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•-proving Breadmaking Properties with Glycolipids. I. Improvina 664,06,/AR 
:.ly Products with Sucroesters' 

.-:MERANZ , M. D.SHOGREN, and K. F. FINNEY ,Crops Research Division, Agricultural , rch Service, USUA, Kansas Agricultural xperin:eit Station, Manhattan 

ABSTRACT 
Adding 0.5 g. sucroglycerides per 100 g. flour increaced water absorption and
 

maximum hot-paste viscosity; it had no significant effects on mixing time, mixing
tolerance, or extensibility chr cteristies. I he sucrocsters eCunteracted th
deleterious effects of up to 16% soy producs on loaf volume. i tcli pov'msg
effect of 0.5% sucroglycerides was equal to, or better than, the effect of 3.0%
 
,;o nmercia! vegetable shortening. The effect of sucroest,.rs iticreascd with increase

in hydrophiic-lipophiBic balance (i.e., with de,,rease in number and chain lengths
of fatty acids attached to the sucro- mulecaie).ln addition to incix'sing loaf

voiume, sucroesters substantially improved crumb grain and softness. Largestimprovement was obtained by adding 0.57 free polar flour lipids, rich in
glycolipids. Improvement of free polar flo." lipids was obwerved buth in 
 the
control and in soy-containhig breads; the iucreesters rendered soy proteins

functional in breadmaking.
 

Previous studies have shown that small arounts of polar wheat flout lipids
.Stmantially improve loaf volume, crumb gr':p, and freshness retention of bread
 
.2). Preliminary investigations indicated tha the improvement was due mainly to
.olipids 
•oglycerides are synthesized by esterificativ.,n of fatty acids or natural glycerides

sth sucrose. They were originally designed to provide nonionic surfactants that 
11 be easily broken down, and to ebrrtrate problems of extremely low 

* (3). Synthetic glycolipid3 are avail.tble commercially. Sucro';e escrs or 

* ,dcgradation in the disposal of sewage conta.niig conunonly used detergents. The 
vedure for preparing sucrose monoesters o fatty acids was described by Osipow

II Rosenblatt (4) and in a patent by Haas et -1.(5).

Audidier and LaPape (6) studied the efects of several sucroglycerides on


• ,ologecal properties of dough and starch p istes. Gluten hydration was slightly
•,uced when 3.0% of sucroglycerides of palm oil was added to a dough.,elatinization of starch was slowed when domgh containing sucroglycerides was 
,!ted. Including sucroglycerides in dough irroroved handlin properties, volume, 

over-all quality of baked products(7).
 
The use of soy flour and soy meal for ediile purposes in the United States is


"'.,ated at 200 million lb. per year. The laigest use of soy flour in the United
;,*es isabout 50 million lb. for baked products (8,9). Despite increased interest in, 
I-use of, soybean products in breadmaking, the volume of soy protein-enriched

':3d is relatively small. Acceptance of soy products as a bread ingredient has been 
"lively limited, because of functional disadvantages and because soy flouts were 

uniform in early stages of development (10). High consumption, acceptability, 
low price make bread an ideal vehicle fc" protein supplementation. For that"t.ntial to be realized, however, the supplenient must be economical and uniform. 

Co-operative im.vestfgatons between the Crops Rereareh Diviion, Aisricultural Researcht. U.S. Department of Agriculture, and the Kssaq A~ricujtural Lx periment Station.Kansas. March 

Totl N,,o. 236. Mention of a trademark name, proprie tary product, or -ecific equipment


not Constitute a gu..rantec or warralnty by t, UDA ald does n''t imply 


. Approved 2,, 1968, for publication by th Drctr a Station 

~' .5Cuso~ofthr products that may also be amlable. ts apprOval to 

21 t~~aRer4.h C2emist, Resarch Cereal Techtnolngist. and Research Ch1. rniut. respeCtively.

P' Rcse.areh Division, Agrcult.ural Reaearch Ser'ice, .S. Department of Ar;nculture.
 
'Ptesent address: National Barley and Malt Laboratory. ARS, USDA, Madison. WLonsln. 

http:mulecaie).ln
http:sucroest,.rs


Vol. 46BREADMAKING WITH GLYCOLIPIDS. 1504 

It must 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 (11). 

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
 

untreated flour, experimentallyMost of-the experiments were made with an 

Allis mill from a composite grist of several wheat varieties grown at
milled on an 

designated RBS
several locations throughout the Great Plains. This flour is 

(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). S~me chemical and breadmaking characterisics 

of the flours (baked by the basic complete formula) are summarized in Table I. 

Lipids 
The shortening used was a coimmercial product of vegetable origin, parJy 

were obtained by fractionatinghydrogenated, m.p. 410C. Free polair flour lipids 
free lipids (petroleum ether.extracted) by silicic acid column chromatography (13). 

Natural lecithin and nine commeicially available sucroglycerides were studied. 
and glycerolPalmitic acid, glycerol monopzhmitate, glycerol dipalmitate, 

tripalmitate were of analytical grade. 

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

variations in chemical composition, partile size, and
selected to represent 
heat.treatment-variations believed to be typical of products marketed for use in 

the bread-baking industry. The composition and characteristics of the soy sample 

are given in Table II. 

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

Percent niirugsi was converted to percent protein with the factor 5.7 in w~ieai 

flour, and with the factor 6.25 in soy samples. 

SOME C4EMICAL AND BREADMAKINGTABLE I. 

CHARACTERISTICS OF FLOURS (14% Moisture Basis) 

Baklng Bromate 
Absorp- Mixing Require- Loaf Cru-* 

Volume
Ash tion Time nent c':° 

Flour Protein 


% min. p.p.m. cC.

