Effects of Flour Lipids on Cookie Quality*
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ABSTRACT

Flours of four wheat varieties, defatted with petroleum ether, produced smaller
cookies with reduced topgrain definition than parent whole flours. Return of
unfractionated free lipids to defatted flours at normal concentration restored original
spread and top-grain quality. Polar and nonpolar lipid fractions alone were only partially
effective in improving defatted flour; both were required for full restoration of quality.
Thin-layer chromatography of lipid extracts revealed no detectable varietal differences.
Flour-liqid interchange by variety produced no cookie quality differences owing to free
lipid source. Cookie characteristics at normal lipid concentration were determined by
varietal properties of defatted flour residues. Both whole (parent) and defatted flours
increased progressively in cookie spread and top-grain score when treated with free lipids
at 1.5X, 2X, and 3X normal levels.

The present study was designed to assess the contribution of flour lipid fractions
to soft wheat baking quality, using the sugar-snap cookie test (1). Results of this
work agree with the earlier observations of Cole et al. (2), and extend the scope to
determine the effect of varietal source of lipids. In addition, the concentration
effects of free lipids and of nonpolar and polar fractions on both defatted and
whole (parent) flours were studied by a simplified flour-lipid recombination
technique. Within the context of this study, “free” lipids are defined as those
compounds extractable in petroleum ether.

The recognition of wheat-flour lipids as a quality factor in hard-wheat
bread-baking dates from the work of Sullivan et al. (3,4) and Cookson et al. (5,6).
More recently, Pomeranz and co-workers (7,8,9,10,11), using column and thin-layer
chromatography, fractionated and analyzed lipid extracts and determined
functional properties by relating the fractions to loaf-volume responses. The effects
of lipid materials on a soft wheat product, the sugar-snap cookie, were first
reported by Cole et al. (2). Of the many research papers on lipids since 1960, few
refer directly to soft wheat quality.

MATERIALS AND METHODS
Wheats of four varieties—Purkof, Thorne, Avon, and Blackhawk—grown at
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Wooster, Ohio, in 1966, were milled to straight-grade flours. Purkof is a semihard
red wheat, Thorne and Blackhawk are soft reds, and Avon is soft white. A portion
of each flour was batch-refluxed in a Soxhlet apparatus with petroleum ether (b.p.
35° to 60°C.). After extraction for 8 hr., each residue was aerated, remixed, and
refluxed for 8 additional hr. Extracted flours were spread thinly and equilibrated
with the atmosphere. Extracts were pooled by variety, clarified by centrifugation,
and concentrated by solvent evaporation under vacuum below 35°C. Fractionation
of petroleum-ether extracts was achieved on a silicic acid column by elution with
chloroform to separate nonpolar fats, followed by methanol to remove polar
materials (11). Eluates were cleared and concentrated.

Qualitative separations of nonpolar components were made by thin-layer
chromatography (TLC) by using chloroform as the solvent. Polar materials were
separated with a 65:25:4 (v.:v.:v.) mixture of chloroform-methanol-water. Plates
were charred with a potassium dichromate-70% sulfuric acid spray and
photographed under ultraviolet light.

In the baking studies, recombination of lipids and extracted flours were
accomplished in two ways. Initially, lipids were returned by contact-wetting of
defatted flour with 2.0% solutions of test lipid in petroleum ether. Flours were
stirred constantly during the addition of lipid solutions for uniform distribution of
the deposited material. Treatment concentrations were calculated as fractions or
multiples of the yield of lipid actually found for the specific flour. Flours were
aerated overnight to remove traces of petroleum ether.

Experience with fat additives in the cookie test (12) suggested an alternative
method of restoring fatty materials directly to the sugar-shortening creamed mass in
the baking procedure. Baking performance of extracted flour treated with lipids by
contact-wetting was compared with results from the simplified direct-addition
procedure. Subsequent study of the lipid-concentration effects were carried out by
the direct-addition method only.

All lipid samples were stored at 4°C. when not in use. With the exception of the
lipid additives, the Wooster cookie test (Micro Method III) of Finney et al. (1) was
used without further modification.

