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ABSTRACT

Flours milled from heat- and moisture-treated hard white wheat (KS-
196) contained reduced levels of polyphenol oxidase (PPO), but not
peroxidase (PO). With a 12-min heating period, the PPO activity
decreased with increasing moisture content (MC) from 13 to 15%,
whereas with 4- and 8-min heating periods, the PPO activity was insen-
sitive to moisture level. When the tempering period was increased from
1 to 4 hr at 19% MC, PPO activity in the heat-treated wheat was unaf-
fected. Three other wheat cultivars, tempered to 15% MC for 1 hr and
then heat-treated for 8 min at 100°C, yielded flours with =50% reduction
in PPO activity. Heating the KS-196 wheat for 12 min at 100°C reduced
PPO activity in flour by as much as 76%, but destroyed the elasticity of
gluten as determined by mixograms. White noodles and yellow alkaline
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noodles, made from heat-treated (15% MC, 8 min, 100°C) KS-196
wheat, had improved brightness in the raw state and showed little change
in cooking quality and cooked texture, except for reduced firmness.
When KS-196 wheat was pearled to remove 28% of its weight, and the
pearled kernels were heat- and moisture-treated at 15% MC for 8 min at
100°C, the straight-grade flour contained 75% less PPO activity than the
untreated wheat flour. White noodles made from pearled, heat- and
moisture-treated wheat were brighter than those made from pearled
untreated wheat. A white noodle dough, made from heat- and moisture-
treated wheat with aminoguanidine bicarbonate added, had the brightest
dough (L* = 75) after 24 hr at 25°C.

Noodles that are not precooked or dried during manufacturing
are prized for their retained flavor. The appearance of noodles is
important to consumers. White noodles should be bright and
white; yellow alkaline noodles should be bright and yellow with-
out specks. Raw noodles with 35% moisture (wet basis) have a
high water activity. During storage, they undergo browning fol-
lowed by microbiological spoilage. Much of the browning is
thought to be caused by two enzymes present in wheat, o-diphe-
nol oxidase, also known as polyphenol oxidase (PPO), and per-
oxidase (PO) (Kruger et al 1992, Baik et al 1995). Those
enzymes catalyze the oxidation of free, reduced phenolic com-
pounds to quinones, which react to form brown pigments.

PPO and PO enzymes are present largely in the bran fraction of
milled wheat, and their levels in flour rise with increasing
extraction rate (Marsh and Galliard 1986, Hatcher and Kruger
1993, Baik et al 1994a). Moss (1971) observed increased brown-
ing of noodle dough upon addition of 0.08% tyrosine to the flour,
indicating that browning was limited by substrate concentration.
PPO activity also has been implicated in the browning of pasta
products (Kobrehel et al 1972, Feillet et al 1974), chapattis
(Abrol and Uprety 1970), and vital wheat gluten (Kim et al
1991).

Preventing Enzymic Browning

PPO has a copper prosthetic group and is inhibited by chelating
agents (Mayer and Harel 1979) and by zinc and calcium ions
(Bolin and Huxsoll 1989), but those additives may affect flavor.
Sulfite is used widely to denature PPO (Whitaker 1985), but sul-
fite destroys the elasticity of wheat dough (Bloksma and Bushuk
1988). L-Ascorbic acid inhibits browning by reducing quinones to
phenols and by reacting with and removing oxygen. The dehy-
droascorbic acid formed in the reaction is unstable, however,
especially in dough at pH 5-6, and may induce browning (Shin
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and Feather 1990, Sawamura et al 1994). L-Ascorbic acid
improves the yellow color of dried spaghetti (Walsh et al 1970,
Milatovic 1985) and the brightness of raw noodle doughs (Baik et
al 1995). PPO browning can be inhibited by use of modified
atmosphere packaging (Faulkner 1989) and by addition of a pro-
tease enzyme (Luo and Patterson 1994).