N x 5.7% % 

30 953 560.7 3-1/2RBS 12.9 0.40 
' 15 919 S

0.42 64.2 3-5/8Comanche 12.7 922 S0.64 64.3 3-1/4 20
Thatcher 13.0 3 10 740 05 

8.5 0.39 54.2Seneca 
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TABLE II. CHEMICAL AND PHYSICAL PROPERTIES OF SOY SAMPLESa 

Water. 

<r 1protein 

;4v Sample and 
,#at Treatment 

Particle 
Size b Protein 

Disper
elble 

Protein Fat Renmarks 

N x 6.25 

ASlightly toasted thru 100 s0 70 2 1.75% Lecithin, 
I Toasted thru 14 50 20 <1 chemically treated 

Toasted thu 100 50 20 <1 
, Toasted thru 100 50 20 <1 

thru 100 

thu 100 

70 

90 

... 

... 

... 

<1 

Deflevored, 70% 
protein 
Isolated soy 

thi 100 85 Sodium soy
proteinate

VIufacurer's dat; expressed on "as-received" moisture basis, which varied from 6 to 10%. 
'Uesh per In. 

4ologicig Properties
Mixoframs were determined with 35.0 g. flour aid optimum water absorption.15). Farinograms and extensigrams were obtained by the procedure described by'Ilegas et al. (16). The amylograph was used to record changes in hot-paste

,scosity (14). 

beadmakitg
The breadmaking formula included 100 g. flour. 1.5 g. salt, 2 g. yeast, 4 g.FDM, 6 g. sucrose, 0.50 g. 600L. malt syrup, 3 g. shortening, water as needed,-d optirum potassium bromate (17,18), excepl for these changes: In allxperimental baking with soy products, NFDM was replaced by 4 to 32 g..soyroducts. Similarly, shortening was replaced by, or si pplemented with, 0.25 g. to00 g. polar lipids in some experimental baking tes:s. An optimum mixing timeith the straight-dough procedure and a 3-hr. fermentation time at 300C. were7ployed. Punching and panning were performed mechanically. Baking time wasSrin. at 218 0C. Baking tests were replicated at least twice. Athird replicate was;de when loaf volumes differed by moreiferences than 25 cc. Average loaf-volumeof 20 cc. were significant at the 0.05 level. Loaf volumes were1lermined by dwarf rapeseed displacement immediately after the bread was taken0m the oven. After cooling, the loaves were cut and their crumb grain and textureIluated. This code was employed: S, satisfactory: Q, questionable; and U,",atisfactory. Crumb compressibility was me:,sured with a compressimeter. The;nger, 25 nm. in diameter, was depressed 4 ram. into the bread crumb after the-st was removed. The weight in g. required to depress the plunger was taken as"ressibility parameter. Compressibility was measured on bread crumb from3Pped and sealed loaves, stored at room temperature (about 250C.), for 24 or 48 

RESULTS AND DISCUSSION 
'ts of LIpids on Rheological Douqh Properties
Water-absorption of dough containing 3% shortening was lower than of dough 
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AND CRUMB GRAIN OF BREADTABLEIII. LOAF VOLUME 
RBS FLOUR WITH SOY FLOUR 0BAKED FROM 

Loaf. CrumbPotassiumSucroseSoy Flour Bromate Volume Grain 
Level Shortening Tallowate cc.p.p.m.g.
g.g. 

15 860 Q-S 
15 890 5 

1.0 15 900 S2.0 
15 893 S

3.0 
15 893 S0.25 
15 900 S0.50 
35 820 U

4 50 717 U 
8 35 083 0-S 
4 1.0 

35 898 Q-S
4 3.0 

50 878 O-U 
a 1.0 

5 918 -S603.08 915 Q-S0.25 354 35 918 -S0.504 50 878 Q-U0.258 50 945 O*S0.508 

no added lipids. Adding 0.5% polar lipids increased water-absorption of 
containing 
the dough about 1.0%, and adding 0.5% fucroesters increased absorption up to 

was observed in fat inograph water.absorption. Adding 0.5 
1.5%. A similar increase 
.(per 100 g.flour) sucroesters had no sigiificant effect on mixing time or mixin 

parameters (extensibility and resistan~ce te 
tolerance. Similarly, extensimeter 

affected very little. Sucroesters had little effect on temperature of 
stretching) were 

the peak height was, however, increased substantially
paste peak viscosity;hot 

in the control was increased to 750 
Maximum amylograph viscosity of 590 B.U. 

, 0.5 g. of sucrose monopalmitate, sucrose 
780, and 860 B.U. by adding, respectivel 


monostearate, or sucrose monolaurate.
 

Improving Soy Flours with Sucroesters 

Adding, per 100 g.flour, 1.0 g. shortening or 0.25 g. sucrose tallowate increase. 

crumb grain of bread; higher levels of lipids had r. 
loaf volume and improved 

additional improving effect in bread baked without soy flour (Table 11). Add,,:
 

soy flour decreased loaf volume; the dccr.ase was greater when 8 g. soy flour V.
 
added than when 4 g.was added. To coi nteract the deleterious effect of 4 g. sc. 

flour, 1 g.-h'rter,ine or 0.25 g.sucroglyceride was added. At the level of 8 g.!:' 

or 0.50 g. sucroglyccride increased loaf volume 
flour, 3 g. shortening 
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 IV gives a compaison of the improving effects on loaf volume and cru' 

t.'llowale in bread containing 8 g.(P
grain of 3 g. shortening and 0.5 g.sucrose 

products. The soy flours varied considerabl%
100 g. flUr) of the seven soy 

and crumb grain. All soy flours decreased loaf voluwi:
effects Or loaf voluine with 
bread baled without shortening or sucrose tallowate. Bread baked 

soy flour A, which contained 1.75% lecithin, had consistei: 
cherically treated 

. Soy flour A was better than the to',
the lirgest and generally the best loavc 

manufacturer. Soy floir 
and chemically unmodified soy flour D from the same 


and C were front the same manufacturer and varied only in particle size. The cc.
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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 1000. RBS FLOUR
 

With 0.6% 
With 3% Sucroso 

Control Shortoning Ta-lowate 
soy Loaf Crumb Loaf Crumb Loaf 7rut; 

Product Volume Grain Voluta, Grain Volurri Graincc C C. Cc'. 