RESULTS AND DISCUSSION

The ranges of protein and ash contents were normal for flours from wheats
which had been grown near Wooster (Table I). Free lipids varied from 0.81% for

TABLE I. ANALYSES OF FLOURS AND LIPID EXTRACTS?

Free Lipids Ratio

Nonpolar

Flour Protein Ash Total Nonpolar Polar to Polar

% % % % %

Purkof 8.9 .37 .89 67.3 32.7 2.06:1
Thorne 8.4 .36 .95 69.1 30.9 2.24:1
Avon 7.3 .38 .81 71.2 28.8 2.47:1
Blackhawk 9.9 .37 .93 68.7 31.3 2.19:1

2All data on a 14% moisture basis.
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Avan to 0.95% for Thorne; these tabular values were used in calculating
reconstitution treatments. Thus, the 2% application to Thorne, by either procedure,
contaitied 1.90% lipid by welght, or 0.76 g. per 40 g. of test ous, The proportions
af polar and nonpolar fractions waried over o small range, with the lowest ratio of
nonpaelar to polar contained b Purkof and ihe highest in Avon,

The physical appearance of defatted flour differed markedly (rom its control,
Removal of pigmentation, aloig with lipids, by the solvent increazad the whiteness,
Lipid-free particles settled and packed more efficiently in containers: bulk densily
increased 209 for Purkof and abowt 33% for the soft sarieties. Defatied fowrs,
when poured, were extremely dusly and difficult to handle. Reconstitution by
confaci-welting with lipld solutions appeared to return defatted Mours o their
original physical state.

Duta from experimental baking were obiained a5 the mean diameter of two
eonkies from each dough and as & refative top-grain scone (ramging from O for no top
definition to 9 for maximum uniform breakup). The standard deviation o cookie

Fig. 1. Cookie from parent flours {oomtrol]l, ofter potrolssm athar costeet [+ solvent),
folbowing total free-lipid rmosal lextreciod floar), amd liped resioration by eoniactsatting ams
by sddition 1o shartehing = coakm dough, Volees bolow cookies are moan dismeters of wo
codcies {in em.) angl tep-grain scores lrange O to 81,
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diameter was 20,23 &qn, (LD = 0,45 an Jand lTor 14_1?-Er¢i11 was 1.3 units [L.‘_-',.D =
2.5 uniig) for duplicate determlations.

Figure 1 sumimarizes the effects on the four control fours of solvent contact
(tsalvent), removal of lpkds {extracted flowr), and return of the normal bevel of
lipid {+1%) by contaci-weiting with lpld ssdution and by direct addition of Bpid o
the gookie deugh via the shorlening-sugar creamed mass, Solvent efTects on the
perent [bours were minor, with a tendency toward inereased diameters and top-griin
definitien. The improving effects on top-grain of petroleum-sther wetting of whols
four (without removal of lipids) wae noted earlier {12), The solvent-contact
response may be attributed to a rebocation of Upids to the Mowr suelace by pardial
extraction and cvaporation.

Cookies from exiracted Mours {(Fag. 1) were significantly smaller in diameter and
poorer in appearance than their respective controls, Extrocted Oowrs produced
cookics of lighier than mormal cobor; yellow e was mcreased @ the comeend rmtion
of added lipid incressed. BRestoration of normal levels of free lipids by
contact-wetting of defatted flowr refurmed mod of the l"lhnl.'. pofential fo (he
varictics studied. However, the method was kborious, {ime-consuming, and
inflexible. It was found thai simple, direct application of a weighed quantity of

Fig. 2. Cookies from parant Tiours {eontrol), following botal freelpid remosal (extractod floar),
amd addition of 0U5-, 1., and Z-times axiracted peds by the contact-satting mathod.
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Lipid o the creamed sugar-shortening resulied in cookies bearing closer resemblance
to the controls. The direct-addition method of lipid restoralion was used for
subscquent work,

The effects of liped concentration on coeokies are summarized in Flg. 2, For each
variety, the addition of one-hall the pormal lewel (#0.5%) of free lipsd o e
extracied flour produced improvement in baking performance. Lipad treatments at
norimal I:_+|-:?{} and twice-mormal “3:’” levels resulied Wi codskles -ul,!ual Loy aor better
than the control Mowrs, For cach variety, increased lpid applied o defailed {lour
gave larger cookie digmeter, greater top-grain definition, and more Intense coskie
color.