PPO is a heat-labile enzyme and is inactivated readily by a
short heat treatment at 70-90°C in fruit and vegetable tissues
(Vamos-Vigyazo 1981). On the other hand, PO is a relatively
heat-stable enzyme and is used as an index of adequate blanching
in foods (Reed 1975). In wheat, PPO is membrane bound, and its
activity is measured by the rate of oxygen consumed by the tissue
in the presence of excess substrate (Marsh and Galliard 1986).
However, PO in wheat is soluble, and its activity can be measured
spectrophotometrically in an extract after adding excess substrate
and hydrogen peroxide (Edwards et al 1989).

Heat and Moisture Treatment of Wheat

Heat treatment of wheat at 13-17% moisture content (MC) in a
screw conveyer at 95-110°C for 4 to 12 min was reported to
inactivate lipolytic and oxidative enzymes without altering the
physical and functional properties of the flour (Bookwalter 1985).
Hot air drying of wheat and the baking quality of the resulting
flour has been studied by several authors (Finney et al 1962,
Lupano and Anon 1987, Zamponi et al 1990). Loaf volume,
crumb grain, mixing time, and protein solubility were adversely
affected at grain temperatures above 71°C. Those investigators
did not measure the inactivation of PPO and PO in the wheats or
flours.

Wheat flour contains low levels of glucose and fructose
(Williams and Bevenue 1951, Toepfer et al 1972), and those sug-
ars may react with free amino groups of wheat proteins during
heat treatment of wheat to produce Maillard browning in the
endosperm. In Maillard browning, reducing sugars react with
amino groups to produce 1-amino-1-deoxy-2-ketose derivatives
(Amadori compounds), which undergo further degradation to give
highly reactive dicarbonyl sugar derivatives as browning reaction
intermediates. Aminoguanidine reacts with the dicarbonyl sugar
intermediates to form a colorless stable triazine molecule that
stops Maillard browning (Hirsch et al 1992).



Moisture movement into wheat kernels using excess tritiated
water has been investigated (Moss 1977). Within the first hour,
water penetrated into the aleurone cells of common hard wheats,
and in many cases, into the starchy endosperm to a depth of only
50-60 pm. Further penetration into the endosperm was delayed
for several hours.

The objectives of this investigation were to: 1) temper wheat
briefly and then rapidly heat and cool it to reduce the levels of
PPO and PO with minimum damage to endosperm protein; 2)
mill the heat- and moisture-treated wheat into flour and determine
its dough mixing and noodle making properties; and 3) investi-
gate other methods to reduce browning of raw noodles.

MATERIALS AND METHODS

Materials

Hard white winter (HWW) wheat (KS-196), grown in 1992,
was obtained from the Dept. of Grain Science and Industry at
Kansas State University, Manhattan, KS. A straight-grade flour
milled from the wheat contained 11.0% protein, 0.42% ash, and
0.72% free lipids on a 14% moisture basis and had a falling num-
ber of 474 sec. Unless otherwise stated, KS-196 wheat was used
throughout the investigation. The HWW wheat cultivar Arlin with
8.5% protein was obtained from the American White Wheat
Growers Association, Atchison, KS. The two commercial sam-
ples of mixed hard red winter (HRW) wheats with protein con-
tents of 11.2 and 9.3% were obtained from Cargill Flour Milling
Division, Wichita, KS.

All inorganic chemicals were reagent grade from Fisher Scien-
tific Company (Fair Lawn, NJ). Catechol, guaicol, ethylenedia-
minetetraacetic acid, trichloroacetic acid, kojic acid, 4-hexylre-
sorcinol, cysteine, hemoglobin, tristhydroxylmethyl)amino-
methane, linolenic acid, and 4-methylumbelliferone heptonate
were from Sigma Chemical Co. (St. Louis, MO). Ami-
noguanidine bicarbonate was from Aldrich Co. (Milwaukee, WI).
Kansui was a 9:1 (w/w) mixture of sodium and potassium car-
bonates.