-None 860 0-S Ws3 S 89, -S 
A 766 Q 033 S 963 0-S 
a 723 Q 800 Q-S 858 0 
C 668 U 833 Q 850 0 
D 717 U 918 O-S 945 0-S 
E 680 0-U 735 0-U 813 Q 
F 673 Q-U 798 Q 885 O-s 
a 618 Q-U 805 O-S 835 Q-S 

;ioduct, B, was better than the finely pulwrized soy flour, C, particukirly for the 
controls. Loaf volumes of bread b:iked with ite three soy protein concc;trates and 
.olates were substantially improved by either shortenino_ or sucrose tIalowvate. Yet 
!:e loaf volumes were substantially lowcr than those of bread containir:' 8,: of soy 
.our. The results indicate that removing nonprotein soy flour components does not 
:.1 inate the loaf volume-depressing effect of soy flour. On the other hliad, added 
_tan 8% level, the soy isolates or concfcntracs increasd protein contents tip to 
.vice as much as did adding re'gular soy flour. The inprovcmeit from adding the 
-.-croglyceride was substantially greater tLin from addiig shortening to doughs 
.ontairng any of the six finely ground soy flours. The improvement in bread baked 
.ith the coarse soy product, B, was tie same whether shortening or sucrose 
:yceride was added. 

Lipid Composition and %y Flour Improvement 

Table V compares effects on loaf voluta, and crumb grain of adding 0.5 g. (per 
!00 g. flour) of various lipids to bread baLed with 8 g. soy flour A. Free polar flour 
pids improved bread most; the loaf voluin( 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 1)or with 3 g. shortening 
.1d 8 g. soy flour (933 cc., Table V). Letithin had a significant, though relatively 
ill, improving effect. The sucroglyct rides investigated affected the results 
insistently and significantly. The imprcving effect was greater with fewer and 
loiter chain lengths of fatty acids attached to the sucrose molecule; i.e., with 
igher hydrophilic-lipophilic balance. 

Palmitic acid, glycerol monop-lhnitalt2, glycerol dipalmitate, and glycerol 
*:ipalmitate had little or no improving effect, which indicalas that a combination 
',.tween the polar character of sugar polyols and the lipophilic contribution of the 
.liphatic chains of fatty acids is essential. 

Whereas in soy-containing bread sucroglycerides witi: short-chair fatty acids 
;ereased loaf volume more than sticroglycerides with longf-chain fatty acids (Table 
0, no such effect was rioted in bread ba:cd v,ilhout addad soy flour (T:sble VI). 
Ie sucroesters generally increased loaf" volume of bicv:! baked without soy 
'uducts as much as vegetable shortening, which seem'; to point to the possibility of 
' improvement related to physic', properties rAther than to chemical 
4aracteristics of the added lipids. III soy-enriched bicad, the sucroesters seem to 
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TABLEV. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED 
FLOUR A PERAT OPTIMUM BROMATE LEVEL WITH 8 g. SOY 

FLOUR, VARIOUS LIPIDS, AND LIPID DERIVATIVES100 g. RBS 

Loaf Crum'JLipid Lipid 
Level Volume GraiDescription 

g. CC. 
O.UNone 766None 0.S
3.0 933Shortening 

0.5 1,015 S

Polar flour 

0.5 a
873
Lecithin 

Sucroers09 O
0.5 997Monolaurate Q-S
0.5 970Sesqullaurate O'$
965
0.5
Dilaurate O-S
0.5 965Monopalmltate 
0.5 840 a

Dipalmitate G-S
0.5 915Monostearate 
0.5 853Sesquistearate 
0.5 795
Trlstearate 

LipId derivatives
 
Ralmltlc acId 
 0.5 778 Q.U
 

-U

Blycerol monopalmltate 0.5 815 

0.U

Glycerol dipalmltate 0.5 805 

a
Glycerol trlpalmltate 0.5 765 

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

The results (summarized in Tables Vand VI) also point to a difference between 
the effects of free polar wheat flour lipils and synthetic sucroglycerides. Whereas 
certain synthetic sucroesters were comparable in their improving effects to the flour 
lipids in bread baked wilh soy flours (Table V), there was a large difference in bread 
baked without soy flour (Table VI). Bread containing no soy flour had substantially 
higher volume when baked with 0.5% polar flour lipids (922 cc.) than when baked 
with 0.5% sucroesters (865 to 905 cc.) or with 3.0% commercial vegetable 

anshortening (893 cc.). It seems, therefore, that polar wheat flour lipids have 
to, and above, that made by the syntheticimproving action in addition 

sucroglycerides. 
Table VII summarizes the effects of 8%soy flour C on loaf volume and crun'tl 

grain of bread baked from three vwheat flours. Of the four soy flours (A through DI 
this series of baking experiments 'Y.described in Table IV, the soy flour used in 

the must har.mf. !crt ,adma king. Yet, in each case, after 0.5 g. of free polar whA 
flour lipids was added, the loaf volume of bread baked with 8 g. soy flour was equi. 