In Fig. 3 a thinlayer chromatogram  is shown of the polar and monpolar
fractions of Ffree Hpid extracts from the four varietal fours. Two hundred
migrograms of cach nonpolar Upll, on the belt, were developed by chloraform. The
spots ore identified as (A} hydrocarbons and similor components, (B} triglycerides,
(C) diglycerides, (D) free Tatty acids, and (E) monoglycerides, Polar-lipid fractions
(F}) were unreselved in this solwent.

Figure 4 illustrates the TLC separation of the same lipid fractions by the polar
mixed-solvent swstem (chlocoform:methanolwaterh, In this case, (A} nonpolar
lipide and (B} free fatty acsds plus monogalnclosyldiglyceride moved rapidly with
the solvent front. Nonpolar materials were only partinily resolved by this relatively
polar solvent system, For the polar frogtion, the major spot (C) is identifled

]
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Fig. 3. Thin-layer chrematogerams of nonpalar and polar fractsons of petroloum-sther extracis

from Thorre (Thi, Avon [Aw], Blackhawk Bil, and Purkof (Pul floars. Chromatogrms wans
dowsloped i CHIC, , See tawt for et iflestion of spots.
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Fig. 4. Thin-layer chrosmatograms of nonmpalar and palar frectsom of prtrolssm sther sxtracs

Tram Thorme (Th, Aven [A), Blackhawhk (BI], and Purkol (Pul flours, Chromatogmms wens
dervalo el im CHCI, (CHy OH:HOH |65 264, vt in ). Baw taxt for sdentification of spotE

tentatively ns dipalactosyldiglyceride, the trace (D) as phosghatidyl choline, and {E)
a5 highly polar compoaents, including Upoprotein. Vardetal differences were o
shown by separaticons on either of these plates.

Table I presents results of an inferchangs of lipids in the four varictal extracoed
Mouss at the normal (#0606 level, All reconstitutions with Porkof defatted flour,
regardbess of lipid sowrce, prodeced cookies with Purkoftype characteristics.
similar results were found for the remaining three varieties, although the 13 lavel
of lipid was not sufficient to restore the full diameter o Blackhawk. In e
foregoing data it appeared that some level of lipid was necessary to achieve cookie
guality, but quality (varietal) differences resided in the base flour. These results
were predicled by Cole et al. {2) from a single interchange of Hpids from soft and
hard wheat scurces.

Polar and nonpolar fractions of free-lipid extracts from the varietal flours were
returmed by direct addition to doughs from their respective defatted flours ot 12X,
La, and ¥ levels. Treatments combining nonpolar plus polar fractions (2:1 ratio)
wore aley inclueded at these concentrations (Table 11} Additions of 1% polar or 13X
nonpoedar Tractions alone were only partially efTective in restoring the cookie-baking
polental of extracted control flowrs. Cookie spread was essenthally equal with
elther rmatertal, but top-grain was noticeably better with polar lipid. In every case
the combination of lipid fractions resulted in cookies neady identical to the origingl
control Mours,

After the imitial improvement by +13 additions, Purkol was unresponsive to
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TABLE Il. RESULTS OF INTERCHANGE BY VARIETY OF FREE LIPIDS
WITH EXTRACTED FLOURS?
Control E xtracted Variety Source of Lipid
Flour Flour Flour Purkof Thorn Avon Blackhawk
Variety D TG D TG D TG D TG D TG D TG
cm. cm. cm. cm. cm. cm.
Purkof 16.8 2 15.9 1 16.6 2 17.0 3 16.8 2 16.9 2
Thorne 17.8 8 16.9 2 17.7 4 17.8 7 17.6 5 17.6 5
Avon 17.7 7 17.0 3 17.9 8 17.7 6 17.6 7 17.7 7
Blackhawk 18.1 9 16.8 3 17.5 8 17.5 9 17.6 8 17.7 8
3Lipids added by contact-wetting with 2% solution in petroleum ether at (1X) normal
concentration. D = Diameter of two cookies, in cm.; TG = top-grain score.

