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Abstract

The effects of water, rye flour and vital gluten on the sensory properties of bread were studied by response
surface methodology and sensory evaluations.

A response surface model was used to evaluate the effects observed and to determine the optimum variations
for rye bread. The study included 12 combinations of the following independent variables : Water(57, 62, 67%),
Rye flour(0, 10, 30, 50%), and Vital gluten(0, 1, 3, 5%). Bread quality attributes determined were specific volume,
color, texture, appearance, taste, chewiness, moisture, overall. Rye bread specific volume, sensory evaluation
values and Instrumental testing results were significantly affected by variety (water, rye flour and vital gluten).

Rye bread with a high specific volume was produced using water 67%, rye flour 10% and vital gluten 3%.
Whereas, rye breads with a high overall sensory evaluation were water 62 %, rye flour 10 % and vital gluten
5%. And Specific volume predicted and overall preference also was shown high.

It was shown that the experimental design used provided information about the rye bread of variation of water,
rye flour and vital gluten and can be a useful supplement to standardized and optimized formulas in rye bread
making.

The results suggest that water, rye flour, vital gluten can be combined in rye bread making at various levels,
contributing to optimize the functional properties of rye bread. These result represents that breads loaf volume
related to directly consumer preference.
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INTRODUCTION

Rye is used in bread making for sourdough bread,
crisp bread, and mixed with wheat in the northern part
of Europel’z). In north American, rye bread is produced
in many different forms to meet the demands of

consumers”. There are both round and elongated loaves,
baked with or without pans. North America rye bread
recipes use a variety of minor ingredients in addition to
the basic components of flour, yeast, salt, and water.
There are four basic types of rye bread (for example :
America rye bread, Sour rye bread, Pumper-nickel, and
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Sweet or pan rye) are produced in the united states”.
Among these rye breads, American rye bread is a light
rye bread with good grain and soft texture. It is usually
made from a blend of 60~85% first or second clear
wheat flour and 15~40% rye flour.

Especially in overall nutritional value, rye bread has
some advantages over wheat bread”. Rye bread is higher
in mineral and fiber content. A the protein is somewhat
better in nutritional quality because of its higher lysine
content. Rye is known as the cereal richest in pentosan
content. Furthermore, rye has an advantage over wheat
because of its higher content of dietary fiber, G -glucan,
lignin, vitamines and minerals which are mixed into the
dark flour and enrich the bread. Therefore, baking
products made from the whole kernel contribute to the
health of the consumers. Recently, awareness of the
healthiness of rye bakery products has been increased by
taking into account the presence of lignans and phy-
toestrogens defined as matairesinol secoisolariciresinol.
Thus, it can be expected that rye bread will become more
accepted as a healthy part of a daily diet. In general,
baking tests can be classified as standard baking tests® or
optimized baking tests”. The test baking procedure can
also be designed to be optimized by response surface
methodology and sensory evaluation. This technique has
been applied to baking experiments to study the effects
of varieties®. The present study was designed to examine
the effects of varying of absorption, rye flour, and vital
gluten on the sensory properties and specific volume and
to determine the optimum variety for rye bread.

Response surface methodology and sensory evaluations
were used to study the relationships between processing
varieties, bread specific volume, and loaf characteristics.

MATERIALS AND METHODS

1. Materials

A commercial brand of light rye flour containing 8.8%
moisture (Mennel Milling Co., Fostoria, OH), wheat flour
11% moisture and vital gluten(American Ingredients Co.,
Kansas City, Mo) were used for all samples.

2. Experimental Design”
The Sample experimental design shown in Fig. 1
shows how 11 experimental run(R) can cover the 48
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Fig. 1. Sample experimental design, showing
how 11 experimental run(R) can cover the 27
possible combinations represented by three levels
(1, 2, 3) of three different independent variables
(X, Y, Z). The actual order of performing the 11
experimental run(R1~-11) should be randomized.

Table 1. Experimental plots and compositions of

materials for rye bread

Sample
% rye flour % gluten % water

number
1 10 1 57
2 30 1 67
3 50 1 62
4 10 3 67
5 30 3 57
6 30 3 62
7 30 3 67
8 50 3 57
9 10 5 62
10 30 5 57
1 50 5 67
12 0 0 57

possible combinations represented by three levels (rye
flour % : 0, 10, 30, 50 / vital gluten % : 0, 1, 3, 5/
water % : 57, 62, 67) of three different independent
variables (rye flour, vital gluten, and water) is shown in
Table 1. The actual order of performing the 11
experimental run (R1~11) should be randomized.

3. Experimental Methods

All breads were prepared by the optimized straight-
dough bread- making method (AACC Method 10-10B)'”
as a Fig. 2.