TABLE VI. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED
 

FROM 100g. RBS FLOUR AT OPTIMUM EROMATE LEVEL WITH VARIOUS LIPIDS
 

G '
 Lo afLlpld 
Level Volume

Lip id 
Dascript;on cc.g. 

SO)

860 

Shortening 3.0 893 Si, 

Polar flour 0.5 992 

Suroesturs 
0.5 865, SMonolawrate 

9050 SMonopolmltate 0.5 

Monostearate 
 0.5 895 
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TABLEVII. LOAF VOLUME AND CRUMB GRAIN OF 

BREAD BAKED AT OPTIMUM BROMATE LEVEL FROM THREE WHEAT 
FLOURS WITH 8 q. OF SOY FLOUR C AND 3 g. SHORTENING OR 

POLAR LIPIDS PER 100 g. WHEAT FLOUr__
 
Seneca
 

, 
Comanche Thatcher 

Loaf Crumb Loaf Crumb Loaf Crumb 
Volume -CC6 GrainVolume Grain Grain Volumeoid CC. CC. 

U710 U 663 U 563 
696 QQ-S 853 0-S: *rtenlng 848 730 0 

, st flour 923 0-S 918 Q-S 

0-U860 Q-S 693-onolaurate 895 O-S 
cnopalmltate 860 Q-S 868 Q-S 713 O-S 

705 0
.4nostearate 865 Q-S 805 0-S 

that of bread baked with 4 g. NFDM (Table I).Improvement was greatest when 

"cpolar wheat flour lipids were added; 0.5 g. synthetic sucroglycerides were 

:nerally equal to 3.0 g. shortening. 
g. sucroseTable VIII summarizes the effects of 6 g. shortening and 2.0 

on bread baked with 16 or 32 g. soy flour Aper 100 g. RBS flour. At-onolaurate 
..,th soy flour levels, loaf volume wa; improved much more by sucrose 

,onolaurate than by commercial vegetable: hortening. Loaf volume of bread baked 

.'h 16% soy flour A and 2%sucrose monolaurate was essentially equal to that of 

-:ad baked by the complete formula without soy flour (953 cc., Table 1). Adding 

g.short-ming in addition to 2 g. sucrose monolaurate had no additional effect. 

•anb 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 

with the control) by6 g. shortening, and only partially restored (compared 
:Aition of 2 g.sucrose monolaurate. The r.esults indicate that at very high levels of 

:- flour and monolaurate, factors other than glycolipids limit loaf-volume 
.tcntial. 

.Bids and Bread Compressibility 

Effects of lipids on compressibility in biead baked with 8% soy flour and stored 
1. Loaf volume is negatively correlated with r 24 hr. are summarized in Fig. 

,:?ght 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 

,.e for the SRW Seneca. The flours from the hard wheats contained substantially 
"re protein (12.7 and 13.0%, Table I) than that from SRW wheat (8.5%). Crumb 

'ILE VIII. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED FROM 100g. RBS FLOUR WITH 

I AND32g. OF SOY FLOUR A AND SHORTENING OR SUCROSE MONOLAURATE 

Loaf Crumb 

01 
l0ut 

Shortening Monolaurate Bromata Volume
Sucrose Potaslum 

Grain 
p..m. CC. 

I5 80 O.SI . 

o.s16 ' ?70 oss
IS ..... 

.. 100 805 U22 505 Uu22 " '2 100100 60732 
100 lSo U32r 28; 
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OoHRW950 
0-HRS 
O-SRW 

U 850 

~~4J 
V750> 

o 650 

550 

50 150 250 350 

COMPRES,;IBILITY - GRAMS 

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 lrom three wheat flours with 8 g. soy flour pe 
100 g. wheat flour: 1, control: 2, shorteninq; "3,wheat flour lipids; 4, sucrose monolaurate; 5. 
sucrose monopalmitate; 6, sucrose monosteb at'a. 

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

CONCLUSIONS 

The sucroesters seem to improve )rcad quality by rendering the soy proteit, 
functional in breadmaking. Sucroesters counteracted the loaf volume-depressir. 
effects of the soy products. Mixing sy;tietic glycolipids with soy flours or addir: 
glycolipids at the dough-mixing stal:_e, thercfore, appears useful in produci!, 
nutritionally improved bread acceptable to consumers. 

The sucroesters appe;:r useful in manufactuirng bread low in the saturated fatt) 
acids in shortening, cr of protein-rich dietetic breads, which have been 
reconmejided as effective supplenminr. o diets to treat obesity (19). The effects Of 
sucroesters on quality-of bread baked with soy products seem to indicate that th, 
synthetic ,lycolipids mak the noncere:I protciOns functional in breadmaking. 1) 
effects of sucroesters on breadmakinw, potenti:iities of pro:eins from other sourcc$ 
are reportcd in Part If of thi; series. The rcasons for differences in mechanism at 
performance in breadmaking of synlhetic and natural wheat flour glycolipids a: 
being investigated. 

Pcknowledgment 
Sucroglvceride samples were a gift of ('onial SiuPirs Company, Gramercy, Louisiana. 

LitL,ure i1J 

IPOMERANZ, Y., RUBEN IIAL01, G. I :' I 'NNEY, K. F. Pola vs. nonpolar hC'
 
flour lipids in breadmfil.iw. lFood "'cch . 19: I' 24-1725 (1965).
 

2.PG:AL!t .4Z, Y., RUIIENTIfALI:. G. L., D TARY. R. D.. and FINNEY, K. F, FffCt
 
of li~tl, on bread baked horn flour:; varying wilely in breadmaking potentialitieL
 
Tcciiiol. 20: 131-134 (1966).
 

http:breadmfil.iw


511 igptember, 1969 POMERANZ, SIfOGREN, AND FINNEY 

3.DAFTARY, R. D., POMERANZ, Y., SIHOGREN, M., and FINNEY, K. F. Functionalbreadmaking properties of lipids. II. The role of flour lipid fractions i -.
radinaking.