Heat and Moisture Treatment of Wheat

KS-196 wheat (400 g) was placed in a small rotating drum
(diameter = 30 cm, length = 45 cm) at 25°C. Water (6-21 g) was
added slowly to the tumbling grain. After tumbling for 10 min,
the moistened grain with 13-19% MC (wet basis) was held in a
sealed polyethylene bag at 25°C for 1-4 hr. The tempered wheat
(400430 g) was placed in a Miag laboratory wheat conditioner
(Fig. 1) with the drum rotating at 6 rpm, while the flow rate of air
through the drum was set at 20 m*/hr (334 L/min). The drum and
the inlet air temperatures were maintained at 80 or 100°C, and the
residence time of the wheat in the drum was 4-12 min. The tem-
perature of heat- and moisture-treated wheat was measured by a
thermocouple inserted into a portion (25 g) of the grain that had
been removed from the drum and placed in a small dewar flask.
The treated wheat was removed from the hot drum within 15 sec
and was cooled immediately by blending with powdered dry ice.
A portion (25 g) of the cooled wheat was sealed rapidly in a
polyethylene bag with a small head space and was used to determine
the moisture content. The remainder of the wheat was dried at
ambient conditions for =6 hr and placed in polyethylene bags.

Experiments were performed in a 2x3x4 factorial design con-
sisting of temperature (80 and 100°C); time (4, 8, and 12 min);
and moisture level (13, 15, 17, and 19%). All experiments were
done in triplicate. Analysis of variance was conducted with SAS
(1986) using the general linear model.

Two commercial HRW wheats and another HWW wheat
(Arlin) were tempered for 1 hr to 15% MC, heat-treated at 100°C
for 8 min, and then cooled rapidly. After drying, the wheats were
tempered again and milled into flour, and PPO activities of the
flours were measured. The experiments were done in triplicate.

Heat and Moisture Treatment of Pearled HWW Wheat

KS-196 wheat (40 g per batch) was pearled in a Strong and
Scott barley pearler (Seedburo Inc., Chicago, IL) for 90 sec. The
material abraded from the surface was 11.2 g. Pearled wheat (400
g) was placed in the small rotating drum and brought to 15% MC
by adding water and tumbling the mixture for 10 min. The mois-
tened pearled wheat was heated immediately at 100°C for 8 min
in the Miag wheat conditioner and then cooled rapidly. After
drying, the sample was tempered again and milled into flour,
which was then assayed for PPO activity and made into white
noodles. The experiments were done in duplicate.

General Methods

Protein (N X 5.7), moisture, and ash in wheat flours were
determined according to AACC Methods 46-11, 44-15A, and 08-
11, respectively (AACC 1983). Free lipids from flours were
extracted according to AACC Method 30-25. Analytical data for
flour are reported on a 14% moisture basis. Falling number, using
flour, was determined by a Falling Number 1400 instrument
(Perten Instruments, Reno, NV) (AACC Method 56-81B); gluten
was determined with a Glutamatic 2200 instrument (Falling
Number, Stockholm, Sweden) (ICC 1988); and mixograms
determined on a 10-g mixograph (AACC Method 54-60). Whole
wheat flour was produced by grinding grain (50 g) on a 1093
Cyclotech (Tecator Inc., Sweden) mill to pass through a wire
mesh with openings of 0.5 mm. Straight-grade flour of =66%
extraction was milled from tempered wheat (200 g) using two
Quadrumat junior mills in tandem (C. W. Brabender Instruments
Co., South Hackensack, NJ). The wheat was tempered to 15%
MC for 16 hr at 25°C before milling. Statistical analysis of data
was done using SAS (1986).

Enzyme Assays

PPO activity was measured in flour, whole meal, and bran by
monitoring the rate of oxygen uptake using a Biological Oxygen
Monitor (model 5300, Yellow Springs Instrument Co. Inc., Yel-
low Springs, OH) equipped with a Clark polarographic electrode
(Lamkin et al 1981). PO activity in ground whole meal and in
white flour was determined according to Edwards et al (1989).
Activities of PPO and PO were expressed as means of triplicate
determinations and are reported, respectively, in units of nmol O,
consumed/min/g of dry sample and mmol of H,0, con-
sumed/min/g of dry sample.

Lipoxygenase was measured by modifying the assay procedure
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Fig. 1. Side-view drawing of Miag Laboratory wheat conditioner. The
air-flow meter and temperature controller and recorder are not shown.
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