Ingredients were mixed in a Hobart model A-200
mixer (Hobart Manufacturing Co., Troy, OH) to develop
the dough(dough temperature, 27°C[80-L1°F]).
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Ingredients
Dough%ﬂil ©)
First fermentation (30T, 85% RH, 90 min.)
Dividing of dough
Rounding
Bench time (room temperature, 10 min.)
Molding

Second fermentation (40.6°C, 92% RH, 60m)

/

Baking (2157C, 24min.)

Cooling at room temperature

Fig. 2. Bread making processes by the opti-
mized straight-dough.

The dough was fermented for lhr 30min(30°C: 86°F,
85% RH), divided into two pieces, Sheet for punching
and sheeting before molding(National Manufacturing Co),
molded into loaves through a Pillsbury Moline bread
molder (Pillsbury Co., Duluth, MN), proofed for lhr
(40.6C : 105°F, 92% RH), and baked for 24min at 215
C(419°F) in a reel oven (Reed Oven Co., Kansas City,
MO).

Breads were removed from the pan, and cooled on a
rack for at least lhr at room temperature. Loaf volume
was measured by the rape seed displacement method, and
the specific volume was calculated as loaf volume / baked

weight.

4. Analysis of the Physics and Chemistry

The experimental results analysed through RSM analy-
sis, crumb firmness, crumb and crust color and pH of the
rye bread.

1) RSM Analysis
A simple response surface methodology(RSM-plus)
program was used to analyze all data. A pc compatible

computer was used, and three independent variables could "

be analyzed, depending upon the data. Predicted res-
ponses and contour maps were obtained for all data sets”.
Loaf volume was measured by the rape seed displace-

Table 2. Effect of rye flour, gluten & water
concentration on rye bread volume

Actual data Predicted data
% rye % %
volume by volume by
flour gluten water
rye bread RSM program
4.0750 10 1 57 4.4357
5.3460 30 1 67 5.4581
4.1800 50 1 62 43017
6.0950 10 3 67 6.1934
3.6260 30 3 57 3.7103
4.4490 30 3 62 4.5984
4.8200 30 3 67 4.8738
3.6800 50 3 57 3.4243
5.9080 10 5 62 5.8744
4.2300 30 5 57 4.2617
3.8760 50 5 67 3.9607
5.7800 0 0 57 5.1715

ment method, and final volume was determined at this
time. Specific volume was calculated as loaf volume /
baked weight. Using RSM, predicted results are shown in
Table 2.

2) Crumb Firmness of the Rye Bread

Crumb character was determined according to Ame-
rican Institute of Baking Devore Systems, Inc., using
Crumb Scan Software. Crumb firmness was measured
with a consistometer (LFRA Texture Analyser, Stevens &
Son Ltd, St. Albans, England). The small bread loaf size
necessitated modifications in the sampling procedure for
texture analysis. The top of the bread loaves was sliced
off 2.5cm from the bottom and resistance to compression
was measured on the bottom part of the loaves.

3) Crumb and Crust Color of the Rye Bread

Crumb and Crust color were determined by a Chroma
Meter CR-200 (Minolta, Osaka,Japan) and L = lightness,
a = redness, and b = yellowness were recorded.

4) pH of the Rye Bread
The pH was determined by AACC Method 02-52(
Electrometric Method).

5. Sensory Evaluation of the Rye Bread
Breads for the sensory and instrument evaluation were
wrapped in plastic bags and stored overnight at room
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temperature. Sensory evaluation of the bread was perfor-
med by 12 trained panelists(Kansas State University :
Dept. of Grain Science, Graduate students) The samples
(triplicates) were labeled with 3-digit random numbers.
Quality of the bread was predicted by specific volume
and by subjective appraisal of its grain, texture, taste and
overall appearance. These numbers were used for
statistical evaluation. For sensory evaluation, before ser-
ving, cuts were removed and each loaf was sliced into
samples. To prevent drying, the samples were covered
with plastic material until served. They were rated on a
hedonic Scale ranging from 7(like extremely) to 1(dislike
extremely).

6. Analysis of the Statistics

The results of experiment analysed using SAS Program
and the Duncan's multiple range test. Crumb firmness,
Sensory evaluation, crumb & crust color, and pH value
are shown Table 3, 4, 5 and 6 respectively.

RESULTS AND DISCUSSION

A response surface model was used to evaluate the
effects observed and to determine the optimum variations
for rye bread. The relationships between the independent
variables (water, rye flour, vital gluten) and response in
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Fig. 3. Three-way RSM analysis. Contour Print-
out, showing the percentage of water, rye flour
and vital gluten on the rye bread response in

volume(%water:57).
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volume of rye bread were described adequately with

Instruments testing and sensory evaluations.

