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ABSTRACT Cereal Chem. 74(3):284-287

Alkylresorcinol (AR) content was determined in multiple-stage wholeand whole rye flour sours. AR content, which was 512 andu@l1g in
wheat and whole rye flour sours, as well as in whole wheat and wholehole rye and whole wheat flour doughs, respectively, was 30 a0
rye flour doughs and breads. AR content decreased considerably durirespectively, after baking of breads. Synthetic AR added at different
fermentation and baking. AR content was reduced by 20 and 46%gvels to doughs was also greatly reduced during fermentation and
respectively, at the end of sourdough starter fermentation of whole whebhaking.

Alkylresorcinols (AR) are amphiphilic phenalic lipids found in cytes and liposomes (Kozubek and Demel 1980) and to change the
plants from a number of different families notably the Anacardi- properties of the hydrophobic environment of the membrane
aceae (such as poison ivy, cashew nut shell, poison oak), Pro- (Kozubek et al 1988). AR also possess hemolytic activity, which is
teaceae (such as Grevilla pyramidalis), Gramineae (such as cerea temperature-dependent and proportional to the side-chain unsatu-
grains), Araceae (such as Philodendron scandens), and certain ration, and inversely proportional to the chain length (Kozubek
bacterial and algae sources (Madrigal et a 1977, Tyman 1979, 1984, 1987). Naturally occurring AR were found to mediate DNA
Reffstrup et al 1982, Reffstrup and Boll 1985, Bandyopadhyay et strand scission (Scannel et al 1988).
al 1985, Hengtrakul et a 1990). AR content in cereals and cereal products is reduced during ex-

Wheat, rye, and triticale grains contain 5-n-alkyresorcinols with trusion (Al-Rugaie and Lorenz 1992) and baking processes
odd-number side chains of C15-C25 (Wenkert et al 1964, Wier- (Verdeal and Lorenz 1977, Weipert and El Baya 1977). The pur-
inga 1967, Verdeal and Lorenz 1977, Gohil et al 1988, Lorenz angbse of this study was to determine the effect of fermentation on
Hengtrakul 1990). A minor group of AR has also been reportedR content in multiple-stage sours, doughs, and breads.

(Wieringa 1967) with apparent side-chain lengths of C17-C25

(Gonhil et al 1988). Kozubek (1984) reported separations mef 5- MATERIALSAND METHODS

alk(en)ylresorcinol homologs from rye and wheat grains by using

silica gel thin-layer chromatography (TLC). Kozubek (1985)Whole Grain Ryeand Wheat Samples

described a preparative-scale isolation af-dkyl-, 5-n-alkenyl, Whole grain flour of rye and wheat were prepared by grinding

and 5n-alkadienyl-resorcinol homologs from rye grain. Severalryeé and wheat grain samples in a laboratory mill (model 4, Tho-

homologs of 5-(2-oxoalkyl)-, and 5-(2-oxoalkenyl) resorcinolsmas-Wiley, Philadelphia) with a mesh size of 0.5 mm. The hard

were identified in extracts of wheat and rye grains by Seitfed winter wheat was a 1994 Colorado composite from Fort Col-
(1992). Homologs of the 5-(2-oxoalkenyl) resorcinols included 5lins, and the rye sample was grown in Wray, CO, during the 1994
(2-oxononadecyl)-, 5-(2-oxoheneicosanyl)-, 5-(2-oxotricosanyl)-Crop year.

and 5-(2-oxopentacosanyl)-, resorcinol, with the heneicosanyl and

tricosanyl homologs being predominant. The homologs of 5-(2Multiple-Stage Rye and Wheat Sours _

oxoalkenyl) resorcinols consisted of 5-(2-oxoheneicosanyl)- ang A Sourdough starter was prepared as described by Sultan
5-(2-oxotricosanyl)- resorcinol. The major alkyl and alkenyl(1965). A multiple-stage sour was then prepared using the over-
homologs were isolated by TLC and high-performance liquidiight procedure as outlined by Lorenz (1983). Samples (2 g) were
chromatography (HPLC), and then identified by TLC, HPLC, andaken from the starter, to which 6 g of whole grain flour (wheat or

gas chromatography coupled with infrared and mass spectroscopye) and 8 mL of water (Anfrischsour stage) were added. This was
and proton magnetic resonance spectroscopy. allowed to ripen for 6 hr at 26°C and 92% rh. At the end of the