Food Technol. 22(3): 79-82 (1968).

4.OSIPOW, L. I., and ROSENBLAFT, ,,.Alicro-emuision process for the preparation of sucrose esters. J.Am. Oil Chemists' Soc. 44: 307-309 (1967).
5.1IAAS, If. B., SNELL, F. D., and OSIPOW, L. 1. Process for producing si"'?r esters.U.S.Patent 2,893,890. (Original not sccn;AOCS Abstracts, 36: 476 (1956).
6.AUDIDIER, Y., and LAPAPE, A. lffccts o'sucro2lyceridcs on flour constif ents and onfatty materials. Centre Form. Tech. Perfect. Bull. No. 4 (1964). (Original not seen;

Baker's Dig. 41(4): 84 (1967).) 
7.AUDIDIER, Y., and LAJPAPE, A. Effects of sucroglycerides on doughs ailo on finishedbakery products. Centre Form. Tech. Perfect. Bull. No. 4 (1964). (Or;L.i',ai not seen;

Baker's Dig. 41(4): 84 (1967).)S.SMITII, A. K. Fifty years of progress in soybeam protein research. Cereal S,.- Today 10:
345-349, 362 (1965).

9.SMITII, A. K., and WOLF, W.J. Food ues and properties of soybean protein. 1.rood u.Ts.
Food Technol. 15(5): 4-11 (196 1).10.FOLLOCK, J.M., and GEDDES. W.F.Soy tflour as awhite bread ingredient. I. Pleparationof raw and heat-treated soy flours, and their effects on dough and bread. Qre:d Chem.
37: 19-29 (1960).

II.POMERANZ, Y. Soy flour in breadmaking-a review of its chemical composition,
nutritional value, and functional properties. Baker's Dig. 403): 44-48, 78 (1Q66).12.SOUP, F. K., POMIERANZ, Y., and DEYOL, C. V.,mino acid composition of wheatvarieties and flours varying widely in breadmaking potentialities. 1. Food Sci. 31: 94-101
(1966).

13.DAFTARY, R. D., and POMERANZ, Y. Chanj.;es inlipid composition inmaturing wheat. I.
Food Sci. 30: 577-582 (1965).14.AMERICAN ASSOCIATION OF CEREAL CHEMISTS. Approved methods of the AACC(foimerly Cereal laboratory methods, 7th e.!. The Association: St. Paul. Minn. (1962).

h.FINN'Y,K.F.Quality evaluation of carly -eNicration wheat progenies. In: Proc. 2nd Nati.Corf.on Wheat Utilization Research, USDA, ARS, Peoria, Ill..p.74 (1964).
16.VILLEGAS, EVANGELINA, POMERANZ, Y, and SIIELLENBERGER, J.A. Effects ofthiolated gelatins and glutatliione on rhcological properties of wheat doughs. Cereal 
Chem. 40: 694-703 (1963).

17.FINNEY, K. F. Loaf volume potentialities, b)uffering capacity, and other baking propertiesof soy flour in blends with spring wheat Sour. Cereal Chem. 23: 96-104 (1946).!.FINNEY, K. F., RUBENTIIALER, G., and POrIERANZ, Y. Soy-product variables affecting
bread-baking. Cereal Sci. Today 8: 166-16 8.183 (1963).!9.HOWARD, A. N., and ANDERSON, T. B.Tme treatment of obesity with a bread of highprotein and low carbohydrate content. Proc. Nutr. Soc. (England) 24: 28 (1965). 

[Received August 5, 1968. Accepted October 18, 19681 



512 BREADMAKING \ i'rH GLYCOLIPIDS. it Vol. 46 

Improving Breadmaking Properties iitIh Glycolipids. II. Improving 
Various Protein-Enriched Products' 

Y. POMERAN, 2 , M. D. SHCGREN, and K. F. FINNEY 3 , Crops Research Division, ARS, USDA 
and Kansas Agricultural Experiment Stetion, Manhatan 

ABSTRACT 
100

Bread was baked with 8or 16 g. so), flour, and 8g.(per g.wheat flour) defatted 
cottonseed flour, fish protein concentrate, nonfat dry milk, cxpeller-extracted sesame 
seed flour, wheat gluten, acfatted wheat grm. air-fraetionated protein-rich wheat flour, 
or food-grade Torula ),east. All protein-rich additives substantially lowered loaf volume 
and impaired crumb grain. Adding 3 F. shortening counteracted partly the deleterious 
effects of 16 . oy flour; higher levels had no additional hnproving effect. Loaf volumes 
were increased and crumb grain was inproved by adding 1.0 to 6.0 g.sucrose tallowate. 
The loaf volume of bread containing 3.0 to 6.0 g. sucrose tallowate was substantially 
above that of the control containing no added soy flour. Highest levels of tallowate 
increased mixing time and impaired rheologic'd properties. Small amounts (0.5 to 1.0 g.) 
synthetic glycolipids atid free lipids (rich ir_giycoipiJd.) from wheat flour and Briza 
spicata improved volume and cnimb 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 s:udies from our laboritory were concerned with improving 

breadmaking properties of soy products with glycolipids (1). Small amounts (0.25 

to 2.0%) of synthetic sucroglycerides and polar wheat flour lipids (rich in 

glycolipids) counteract d the del-terioi'; effects of up to 16% of various so) 
products on loaf volume, on crumb ,rain, and bread softness. The effects of 
sucroglycerides increased with increase !n hydrophilic-lipophilic balance; i.e., with 
decrease in number and chain length'; of fatty acids attached to the sucrose 
molecule. This report is concerned with the beneficial effects of wheat flour polar 
lipids, lipids from Briza spicaia sece. that are rich in glycolipids (2), and 
sucroglycerides on production of bread nutritionally improved by several 
protein-rich products, including soy, cottonseed, sesame, wheat germ, wheat gluten. 

from wheat flour, fish, Torula yeast, andan air-fractionated protein-rich fraction 
NFDM. 