1. Analysis of Water, Rye Flour and Vital Gluten
for Rye bread
The optimum variations for rye bread was obtained by

RSM program are shown in Table 2 and Fig. 3~5.
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Fig. 4. Three-way RSM analysis. Contour Print-
out, showing the percentage of water, rye flour
and vital gluten on the rye bread response in

volume(%water:62).
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Fig. 5. Three-way RSM analysis. Contour Print-
out, showing the percentage of water, rye flour
and vital gluten on the rye bread response in

volume(%water:67).
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In general, response in volume(4.435) of rye bread It appears that a rye bread with a good loaf volume

represented highly in rye flour 10%, vital gluten 1% at can be produced by a little rye flour(10%) with higher
constant water 57%(Fig. 3). At the 62% water, rye flour water(62~67%) and vital gluten(3 ~5%).

10% and vital gluten 5% shows highly in volume 5.874 Especially, the highest volumes for loaves from these
(Fig. 4). Volume predicted (6.193) highly in Fig. 5 shows varieties were obtained when water 67%, rye flour 10%,
rye flour 10%, and vital gluten 3% at constant 67% and vital gluten 3% were used.
water. '
These results also indicates that volume predicted in 2. Correlation between Mechanical and Sensory
variations (water, rye flour and vital gluten) of rye bread Measurements
affected loaf volume, each other. Mechanical crumb firmness values results are shown in
According to the Contour maps, reducing rye flour Table 3. Generally, The bread of same percentage rye
level increased the loaf volume. Furthermore, increasing flour with high percentage gluten represented more
the vital gluten and water levels increased the loaf firmmer, because water absorption affected by vital
volume(Fig. 3~5). gluten®. The rye bread with rye flour(10%), vital

Table 3. Crumb firmness values of the independent variables (rye flour, vital gluten & water) for rye

breads
Sample 1 2 3 4 5 6
pH 167.33+20.65™  151.33+17.50°  219.67446.05°  118.33+22.85°  349.00+27.00°  199.33+10.26%
Sample 7 8 9 10 11 12
pH 142.00412.17  415.00+34.39°  136.33+27.797  209.33+833%  198.67+15.01  178.339.61°°

" Determined in triplicate (mean+SD).

> Mean followed by different letters within columns are significantly different at p=0.05 by Duncan’s multiple test.

Table 4. Sensory evaluations score of the independent variables(rye flour, vital gluten & water) for rye

breads
Cell Manual
Sample  Appearance Color . . Flavor L Chewiness Moistness Overall
uniformity springiness
1 467 54° 54° 53° 5.8° 57 54 56°
2 4.4° 5.0° 48 48 4.9 4.9% 51 4.9°
3 34° 43° 3.9° 4.1° 398 4.0° 43° 3.88
4 31t 4.1 3.18 43 4.6 4.8 4T 4.5
5 1.8 34" 3.18 3.4 28" 3.1° 2.7 28"
6 47 5.1 45° 4.4° 5.0° 48° 4.8 4.6
7 2.88 5.0° 3.9° 4.1° 4.4 4.1° 4.4% 42
8 2.0' 3.4° 3.8 3.2 24 2.9 2.8 2.7
9 54° 52° 5.2° 4.8 54° 5.0° 54 5.3°
10 57 5.0° 54 4.1° 5.0° 49% 47 5.0%
11 24 3.8¢ 3.6 47T 48° 5.0° 45° 43
12 57 5.6° 48 5.0° 53° 5.0° 52° 5.1°

" Rating scale : 1(bad) to 7(excellent).
*J Means followed by different letters within columns are significantly different at p=0.05 by Duncan’s multiple test.
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Table 5. Crumb and crust Color values

for Rye breads
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of the independent variables (rye flour, vital gluten & water)

Hunter's Crumb Crust

value a b L a b L2
1 75.80+1.45" - 0.02:0.32° 17.2540.97° 49.30+5.81° 13.58+1.81™ 25.18+3.20°
2 71.07+0.88° 1.13£0.56° 17.32+0.22% 45,78+3.03° 13.68+0.16™ 24.51+1.56°
3 66.10+0.12° 1.96+0.24* 18.39+0.39® 47.88+5.95° 12.36:£1.74% 23.95+2.89"
4 76.11+1.38° -0.03+0.31° 17.69+0.91%* 45.88+4.39" 14.31+0.28% 25.5242.29°
5 70.51+0.54° 13740.13° 18.33+0.31% 50.554.15° 11.61+2.08% 26.44+0.68°
6 71.07+0.66° 1.19+0.16° 18.0340.53** 47314239 14.25+0.70° 26.34+0.91°
7 71.71£1.30° 1.07+0.29° 18.060.71" 45.23:6.01° 13.07+1.67 24.10+2.73°
8 66.49+0.52° 2.23:0.21° 18.42+0.22° 52.79+4.21° 11.23£2.03° 27.16+2.82°
9 76.90+1.15° 0.08+0.13° 17.75+0.16* 45.9246.14° 14.76+0.45° 26.13+4.44°

