. 1030 CC.

Fig. 2. Bread baked from 100 g. RBS tlour. Left to right: with 4 g. milk powder and 3 g.
shortening; with 16 g. soy flour; and with 16 g. soy flour and 4 g. sucrosa tallowate.
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TABLE 1V. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED WITH 8 g. SOY FLOL
ORB8g. COTTONSEED FLOUR AND VARIGUS LIPIDS (PER 100 g, RBS FLOUR)

* Lipid . Lipid Loaf Crumb
Source Level Volume Graln
g cc.,
Soy f!
None , ey flour 766 Q
Shortening 3.0 870 S
Sucross tallowate 0.6 . 916 S
B. spicata 0.6 883 S
' Cottonseed fiour
None : 733 Q-u
Shortening. 3.0 836 S
Sucrose tallowate 0.5 850 8§
8. spicata . 0.5 833 S
Polar-free (wheat flour) 0.6 900 s

Effects of various lipids on loaf velume and crumb grain of bread baked with
either 8 g. soy flour or 8 g. cottonseed flour are summarized in Table IV, In bread
enriched nutritionally with either of the two oilseed flours, loaf volume and crumb
grain were improved by adding 3 g. shortening or as little as 0.5 g. polar lipids.

* Sucrose tallowate increased loaf volunme more than shortening, and polar wheat
flour lipids increased loaf volume most. The effects on loaf volume of lipids from B.
spicata were smaller than the effects of sucrose tallowate.

Adding 1o three flours 8 g. (per 100 g. flour) of milk powder, air-fractionates
wheat flour, or defatted wheat germ (without adding lipids), impaired loaf volum:
(Table V). Loaf volumnes of bread baked from the three flours by the complet:
control formula, which included 4 g. NFDM and 3 g. shortening, were 919, 9:.
and 740, respectively, for Comanche, Thatcher, and Seneca (Table I). Addition v’
cominercial shortening or sugar (sucrose) increased loaf volume and improve

TABLE V. LOAF VOLUME OF EREAD BAKED WITH MILK POWDER,
AIR-FRACTIONATED FLOUR, OR DEFATTED GERM AND 3 g. SHORTENING
OR 0.5 g. SUCRUSE MONOLAURATE

NFDM 8g? Alr-Frac, Defatrea
448 Flour Germ:
898 89
cc. cc. ce. e
Commancha Flour
No lipid added 870 870 6s¢
Shortening 219 950 945 65
Sucr. Monolaurate e 940 990 1%
Thatcher Flour )
No lipld edded " 793 890 668 -
Shortening 922 938 923 8z
Sucr. Monolaurate “oee 218 945 81
Senaca Flcyr
No lipld added e 656 680 -
Shortenir.g 740 iy ;) 715 -
Sucr, Monolsurate . 1.760 ] 680 Y

8Concentrate per 100 g, flous,
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TABLE VI. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED WITH 8 g. OF
vARIOUS PROTEIN CONCENTRATES (PER 100 g. ABS FLOUR) AND COMMERCIAL
VEGETABLE SHORTENING OR SUCROSE TALLOWATE

protein Sucrose Loaf (]

Concentrate Shortening Tallowate Volume G':‘a?nb
9. 0. cc,

Torula yeast e 773 Qs
3 803 S
" 1 850 S

sesame flour e e 878 v
3 oo 776 Q
1 848 Q

fish meal o e 710 v
3 o 843 Q
1 860 Q

#heat gluten e 808 Q
3 . 845 Q
1 990 S

qumb grain (data not given) of bread brked with 8 8. of any of the three protein
concentrates. There was no significant or consistent difference between the
mproving effects of 3 g. shortening or 0.5 g. sucrose monolaurate. Loaf volume was
«estored (to that of bread baked by the somplete control formula) in bread baked
with cither 8 g. milk powder or 8 g. air-"rctionated flour and either shortening or
sucrose monolaurate. Loaf volume of bread yaked with 8 g. defatted germ ard
:dded lipids continued to be lower thzn that of bread baked by the complete
control formula,

Loaf volume and crumb grain of bread baked with 8 g. of four protein
concentrates and 3 g. commercial vegetavle shortening or 1.0 g. sucrose tallowate
{per 100 g. RS flour) are sunimarized in Table VI. Bread baked with 8 g. of any of
the protein concentrates and without added lipids was inferior to that of bread
baked by the complete control formula (535 cc., Tatle I). In each case, addition of
shortening or sucrose tallowate increasc? loaf volume and improved crumb grain,
The improvement was consistently larger from adding 1 g. sucrose tallowate than
from adding 3 g. vegetable shortening. The difference is most significant in bread
baked with 8 g. functionally impaired (in breadmaking potential) commercial
dluten. The results indicate that adding syathetic glycolipids (but not shortening)
might restore functional properties of commercial gluten. More-detailed results of
similar investigations will be reported shortly. '
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An Evaluation of Natural vs. Synthetic Substrates for Measuring the
Antitryptic Activity of Soybean Samples'

M. L. KAKADE, NANCY SIMONS, and 1. E, LIENZR, Department of Blochemistry,
College of Biological Sciences, University of Minnezota, St. Paul, Minnesota 65101

ABSTRACT

The casein digestion method of Kunitz for the measurement of trypsin inhibitor
activity of soybean extracts has been modificd to obtain more accurate and reproducible
results, The modification involved the use of 2% casein (instcad of 50) and the
mathematical transformation of absorbance rerdings (A) at 280 mu to A3/2, The use of
the synthetic substrate, benzoyl-DL-arginitez-2-nitroanilide (BAPA), proved to be a
convenient and reliable method of assaying trypsin inhibitor activity provided one tases
into account the competitive nature of the inl-ibition. The latter effect could be largel
compensated for by extrapolating the trypsia inhibitor activity, expressed as trypsin -
units inhibited per mi. extract, to zero concentration of the inhibitor. Although a series
of soybean samples could be ranked in the same relative order of inhibitor activity by
using either cascin or BAPA, the quantity of trypsin inhibited was consistently higher
when BAPA was employced as the substrate,

Cascin has been widely used as a substrate for measuring the trypsin inhibite
activity of natural trypsin inhibitors such as those which occur in soybeans ané
other legumes. The most common method employing casein is the one original’:
described by Kunitz (1) which involves the spectrophotometric determination ¢!
the breakdown products produced by a given concentration of trypsin in th
presence and absence of the inhibitor. However, as pointed out by seve:-
investigators (2,3) and according to our own experience, the fact that the ratc ¢
hydrolysis of casein by trypsin does not follow zero order kinetics under t\.
conditions defined by Kunitz (1) detracis from the reliability of this method e
poses problems of reproducibility.

On the other hand, the tryptic hydrolysis of a synthetic substrate such -
benzoyl-DL-wrainine-p-nitroanilide (BAPA), first introduced by Erlanger et al. ('
does follow & zero order reaction. and on. obtaias, within broad limits, a linc-
iclationship between the quantity of p-nitrvantline released and-the concentrati’

lThis study was mupported by Agricultural Research Service, U.S. Dept. of Agricultur
Grant No. 1.-14-100-0180 (71), administered by the Northern Utilizaﬁon Rescarch #0-
Development Division, Peoria, Jllinois,
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