MATERIALS AND METHODS
 
Flour Samples
 

Most of the experiments were mafle with an untreated flour, experimentall) 
milled on an Allis mill from a compo,.ite grist of several wheat varieties grown a' 

U Sseveral locations throughout the Great Plains. This flour is designated RB
(Regional Blking Staldrd). In addition, three wheat samples grown in 1965 we, 
milled at an extraction of about 70% on a Mig Multomat. The wheat samples werc 
composited from equal portions of wieat as described previously for samples fror 
the 1963 crop (3). Some chemical ,nd blrcadinaking characteristics of the flou:: 
(baked by a formula including 4/o milk solids and 3% shortening) are sununarized 1" 
Table I. 

1 Co-rprative investigations betv,.,ca tlt., Cro,.s tes,-artsh fi'vtsicn, Agricultural Rest;at 
of '.tL-<. , ti s A ,xiXriment Sta'WSC,rvic(.. I cpart,:M tt .. ai, KIti.L lruitral 


" , nsas. Anrw,% .,.n uI;latioi
ii *1 ,v I*, I'16:;, for tj,' the tirector is Station AtM. 
or cientific equipment de riNo. V7 .,ientiorn of t t, . iii; r.I, ,p ."t t lriii'A,.. 

U. 'A 
t 
aid ,]ocs not Imply its approval to .

cOfiettW., 1 guarantee or v. .iltv )-tv t e 
exclusion of otIer productq that may ;io be vavail;.ile. 

and Malt I,ai)oratory, ARS, USDA, Madison, Wisconl2Prt-,,iAl adaress: Nalional Barley
3 

Re- .irch Chemist, Research Cere-, I P.chnuo gist. and Research Chemist. respectite 

Crops I;,A:eorch Division, ARS, USDA. 
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TABLEI. SOME CHEMICAL AND aREADMAKING CHARACTERISTICC'* 
OF FLOURS 

Protein 
 Ilking Mixing Bromata Loaf Crumbflour IN 5.7) Ash Abs. Time Requirement Volume Grain
% % mmin. p.p.m. cc.
 

pas 12.9 0.42 65.5 
 3-1/4 30 935 aComanche 12.7 0.42Thatcher 13.0 0.54 64.2 3-5/8 16 919 664.3 3-1/4 20 922 S"90¢a 
 8.5 0.39 64.2 3 10 740 0-S 

14%moisture basis. 

Lipids
The shortening used was a commercial product of vegetable origin, partly-ydrogenated, with m.p. of 410C. Free polar flour' lipids were obtained b/.raionating free lipids (petroleum ettler.extracted) from the RBS flour by silici,,d column chromatography (4). Free lipids were also obtained by exhaustive

extraction of seeds of B. spicata with petroleum ether. Bound lipids from the R3',
lour and from B. spicata 
 were ex'racted with water-saturated butanol aftemtroleum ether extraction. The whca, flour contained 0.8%;r free lipids (a mixtur.
,i 0.6% nonpolar components eluted from the silicic acid column with chloroform,.nd 0.2% polar components eluted with methanol after the chloroform elution) and,.6% bound lipids. Extraction of . spi 2ta seeds gave 11.1% free and 1.4% boun,pids. The two sucroglycerides, sucrose monolaurate and sucrose tallowate, were 
:o;.,mercial products. 

Protein Concentrates 
Nine protein concentrates were used. Some chemical characteristics of the:oicentrates are given in Table I!.The soy flour used was a commercial, chemically:reated product that contained 1.75% lecithin and hal a dispersibility index

.rresponding to 70%. Defatted cottoriseed flour, fish protein concentrate, NFDM,etpeler-extracted sesame seed flour, vwheat gluten, and Torula yeast (food grade)were commercial products. The wheat jgerm used was a fresh, granular product./The
%heat germ was defatted by extraction with petroleum ether, ground to pass a0.mesh sieve, and re-extracted with p-etroleum ether. The air-fractionated flour,as prepared on a laboratory scale :ron defatted (petroleum ether-extracted)
patent flour that was commercially milled from a mixed grist of FIRW wheat. The
)riginal patent flour had a protein cort.nt of 10.3%,c and an ash content of 0.44%. 

TABLE II. CHEMICAL COMPOSITION OF PROTEIN CONCENTRATES 
Protein 
Concentrate PetroleumMoisture Protein Ether Ext. Ash 

Soy flour 8.3 52.7Cottonseed flour 0.5 6.914.7FPC 63.1 3.9 6.487.8 69.7 0.2'Jilkpowder 10.5 34.6 
21.05 

0.1 7.89,L-Sarneseed flour 8.8 5.6
,heat gluten 7.8 
46.1 11.75
57.0 06orula yeast 0.897.6 54.9'dheat germ 110. 30.0 

1.6 7.02
0.2 5.154ir-fractlonatedflour 6.8 27.0 1.3 0.78 
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A 

1k. 

"..-,.. 

