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Abstract

A linear correlation was found by stepwise multiple regression analysis between the sensory score of barley bran

sauce aroma and the absolute gas chromatogram (GC) data transformed with square root. In spite ofhighly significant
relationship between the quantity of the peak and the sensory s¢ore, it is difficult to estimate the aroma quality of barley bran
sauce samples on the basis of only one peak. Peak 29 (methyl 9,12,15-octadecatrienoate) contributed most to the aroma of
barley bran sauce. This was followed by 27 (methyl 9,12-octadecadienoate), 28 (ethyl 9,12-octadecadienoate), 12 (phenyl
acetaldehyde), and 9 (methy! furfural) in terms of absolute valug. When it was calculated using absolute value transformed by
square root, peak 28 (ethyl 9,12-octadecadienoate) made the hi
the peaks. It was followed by 31 (9,12-octadecadienoic acid), 27 (methyl 9,12-octadecadienoate), 12 (phenyl acetaldehyde),

and 29 (methyl 9,12,15-octadecatrienoate).

est contribution to the aroma of barley bran sauce of among
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Introduction

Many kinds of conventional and non-conventional sources
of fiber are available as commercial food additives. The
cereal grains most commonly used as fiber sources are
wheat, corn, and oats. Until now, barley bran has not been
used extensively because relatively small quantities of
barley are milled and peeled to provide bran as a by-
product. Recently, the nutritional benefits of barley bran as
a useful source of dietary fiber have been investigated.
Lupton and Robinson (1) investigated the effect of barley
bran on the acceleration of gastrointestinal transit time.
Lupton et al. (2) and Newman ef al. (3) showed that barley
bran had cholesterol-lowering properties.

Kwon ef al. (4) reported on the optimum conditions for
the taste of barley bran sauce and Lee et al. (5) described
the characteristics of barley bran sauce. Choi and Park (6)
explained that barley bran sauce taste quality could be
predicted to 93% accuracy using multiple regression
analysis with taste compounds and sensory evaluation
scores. However, the effective components responsible for
the aroma of barley bran sauce have not yet been
investigated.

Fermented food is made through a long and compticated
process under the influence of many kinds of micro-
organisms (7, 8). In experiments on fermented food, the
characteristic aroma was dispersed during the fractionation
of aroma concentrate. Therefore, the aroma of fermented
food should be also considered as the combined effect of
many different aroma compounds (9-12).

In this paper, we applied stepwise multiple regression
analysis and contributing proportion analysis to gas
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chromatographic data on barley bran sauce aroma. This
was done in order to investigate the significant chemical
factors for aroma quality as measured by gas chromato-
graphic data in relation to quality differentiation by
sensory tests.

Materials and Methods

Material and sensory test Forty-two different barley
bran sauces made by the method of Choi ef al. (12) were
used. Each barley bran sauce was evaluated on a scale of 1
to 7 according to order of preference by 12 consumer
panels using sniff tests according to a completely
randomized experimental design (13, 14). The sum of
order of preference scores was used as the sensory score
for each sample in this study.

Extraction and identification of aroma compounds An
improved Nikerson and Likens' simultaneous steam
distillation and extraction apparatus was used to extract the
aroma compounds of barley bran sauce (15), using
purified diethylether as extraction solvent. The samples
and solvents were placed in their respective ports. The
solvent was circulated and the aroma compounds were
then extracted for more than 2 hr by increasing the
temperature of the sample port to boiling point. Anhydrous
sodium sulfate was added to the extracted fraction at 4°C
to dehydrate. The fraction was then concentrated to a final
100 mL using N, gas to obtain a sample for gas
chromatogram (GC) analysis. The mass spectrum of each
aroma compound was obtained by GC with a Hewlett-
Packard 5892 and GC-MS using a CENCEPT SERIES-I
(Mass-KRATOS Inc., England). Samples were injected on
a 60m x 0.33 pm x 0.2 mm HP-FFAP column at 230°C.
The detector temperature was 250°C. The temperature was



24

programmed at 45°C for the first 2 min, with increases of
15°C/min to a final temperature of 220°C. This was
maintained for 11.4 min. Helium was used to carry the
sample at a rate of 5 mL/min. The electron voltage was
1,100 eV at a split ratio of 10:1.

Stepwise regression analysis N sensory scores
corresponding to each barley bran sauce sample could be
described as Y = (y, y2...... Vieerens , Vo) (16). If the gas
chromatogram of each flavor concentrate showed m peaks,
each gas chromatogram could be described as (x;;, Xp,
...... s Xijs---...Xim), and consequently the gas chromato-
grams for whole samples could be shown as the matrix
described below,

X X e Xy X
X Xipeo Xy X

X1 Xpp e Koo X

where, n =1 to 42, m = 1 to 34 in this study.
The multiple regression model is generally shown as
foliows

Y=o X 0Xp . A opXj o o Xn F B e (1)

o, = regression coefficient
B = intercept

¢ = random error

Y = dependent variable
X; = independent variable

Variables o; and B are calculated by the linear least
squares methods, and the equation is validated in n>m.
The correlation coefficient between the real Y and
estimated Y obtained from the computed multiple
regression model is designated as multiple correlation (R).
R”, the variance ratio of Y explained by the regression
model, is called the coefficient of multiple determination.