The amount of AR in cereals is highest in rye, lower in wheafiP€ning time, the Anfrlsc_hsour was increased to a basic sour by
and triticale, and very low in other cereals such as oats, barle§dding 12 g of whole grain rye or wheat flour and 8 mL of water.
and corn (Verdeal and Lorenz 1977; Hengtrakul et al 1990, 1991%'9(9“'”9 time was again 6 hr at 26°C and 92% rh. The full sour
However, some varieties of wheat have an AR content similar t¥2S prepared by the addition of 162 g of whole grain rye or wheat
that of rye. Analysis subsequent to milling of wheat, rye, and tritiflour and 128 mL of water with a third ripening time of 6 hr at
cale into bran, shorts, and flour fractions by Verdeal and Loreng6°C and 92% rh. At the final step, 220 g of whole grain wheat or

(1977) and Salek (1978) showed that the bran contained the high® flour and 156 mL of water were added. At each stage, the ini-
est levels of AR. tial and final pH were measured, and 16-g samples of sour were

There is no established human toxicity level for these comt@ken at the end of each sour stage. The sour dough samples were

pounds. AR were shown to induce potassium release from erythr§9zeén and then placed into a freeze dryer (Labconco, Kansas
City, MO). Dried samples were used for AR determination.

1Department of Food Science and Human Nutrition, Colorado State University, Whole Rye and Whole Wheat Flour Doughs and Breads

Fort Collins, CO 80523-1571. Doughs were mixed without and with added synthetic AR.
“Corresponding author. Fax: 970/491-7252. Synthetic AR (5a-pentadecylresorcinol) was incorporated into
Publication no. C-1997-0407-04R. vegetable oil at concentrations of 0.05, 0.075, and 0.1% by weight
© 1997 by the American Association of Cereal Chemists, Inc. of the flour and added to the doughs (rye and wheat). The formu-
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TABLE |
AverageAlkylresorcinol (AR) Concentration and pH in Sours and Doughab

Whole Wheat Flour Whole Rye Flour

Stages of Sour Development AR Concentration pH AR Concentration pH

Whole wheat meal 250.0 £ 2.8a 6.01 + 0.01aA 550.0 £ 2.8a 6.23 + 0.03aA
Starter sour 200.0+5.7b 4.91 + 0.01bB 310.0+5.7b 4.77 + 0.05bB
Anfrischsour 210.0+5.7b 5.38 £ 0.07bC 324.0+2.8b 5.46 + 0.04bC
Basic sour 2240+ 2.8b 5.27 + 0.13bD 310.0+2.8b 5.35 + 0.05bD
Full sour 230.0+5.7b 4.89 + 0.01bE 300.0 + 2.8b 4.86 + 0.02bE
Dough 2280+ 2.8b 4.52 + 0.03bF 2740+ 5.7b 4.21 + 0.07bF

aValues (ug/g, dry basis) + standard deviation.

b Means with common letters represent no statistical differéheeQ(05). Lower case letters are used for statistical comparison between the control and each
sour stage for AR concentration and pH using least significant difference. Upper case letters are used for statistioah detvpeeis pH values and each
sour stage. All measurements were made at the end of each stage.

TABLE I
Alkylresorcinol (AR) Concentration of Whole Wheat Flour Dough During Fermentation and in Bread After Baking?P

Fermentation Treatment of Dough

Treatment Initial 1hr 2hr 3hr 4 hr Bread
Control 211 28t 4aA 30+ 0aA 25+ 1aA 14+ ObA 0+ OcA
AR (%)
0.050 710 72 0aB 60+ 3bB 60+ 3bB 38+ 1cB 3+ 0dA
0.075 960 11 6aC 70+ 0bC 64+ 5bB 40+ 2cB 4+ 0dA
0.100 1,210 14& 14aD 90+ ObD 88+ 6bC 44+ 6¢B 5+ 1dA

aValues {1g/g, dry basis) + standard deviation. Initial concentration of the whole wheat flour and dough were calculated as 250 pgh Zd6;Dasis),
respectively.

b Means with common letters represent no statistical differerRes @.05). Lowercase letters are used for statistical comparison between each hour of
fermentation and bread within each treatment using least significant difference (LSD). Uppercase letters are used dbrcstafiatison of different
treatments within each fermentation hour and bread.

TABLE Il
pH + Standard Deviation at Each Stage of Fer mentation of Whole Wheat Flour Doughs?