1 2 3 4 5 6 7 8 

Fig. 1. Thin-layer chiomatogram of Pipid3 from wheat flour (1, 4, 5, and 8) and B. spicara 
(2, 3, 6, and 7); free lipids (1, 2. 5, and 6) ;-nd bound lipids (3, 4, 7, and 8). Spots 1 through 4 
were developed with chloroform, 5 throuh 8 with chloroform-methanol-water !65:35:41. 
Spots of 100 ' lipids; visualized by charring with sulfuric acid; picture taken under ultraviolet 
light. Tentatively identifivd as: A, mixture of lIdrocarbons and steryl esters; B, triglycerides;C, 
unresolved polar lipids; D, unresolvwd nonpolar lipids; E, digalactosyl diglyceride. 

Analytical Determinations 

Moisture, ash, crude fat, and Kjeldahl protein were determined by tie AACC 
method (5). Percent nitrogen was converted to percent protein with the factor 5.7 
in wheat products (including gluten) atd the factor 6.25 in protein concentrates 
Lipids were fractionated by thin-layer chromatography (TLC) as described 
elsewhere (4). The pure compounds ued to identify lipid components included 
trilinolein, phosphatidyl choline, phospliatidyl serine, phosphatidyl ethanolanine. 
inonopgdi:tosyl diglyceride, and digalictosyl diglyceride. The TLC of lipids ill 
wheat flour and in B..spicata in Fig. I shows that the latter contained substantial 
amounts of digalactosyl diglyceride. 

Breadmakingj 
The breadmaking formula included 100 g. flour, 1.5 g. salt, 2 g. yeast, 4 9. 

NFI)I. ()i,. sucrose, 0.50 g. 60 0 L. malt syrup, 3 g. shortening, water as needed, and 
optimum potassium bromate, except for these changes: In experimental bakin. 
with protein concentrates, NFDM was replaced by 8 or 16 g. protein concenttale 
Sililally, in some experimental baking, -hortening was omitted, added at vario'," 
levels, cr !.placed by polar lipids. An optimtm mixing time with the straight-dou. 

time at 30'C. were employed. Panning al,
and a 3-hr. fermentationprocoduic 

punching vere performed mechanically B"kin tim was 24 im. at 218 0C.Baki:!" 
tests weic replicated at least twice. Loaf volumes of bread baked from each who! 
dou-in m. were determined by dwarf rat;esced displacement immediately after tl.
bread wa ; taken from the oven. After cooling, the loaves were cut and their crurll

grain and texture evaluated. This coue was employed: S = satisfactory, 0 
queslion ', and U = unsatisfactory. 
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,IBLEIII. LOAF VOLUME AND CRUMB GRAIN OP BREAD BAKED WITH 16g. SOY FLOUR 
pjR 100 g. RBS FLOUR) AND VARIOUS LEVELS OF SHORTENING OR SUCROSE TALLOWATE 

Lipld Loaf Crumb 

.Vid 	 Level Volume Grain 

g. 	 CC. 

675 	 U.
3 	 900 S*""aning 
6 885 	 -S 
9 	 887 0-SQ 

60o5 tallowat. 	 1 875 Q
2 938 0 
3 993 S 
4 1,030 S 
6 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 I1. Pictures of some loaves baked with 16 g. soy flour 
alone and with 4 g. sucrose tallowate are co'npared with the control baked With 4 g. 
Ailk solids and 3 g. shortening (Table I) in Fig. 2. Both shortening and sucrose 
tallowate increased loaf volume and improved crumb grain; but, whereas high levels 
of shorterdng (6 g. and 9 g.) were probably slightly detrimental, increasing the level 
of sucrose tallowate to 6 g. per 100 g. flour consistently increased loaf volume and 
maintained satisfactory crumb grain at high 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 c.., Table 111) than loaf volume of bread baked by the 
complete formula without soy flour (93:5 cc., Table I). Increasing the level of 
sucrose tallowate from 0 to 6 g. gradually lengthened mixing time from 4 to about 
6.5 min. Doughs containing 6 g. sucrose t-dlowate were tough, short, and difficult
 
to handle. Crust color deepened significantly and consistently with increase in level
 
of sucrose tallowate.
 

CONTROL t 16%SOY *16%SOY 
*4% GL 

935 CC. 675 CC. 1030 CC. 

Fig. 2. Bread baked from 100 g. RBS flour. Left to right: with 4 g. milk powder and 3 g.
Ilortening; with 16 g.soy flour; and with 16 g.soy flour and 4 g. sucrose tallowate. 
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TABLE IV. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED WITH 8g. SOY FLOt 
OR0g. COTTONSEED FLOUR AND VARIOUS LIPIDS (PER 100g. RBS FLOUR) 

Lipid Lipid Loaf Crumb
 
Source Level Volume Grain
 

9. CC. 

Soy flourNone . ... 755 Q 
Shortening 3.0 870 S
 
Sucrose tallowate 0.5 915 S
 
B. spicata 0.5 883 S 

Cottonseed flour 
None 733 Q.U 
Shortening 3.0 835 S 
Sucrose tallowate 0.5 850 S 
B. spicate * 0.5 833 8 
Polar-free (wheat flour) 0.5 900 S 

Effects of various lipids on loaf vclume 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 vohlnie more than shortening, and polar wheat 
flour lipids increased loaf volulne most. The effects on loaf volume of lipids from B. 
spicatawere smaller than the effects of ,ucrose tallowate. 

Adding to three flours 8 g. (per 100 g. flour) of milk powder, air-fractionated 
wheat flour, or defatted wheat germ (without adding lipids), impaired loaf volum 
(Table V). Loaf volumes of bread baked from the three flours by the complet: 
control formula, which included 4 g. NFDM and 3 g. shortening, were 919, 92. 
and 740, respectively, for Comanche, Thatcher, and Seneca (Table I). Addition 0, 
commercial shortening or sugar (sucrose) increased loaf volume and improve. 

