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Changes in Gliadin Proteins During Cookie Making'

Y. POMERANZ>’ G. L. LOOKHART,? G. L. RUBENTHALER,* and L. ALBERS®

ABSTRACT

Gliadin proteins were characterized in sugar snap cookies from eight
flours representing both soft and hard wheats varying widely in protein
contents and functional properties that were baked by a conventional
method or steamed. The methods used for gliadin characterization in-
cluded polyacrylamide gel electrophoresis and high-pressure liquid
chromatography. Chromatographic peaks of highly hydrophobic gliadin
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proteins extracted from steamed cookies were smaller than those extracted
from baked cookies; the decrease was larger in good than in poor cookie
flours. The results indicated that binding (inextractability) of gliadin
proteins during baking varies with end-use properties of cookie flours,
type of baked product, and type and length of baking regime.

The contribution of gluten, and especially gliadin, proteins to
breadmaking was reviewed by Pomeranz (1985, 1987, 1988). We
recently reported on changes taking place in gliadin proteins
during breadmaking (Menkovska et al 1987, 1988). Polyacryla-
mide gel electrophoretic (PAGE) gliadin bands with low relative
mobility (w-gliadins) were equal or more intense (stronger) and
those with high relative mobility (a-, 8-, and +y-gliadins) were
less intense (weaker) in the extract of the bread crumb than those
bands found in the extract of the corresponding flour. High-
pressure liquid chromatographic (HPLC) analysis of gliadin
extracts from bread crumb indicated that the highly hydrophobic
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gliadins were more reactive (bound) than less hydrophobic
gliadins. The changes were more pronounced in good than in
poor breadmaking flours. Little is known about the role of gliadins
in cookie making. We now report changes that occur in gliadin
proteins when flours are made into regular snap or steamed
cookies.

MATERIALS AND METHODS

The eight flours used in this study are described in Table I.
They were milled from wheat grown at Pullman, WA, from the
1984 crop. WA 7215 was a composite from the Western Regional
White Winter Wheat Nursery of 1984. The wheats were micro-
milled as described by Pomeranz et al (1985). The wheats were
selected to include the main types produced in the Pacific
Northwest: club, soft white winter (SWW), hard white winter
(HWW), and hard red winter (HRW). Except for the HWW
WA 7215, the flours were low in protein and, in general, considered
suitable for cookie production. However, as indicated in Table
I and Figure 1, the sugar snap cookies baked from these flours
differed widely in diameter. The first four flours in Table I
produced (based on cookie diameter) satisfactory cookies; the
others were evaluated as decreasingly questionable to unsatis-
factory. The three hard wheats were unsuitable for cookie
production.

Protein, moisture, and ash values of the flours were determined
according to AACC procedures (1976). Mixograph water absorp-
tion was determined according to the procedure of Finney and



TABLE 1
Characteristics of Flours Used in the Study

Variety Mixograph Cookie
or Yield" Protein Ash" Absorption® Diameter
Selection Class" (%) (%, N X 5.7)" (%) (%) (em)
Moro Club 74.5 7.8 0.35 52.4 9.58
ORCW 8314 SWw 74.3 7.1 0.38 53.7 9.39
Dusty SWW 74.7 8.0 0.36 54.0 9.15
Nugaines SWW 70.7 6.8 0.33 54.2 8.94
SN 121-81 Club 70.3 7.1 0.40 57.5 8.66
Burt HWW 67.5 8.0 0.35 59.5 8.30
Hatton HRW 69.2 7.7 0.36 60.6 8.10
WA 7215 HWW 69.9 10.2 0.43 62.3 7.65

*SWW = soft white winter, HWW = hard white winter, HRW = hard red winter.

" 149% moisture basis.

MORO 9,30 ORWB314 913 DUSTY 9,01 1NUG:AIHES 9.0

WA7215 7,55

HATTON 8,12

SN121-81 8.66

BURT 8.45
Fig. 1. Regular cookies baked from eight flours used in this study.