TABLE IlIl. RESPONSES OF DEFATTED AND CONTROL FLOURS TO
CONCENTRATION OF NONPOLAR AND POLAR LIPIDS ALONE AND IN
COMBINATION, APPLIED BY DIRECT ADDITION TO COOKIE DOUGHS

Free Variety FlourP
Lipid? Purkof Thorne Avon Blackhawk
Flour Treatment Level D TG D TG D TG D TG
% cm. cm. cm. cm.
Extracted flour 0.00 15.9 1 16.9 2 17.0 3 16.8 3
+ 1X Nonpolar lipid 0.60 16.3 3 17.4 3 17.6 4 17.4 4q
+1.5X Nonpolar lipid 0.90 16.3 1 17.3 3 17.7 5 17.0 4
+2X Nonpolar lipid 1.20 16.2 2 17.8 5 17.9 6 17.3 4
+ 1X Polar lipid 0.30 16.4 3 17.2 4 17.4 4 17.4 5
+ 1.5X Polar lipid 0.45 16.4 2 17.4 6 17.6 6 17.7 7
+2X Polar lipid 0.60 16.4 2 17.6 7 17.9 8 17.8 8
+1X (Nonpolar and polar) 0.90 17.2 7 18.0 9 17.8 7 17.8 8
+ 1.5X (Nonpolar and polar) 1.35 17.3 9 18.0 9 18.1 9 18.2 9
+2X (Nonpolar and polar) 1.80 17.2 9 18.0 9 18.3 9 18.4 9
Control flour 0.90 16.8 2 17.8 8 17.7 7 18.1 9
+0.5X Free lipid 1.35 174 4 18.0 7 180 7 184 8
+1,0X Free lipid 1.80 17.2 8 18.2 8 18.3 8 18.2 8
+2.0X Free lipid 2.70 17.5 9 18.3 9 18.4 9 18.5 9
+3.0X Free lipid 3.60 17.6 9 18.7 9 18.5 9 18.4 9
+ 1X Nonpolar 1.50 17.1 6 18.0 8 17.6 5 18.2 8
+ 1A Polar 1.20 16.9 6 18.2 6 18.0 9 17.7 8
+ 1X (Nonpolar and polar) 1.80 17.3 5 18.2 8 18.1 9 18.3 8
+ 2X Nonpolar 2.10 17.1 5 17.9 5 18.0 6 c
+2X Polar .50 170 6 179 7 181 8 182 9
+2X (Nonpolar and polar)  2.70 185 9

aAvemge quantity of free lipids present or added to flour. Exact quantity

varied slightly with va

riety.

bD = Mean diameter of two cookies, in cm.; TG = top-grain score.

CSamples of lipid fractions exhausted.
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higher levels of both polar and nonpolar extracts alone. The combination of lipids,
however, continued to produce improvement in top-grain as lipid level was
increased. Improvements in Thorne were noted with 2X additions of polar and
nonpolar fats. Avon responded with increased spread and boldness of top-grain at
higher levels of all lipid fractions used in the experiment. Blackhawk improved
significantly with higher levels of polar lipids and with the combination treatments.

Baking responses for lipid additions to varietal control flours are also given in
Table III. Both cookie diameter and top-grain score increased markedly with
increased lipid at concentrations up to four times the level occurring naturally in
the flour. Twice and three-times normal levels of nonpolar or polar lipid alone
produced only small improvements over performance of the control flour. These
data indicate that the combination of polar plus nonpolar lipids (corresponding to
the original ratio of lipid fractions) is more effective than either fraction alone in
improving the cookie spread of whole flours. Baking performance of a poor-quality
flour can be improved significantly by additions of free flour lipid.
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