TABLEV. LOAF VOLUME OF E READ BAKED WITH MILK POWDER,
 
AIR-FRACTIONATED FLOUR, OR DEFATTED GERM AND 3 g. SHORTENING
 

OR 0.5 g. SUCRUSE MONOLAURATE
 

NFDM 8 g.e Air-Frac. Defatle 
4 g.a a g.a 8so-&Flour Germ 

CC. CC. CC. CC 

Commancho Flour
 
No lipid added 870 870 6sf
 
Shortening 919 950 945 Gbi
 
Sucr. Monolaurate ... 940 990 815
 

Thatcher Flour
 
No lipid odded ... 793 890 W"
 

Shortening 922 938 923
 

Sucr. Monolaurate ,.. 915 945
 

Senaca Flour
 
No lipid added 6 680
855 

Shortening 740 ,78s) 715
 

Suer. Monolaurate 680
 

aConcentrate per 100 g. flour. 
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TABLEVI. LOAF VOLUME AND CRUMB GRAIN OF BREAD BAKED WITH 8g. OF
VARIOUS PROTEIN CONCENTRATES (PER
VEGETABLE 100 g. RBS FLOUR) AND COMMERCIALSHORTENING OR SUCROSE TALLOWATE 

protein Sucrose Loaf CrumbConcentrate Shortening Tallowate Volume Grain 
g" 
 g. 
 cC. 

Torula yeast 773 G.S 
'' 
 803 
 S
""850 
 S 

oseame flour ... ... 678 U 
3 775'" 848
 

Fishmeal 

710 U

3•.., 
 843 
'" 860 

*ioaet gluten ... .. , 805 
'31. 
 845 
""990 
 S
 

aumb grain (data not given) of bread bAked with 8 g. of any of the three proteinconcentrates. There was no significant or consistent difference between theunproving effects of 3 g. shortening or 0.! g.sucrose monolaurate. Loaf volume was.cstored (to that of bread baked by the :omplete control formula) in bread bakedwith either 8 g. milk powder or 8 g. air-:ractionated flour and either shortening or)ucrose monolaurate. Loaf volume of bread ')aked with 8 g. defatted gcrm arddded lipids continued to be lower thn that of bread baked by the complete
ontrol formula. 

Loaf volume and crumb grain of bread baked with 8 g. of four proteinconcentrates and 3 g. commercial vegetatle shortening or 1.0 g. sucrose tallowate(per 100 g. RbS flour) are sundnarized in Table VI. Bread baked with 8 g. of any ofthe protein concentrates and without adied lipids was inferior to that of breadbaked by the complete control formula (S35 cc., Table 1). In each case, addition ofshortening or sucrose tallowate increasc' loaf volume and improved crumb grain.Tlhe improvement was consistently larger from adding I g. sucrose tallowate thanfrom adding 3 g. vegetable shortening. The difference is most significant in breadbaked with 8 g. functionally impaired (in breadmaking potential) commercial
luten. The results indicate that adding synthetic glycolipids (but not shortening)might restore functional properties of commercial gluten. More-detailcd results of

similar investigations will be reported shortly. 

AcknowledgmentThe following gcncrously provided samples used in this study: G. A. White. USDA,Beltsville, Maryland, seed of B. spicata; Archer-DanielsMidland Co., Minneapolis. Minnesota,loy flour; Traders Protein Division, Fort Worth. Texas, cottonseed flour; and Colonial SugarsCo., Gramercy, Louisiana, sucroglycerides. 
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An Evaluation of Natural vs. Synthetik Substrates for Measuring the 

Antitryptic Activity of Soybean Samples' 

M.L. KAKADE, NANCY SIMONS, and I. E. LIEN- R,Departnient of BlochemiIsty,
 
College of Biological Sciences, University of Minne.ota, St. Paul, Minnesota 65101
 

ABSTRACT
 

The casein digestion method of Kunitz for the measurement of trypsin inhibitor 
activity of soybean extracts has been modified to obtain more accurate and reproducible 
results. The modification involved the use of 2% casein (instead of 1%) and the 

to A3I1. The use ofmathematical transformation of absorbance rev.dings (A) at 280 mu 
the synthetic substrate, benzoyl.DL-arginii.--nitroanlide (BAPA), proved to be a 

convenient and reliable method of assaying trypsin inhibitor activity provided one ta es 

into account the competitive nature of the inl ibition. The latter effect could be largely 
compensated for by extrapolating the trypsi.n inhibitor activity, expressed as trypsin • 
units ihibited per tl. 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 casein or IIAPA. the quantity of trypsin inhibited was consistently higher 
when BAPA was employed as the substrate. 

Casein has been widely used as a substrate for measuring the trypsin inhibito: 

activity of natural trypsin inlhbitors such as those which occur in soybeans and 
method employing casein is the one original.".other 	legumes. The most common 

desaribed by Kunitz (1) which involves 	 the spectrophotometric determination C 
a given conccntration of trypsin in t6th, breakdownit products produced by 

presence and absence of the inhibitor. However, as pointed out by scv:, 
investigators (2,3) and according to our own experience, the fact that tle rate C 

zerohydrolysis of casein by trypsin does not follow order kinetics under t!.. 

conditions defined by Kunitz (1) detracti from the reliab;lity of this method ai2 
poses problems of reproducibility. 

On the iier hand, the styptic hydrolysis of a synthetic substrate such 
bcnzoyi.DL-avgininc-p-nitroanilidle (BAPA), first introduced by Erlanger et a]. (

toes follow %acro order reaction. and or, o!ta;.ls, within broad linmits, a line. 
iclationship between the quantity of p.nitruantline released and dte concentralt, 
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