Shogren (1972). Regular snap cookies were baked using the
procedures of Finney et al (1950) and Sollars and Barrett (1964).
Cookies were baked from 20 g of flour at 204°C for 10 min
or steamed at 100°C for 20 min. The cookies were broken up,
ground in a mortar, and defatted exhaustively with petroleum
ether in a Soxhlet apparatus prior to extraction of gliadin proteins
for PAGE and HPLC examination. The solvent from the cookies
was allowed to evaporate at room temperature until no petroleum
ether odor was detected, and the defatted cookies were ground
on a micro-Wiley mill to pass a 20-mesh sieve. Defatted cookies
were extracted with 70% ethanol and analyzed by PAGE and
HPLC methods as described by Menkovska et al (1987a,b).

RESULTS AND DISCUSSION

Mixograph water absorption and cookie diameter (Table I)
were highly correlated (r = —0.983). Electrophoregrams of
gliadins extracted from four flours and corresponding baked
cookies are compared in Figure 2. Basically, there was a substantial
and consistent reduction in intensity of most electrophoretic bands
from slow-moving w-gliadin for flour extracts to cookie extracts.
Similar results were found for the other four pairs of flours and
cookies (not shown).

Because the gliadins were extracted from a constant weight
(250 mg) of each sample and were otherwise treated identically,
the band intensities of the sugar-rich cookie extracts would be
expected to be about two-thirds as intense as those from flour
components. However, since Coomassie stain is not quantitative,
only semiquantitative and qualitative visual information could
be obtained. Consistent increases were found in the intensities
of a slow-moving w-gliadin band in cookie extracts versus flour
extracts (Fig. 2, marked with —). It appears that baking (heating)
increases solubility of the slowest moving w-gliadins and decreases
the solubility of most other gliadins or causes polymerization
of lower molecular weight proteins into ones of higher molecular
weight. An additional band (marked >) was found at the top
of the gel for each of the baked cookie extracts.

For comparison of HPLC patterns (Fig. 3), we selected four

Fig. 2. Electrophoregrams of gliadins extracted from flours (lanes I, 3,
5, and 7) and corresponding snap cookies (2, 4, 6, and 8) of soft white
winter wheat cultivar Dusty, soft white winter wheat selection ORCW
8314, club selection SN 121-81, and hard white winter wheat selection
WA 7215, respectively. Pattern 9 is for the reference hard red spring
cultivar Marquis.

flours: a low-protein HRW (Hatton), a low-protein SWW of
medium cookie-making quality (Dusty), a low-protein SWW of
good cookie-making quality (ORCW 8314), and a medium-protein
HWW bread type (WA 7215). A similar general picture was
obtained during examination of HPLC elution patterns of the
other four flours (Moro, Nugaines, SN 121-81, and Burt; not
shown here). The peak areas of eluted peaks were lower for extracts
of cookies (B and C, Fig. 3) than for extracts of the corresponding
flours (A, Fig. 3), especially for peaks eluting after 23 min. The
decrease was larger for the steamed cookies (B) than for the baked
cookies (C). The reason for the difference is not known; it could
be due to the longer heat treatment, albeit at lower temperature,
of steamed cookies (20 min) than of baked cookies (10 min).
However, Schofield et al (1983) found that the damage in gluten
samples heated over 75°C was done within 2 min. Therefore,
the method and/or rate of heat penetration may have affected
the inextractability of some gliadin proteins.

Highly hydrophobic gliadins (elution times about 23 min) de-
creased more in cookies (especially steamed) baked from good,
soft wheat flours (Dusty and ORCW 8314) than from poor, hard
wheat flours (Hatton and WA 7215).

The results indicated that inextractability of hydrophobic
gliadin proteins during cookie baking varies with end-use prop-
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Fig. 3. High-pressure liquid chromatographlc elution patterns for extracts of flours (A) steemed cookies (B), and regular cookies (C) for hard
red winter cultivar Hatton, soft white winter wheat cultivar Dusty, soft white winter selection ORCW 8314, and hard white winter wheat selection

WA 7215,

erties of flours, type of baked product, and type and length of
heating-baking regime.
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