Fermentation Treatment of Dough

Treatment Initial 1lhr 2hr 3hr 4 hr
Control 5.96+ 0.02aA 5.76t 0.01bA 5.62+ 0.03cA 5.63t 0.02cA 5.51+ 0.07dA
AR (%)
0.050 5.76t 0.04aB 5.6 0.03bB 5.56+ 0.02bA 5.57+ 0.02bA 5.38t 0.12cB
0.075 5.73t 0.02aB 5.58 0.01bB 5.46 0.09cB 5.46+ 0.08cB 5.46 0.02cC
0.100 5.74+ 0.02aB 5.45 0.06bC 5.4% 0.02bB 5.45 0.02bB 5.3# 0.06¢cB

aMeans with common letters represent no statistical differerfees @.05). Lowercase letters are used for statistical comparison between each hour of
fermentation within each treatment using least significant difference (LSD). Uppercase letters are used for statisticzircomgiffierent treatments within
each fermentation hour.

b Alkylresorcinol concentration.

lation for whole wheat doughs was. flour (100%), yeast (3%), (1:5, sample to acetone, by weight) and filtered after 24 hr. This
yeast food (0.5%), salt (2.25%), sugar (6%), shortening (3%), filtrate was added to the previous extracts. The volume of col-
nonfat dry milk (4%), and water. The formulation for whole rye lected extracts was made up to 25 mL with acetone. Two aliquots
doughs was: flour (100%), yeast (2.5%), yeast food (0.25%), salt of 2.0 mL each were transferred to Teflon-lined Pyrex screw-cap
(2.5%), shortening (2%), and water. Doughs were mixed (N-50  tubes, and acetone was evaporated by heating in an 85°C water-
mixer, Hobart, Troy, OH), then fermented at 26°C and 92% rh fobath. The residue was cooled to room temperature and dissolved
1, 2, 3, or 4 hr. Each hour, the pH of doughs was measured, andih60.4 mL of chloroform. Following this, 0.1 mL of 75% ethanol
g of dough was taken and immediately frozen. Breads were baketid 0.1 mL of 75% KOH were added; the tube was then tightly
at 218°C for 18 min after 4 hr of fermentation. The samplesapped, placed in a shaker bath at 45°C, and agitated every 2-3
(doughs and breads) were frozen prior to freeze drying. Freezmin. After 20 min, 1.0 mL of distilled water and 8.4 mL of 95%
dried samples were ground using a micro mill (Lab Apparatussthanol were added to each tube. The total volume of 10 mL was
Cleveland, OH) to a particle size of 500—60®. The samples shaken and allowed to stand for 30 min. The tubes were shaken
were stored in tightly closed container for AR determinations.  again before measuring the fluorescence on a spectrofluorometer
(Hitachi Perkin-Elmer MPF-2A, Perkin-Elmer, Norwalk, CT).
Fluorometric Determination of AR The excitation and emission wavelengths were 420 and 520 nm,
The method used was a modification of that described by Verespectively. A standard curve was prepared fromp®ntadecyl-
deal and Lorenz (1977) and Al Rugaie and Lorenz (1992). Samesorcinol (Aldrich Chemical, Milwaukee, WI) with each set of
ples (2.5 g) of the whole grain flours as well as freeze-dried soursamples. This method has an excellent (96%) AR recovery (Al-
doughs, and breads were combined at room temperature with Baqaie 1991, Al-Rugaie and Lorenz 1992).
equal weight of acetone in a Pyrex screw-cap tube. After 24 hr,
the extract was filtered through No. 4 Whatman paper and savestatistical Design and Analysis
The sample was again immersed in the same amount of aceton€ompletely randomized designs were used to determine the ef-
and filtered after another 24 hr. Filtrates were combined with preects of fermentation (stage of sour development or dough proc-
vious extracts. Samples were dried and soaked again with acetoegsing) and baking on the AR content of whole rye or whole
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TABLE IV
Alkylresorcinol Concentration (AR) + Standard Deviation of Whole Rye Flour Dough During Fer mentation and After Bakinga?

Fermentation Treatment of Dough

Treatment Initial 1lhr 2hr 3hr 4hr Bread
Control 513 150 + 4aA 120 + ObA 80 + 3cA 40 + 6dA 29 + 2eA
AR (%)
0.050 1,013 182 + 3aB 170 + 10bB 160 + 3bB 76 + 3cB 40 + 1dB
0.075 1,263 230 + 6aC 176 + 1bB 162 + 6¢B 80 + 9dB 50 + 3eB
0.100 1,513 264 + 3aD 200 + 14bC 185+ 2cC 140 + 17dC 53+ 0eB

aValues (Mg/g, dry basis) + standard deviation. Initial concentration of the whole rye flour and dough were calculated as 550 quudg5(Ry8basis),

respectively.

b Means with common letters represent no statistical differerizes @.05). Lowercase letters are used for statistical comparison between each hour of
fermentation and bread within each treatment using least significant difference (LSD). Uppercase letters are used dbrcetafistison of different

treatments within each fermentation hour and bread.