10 71.89+1.10° 1.2240.29° 18.19+0.68™ 46.54+5.60° 13.64+1.42°% 26.15+2.86°

11 66.87+1.39° 2.01+035° 18.44+0.47° 49.06+7.59° 12.91+1.66™ 25.87+3.22°

12 79.38+0.61° -0.82+0.15° 17.46+0.26™ 45.16+2.29° 13.93+1.07 25.39+2.30°

" Determined in triplicate (mean+SD).

a~¢

2 L~lightness, a=redness, and b=yellowness.

Mean followed by different letters within columns are significantly different at p=0.05 by Duncan’s multiple test.

Table 6. pH values of the independent variables (rye flour, vital gluten & water) for rye breads

Sample 1 2 3 4 5 6

pH 7.3740.39" 7.160.07 7.21+£0.08 7.2840.15 7.22+0.14 7.24+0.13
Sample 7 8 9 10 11 12

pH 7.20+0.13 7.20+0.14 7.29+£0.17 7.26+0.14 7.1620.09 7.2520.14

" Determined in triplicate (mean+SD).

gluten(3%) and water(67%) were the lest firm. And the
rye bread with rye flour(50%), gluten(3%) and water
(57%) were the most firm. But, there is a little difference
depending on the vital gluten, water. For example, crumb
firmness values of rye flour, gluten and water (10% : 1%
1 57% / 10% : 5% : 62% / 10%: 3% : 67%) were 167.3,
136.3 and 118.3 respectively.

Similar phenomena were observed in the analyses of
manual springiness, chewiness, cell uniformity and
moistness etc. in Table 4. Breads with high firmness were
less springy, chewiness, cell uniformity, and moistness.
Breads with 50% rye flour had a tight, small cell
structure, resulting in a dense and firm texture, whereas
breads with 10% rye flour had an open, bigger cell

structure, resulting in a spongy, soft, and springy texture.

The values of the sensory evaluation is in Table 4. The
sensory evaluation value of the water 62%, rye flour 10%
and vital gluten 5% is the approximate 5, and that of the
water 57%, rye flour 50% and vital gluten 3% is the
approximate 3. I consider that this results depend on the
quantity(%) of the rye flour. The water 62%, rye flour
10% and vital gluten 5% evaluated the best variation of
rye bread and I supposed that the rye bread made by
water 62%, rye flour 10% and vital gluten 5% is
reasonable in sensory evaluation. The correlation of the
evaluations between mechanical analysis and sensory
evaluation was significant.

The crumb and crust color of the rye bread measured
by a Chroma Meter showed highly significant correlation
with consumer color sensory evaluation. In this study,
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regardless the water, breads with 10 % rye flour had a
higher crumb color a than the other rye flour(30%, 50%),
whereas breads with 50% rye flour had the most crumb
color b. And then, crust color b had a high in 30 % rye
flour(Table 5).

This indicates that rye breads color measurement with
colorimeter is an efficient method, it that can be used to
predict consumer acceptance of rye bread color, but no
significant relationship was found between pH and
favor(Table 6). And Specific volume predicted and
overall preference also was shown high. These result
represents that breads loaf volume related to directly
consumer preference.

2 9o

E =52 rye bread A Zo gle]A], water, rye flour
18] 3 vital gluteno] rye bread 2] T EA H]Aj &
%3 gkol] th3}d response surface methodology, 57 At
2 AR BAE B3l AT

Response surface model- rye bread®] 2 2] variation
< AR5t AEHAR ARE Hrislr] Hste] A
L5)9lom, B A8 water 57, 62, 67%, rye flour 0,
10, 30, 50% —18] 3L vital gluten 0, 1, 3, 5%2} 127}A]
23S sl Ak AE ZH water 67%, rye
flour 10% —22]31 vital gluten 3%% ==& specific
volume®] rye bread’} AYALE| 0™, water 62%, rye
flour 10% 223 vital gluten 5% = HA A B%
27} T2 rye bread7} YA T} & specific volu-
me¥}t AAAQ VZEE B2 Ao g Elyton, o]
218+ A7} bread loaf volume?} AH]zte] 7] 357}
AHAQA FAZE Y5 HoErh

E =52 rye breadd] A4tolA] thekst water, rye
flour 2.8} 10 vital gluten®] vj§ol] 3 A B E A A8t

on, 73} HAs W g 7|2 FEE AT
stedl 2 9oE FUTh

3 o] A= water, rye flour 18] 11 vital gluteno]
rye bread®] AJ4tel| A chFg WP 0 2 wj3E ¢ o
o, A 7154 5L A3 ket 7|9E AL
2 7€
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