TABLEV
pH + Standard Deviation at Each Stage of Fermentation of Whole Rye Flour Doughs?

Fermentation Treatment of Dough

Treatment Initial 1lhr 2hr 3hr 4 hr
Control 573+0.04aA 565+ 0.02bA 554+ 0.08cA 566+ 0.05dA 553+0.03eA
AR (%)°
0.050 5,53+0.02aB 546 +0.02aB 536 £0.06 bB 536+0.05bB 534+0.04bB
0.075 5,55+ 0.02aB 546+0.01bB 5.37+0.06cB 5.33+0.03¢cB 5.28+0.03¢cB
0.100 561+0.05aB 538+0.07bC 5.39+0.08bB 536+0.07bB 534+0.01bB

aMeans with common letters represent no statistical differences (P < 0.05). Lowercase letters are used for statistical comparison between each hour of
fermentation within each treatment using least significant difference (LSD). Uppercase | etters are used for statistical comparison of different treatments within

each fermentation hour.
b Alkylresorcinol concentration.

wheat flours and doughs. All results are the average values of two
replicates (duplicate extractions with duplicate aiguots). Tests of
significance among treatment means were performed by least sig-
nificant difference (LSD). All of the data were analyzed by using
the SAS system (SAS 1987).

RESULTSAND DISCUSSION

Effect of Sourdough Fermentation on AR Content

Table | shows the effects of fermentation of multiple-stage
whole wheat flour sour and whole rye flour sour on AR content.
AR concentrations were 250 pg/g in whole wheat flour and 550
pg/g in whole rye flour, which are slightly lower than the range of
values reported in the literature (Evans et al 1973; Verdeal and
Lorenz 1977; Gohil et a 1988; Hengtrakul et a 1990, 1991). Dif-
ferences in AR content are due to grain variety, maturity, climatic
and soil conditions (Wieringa 1967, Hengtrakul et al 1990).

AR content and pH decrease during preparation of the starter.
They increase at the Anfrischsour stage due to flour addition, but
do not reach the levels determined in the flour. In whole whesat
flour doughs, AR content also increased dlightly again at the basic
and full sour stages due to the rather large amounts of flour added.

Basic and full sour stages of whole rye flour sours show a pro-
gressive decrease in AR content and pH, even though substantial
amounts of flour with an AR content of 550 pg/g are added at the
beginning of these sour stages. The reduction in AR content due
to fermentation was statistically significant (P < 0.05) comparing
AR content in the flour with the AR content of sours at each mul-
tiple sour stage.

AR Concentration of Dough During Fermentation and After
Baking

Tables Il and Il show AR concentration and pH vaues of
whole wheat flour dough during fermentation and after baking.
AR concentration was reduced during 1 hr of fermentation, as was
the pH. The initia concentration of AR in the dough was 210.5
Hg/g. Other baking ingredients did not contain AR. In the control,
AR content was reduced by =86% during 2 hr of fermentation.
There was a further reduction as the fermentation progressed. AR
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content was reduced by 88-93% during 3—4 hr of fermentation.
After the bread was baked, no AR was detected in the control
bread. Similar reductions in AR were observed when additional
synthetic AR was added to the doughs.

Verdeal and Lorenz (1977) reported a 23.5% reduction of AR in
baking of a whole wheat bread, but they suspected the reduction
was mainly due to fermentation rather than just baking. Resorci-
nol compounds sublime at temperatures of 196-250°C (CRC
1993); baking temperature was 218°C. Our results show that fer-
mentation indeed reduces AR concentration.

Tables IV and V show the AR concentration and pH values
during fermentation and after baking of the whole rye flour
doughs. For the control, AR content was reduced significaRtly (
< 0.05) after 1 hr of fermentation. The whole rye dough contained
512.8ug/g of AR. AR concentration was zero in all other baking
ingredients. In the control, AR concentration was reduced by 71,
77, 85, and 92% during the first, second, third and fourth hour of
fermentation, respectively. After baking, the AR concentration
was reduced by 94%. Weipert and El Baya (1977) reported reduc-
tion in AR content of 86% during fermentation and baking of rye
bread produced by a sourdough process. The results were similar
for doughs with added AR with reduction of AR during fermenta-
tion and after baking being statistically significat< 0.05).

CONCLUSIONS

Both fermentation and the baking process cause a reduction of
the AR content of whole wheat and whole rye doughs and bread.
AR content was reduced at the end of the sourdough starter fer-
mentation of whole wheat and whole rye flour sours by 20 and
46%, respectively. AR content was 51¢/g in whole rye and 210
pa/g in whole wheat flour doughs; AR content was 30 apd/@,
respectively, after baking.
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