Smaller numbers of independent variables are desirable
for easier estimation of Y when using the multiple
regression model for quality tests or controls in the
manufacturing process. Recently, many kinds of multi-
variate analysis methods have been developed for this
purpose, but stepwise regression analysis (SRA) is
considered to be the most adequate method for selecting a
subset of variables. According to Draper and Smith (17),
several different algorithms have been developed for
selecting the variables in SRA. However, the increasing
and decreasing method is regarded as having the greatest
efficiency of calculation and accuracy of analysis.
Therefore, the relationships between GC-patterns and
sensory scores were analyzed by the increasing and
decreasing SRA method. The SRA is performed by trial
and error peak selection for obtaining the most suitable
subset of the variables. This is done on the basis of the F-
values from analysis of variance on each independent
variable at each step, because the significance degree of an
entered variable is changed by entry of another variable.
Therefore, the entry of a variable that is not yet included
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Table 1. Transformation of independent variables

Relative values
X'i = Xl/ ZXjX 100
In(X'; + 1.0)

Jox;+107%

Absolute values
1 X;
In(X; + 1.0)

3 JX,+107'%)

N

on the regression, and the removal of variables that are
already included in the regression, are determined from the
preset conditions of the F-value for each variable.

The variable having the highest F-value was selected for
entry among variables not yet included in the regression. If
F-value of any variable already included in the regression
was under 0.005, the variable was removed from the
regression model. If all the variables that were not
included had F-values under 0.1, the SRA was stopped at
that step. The maximum number of steps was set at forty.
The SRA was carried out using the SPSS 7.5 program.

In this report, GC data was analyzed after transforma-
tion as shown in Table 1. The 1.0 was added to original
data at transformation with logarithm for obtaining 0 by
transformation when analyzing non-existing samples and
1x10'® was added to the original data at transformation
with square roots to avoid calculating the square root of 0.

Contributing proportion Contributing proportion (P;),
the relative importance of each component to aroma
quality, was calculated by Barylko-Pikielna and Metelski's
methods (18), shown as in Eqation (2):

oy .S
= 1Bivy S op r2 Q)
ZIBi iy S

S; represents standard deviation of each component and
and 1y, is the correlation coefficient between each variable
and sensory score. B; and R? were partial regression
coefficient and coefficient of multiple determination. This
analysis was performed by using a SPSS 7.5 program.

Results and Discussion

Sensory test and GC analysis The sensory evaluation
was made by 12 consumer panels using a sniff test. The
results showed that the sensory score of the most favored
sample was 72 and the least popular sample was rated at
29. One sample received more than 72, 6 samples scored
48-60, 22 samples were between 36 and 48, and 9 samples
were evaluated within the 24-36 range. The mean value of
these samples was 43.3 and their standard deviation was 10.5.

As shown in Table 2, most of the barley bran sauce
samples showed about 34 peaks, in which the content of
methyl 9,12-octadecanoate (18.74+23.65 area%) was highest,
followed by that of 2-furanmethanol (8.75+16.02 area%)
and 2-furancarboxaldehyde (8.67+18.62 area%). Among
the 34 aroma components, there were 11 kinds of esters, 5
kinds of phenols and esters, 4 kinds of aldehydes, 2 kinds
of alcohols and hydrocarbons, 1 furan, and 4 other minor
compounds.

Correlation between sensory scores and the content of
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Table 2. Composition of aroma compounds and sensory evalua-
tion values in barley bran sauce

No. Aroma components Mean SDV Max.? Min?
Aldehydes (4)
X; 3-Furanaldehyde 6.70 1693 6939 0
X3 2-Furancarboxaldehyde 8.67 1861 61.16 0
Xy Methyl furfural 381 489 2965 O
X2 Phenyl acetaldehyde 418 494 2011 O
Alcochols (2)
X, 2-Furanmethanol 8.75 16.02 5724 O
X14 Phenylethyl alcohol 039 038 144 O
Hydrocarbones (2)
X5 7-Cyclopropane 038 1.78 1163 0
Xs 5-Methyl-2-(1-methylethyl) 006 008 045 0
cyclhexane
Furan (1)
X; 2-Ethyl-5-methylfuran 003 009 048 O
Acids (5)
X4 4-Pentanoic acid 239 1064 5426 0
X;; Benzeneacetic acid 223 485 2296 0
X, Tetradecanoic acid 005 0.05 021 0
X454 Hexadecanoic acid 773 648 2747 O
Xa1 9,12-Octadecadienoic acid 0.15 0.18 084 0
Phenols (5)
X3 4-Methoxyphenol 0.11 009 052 0
Xis 4-Mercaptophenol 023 048 205 O
Xi6 4-Vinyl-2-methoxy-phenol 260 3.19 1857 0
X7 2-Methoxy-4-(1-propenyl)phenol 0.04 0.14 089 0
X5 2,6-Bis(1,1-dimethylethyl)-4- 080 178 752 0
methyl phenol
Esters (11)
Xoo Ethyl tetradecanoate 0.14 040 230 O
X, Methyl hexadecanoate 005 005 023 O
X,; Ethyl hexadecanoate 1.77 333 1392 0
X,s Dibutyl 1,2-benzenedicarboxylate 0.11 029 182 0
Xy¢ Ethyl 9-octadecenoate 245 430 1906 O
X537 Methyl 9,12-octadecadienoate 18.74 23.65 7523 0
X,g Ethyl 9,12-octadecadienoate 18.73 21.06 7884 0
X9 Methyl 9,12,15-octadecatrienoate  6.11 1045 3790 0
X3 9-Octadecenyl 9-octadecenoate 006 011 052 0
X33 Phenyl methyl octadecanoate 008 013 070 O
X34 Bis(2-ethylhexyl) 1,2- 025 077 456 0
benzenedicar-boxylate
Others (4)
Xi9 1-Furfuryl-2-formyl pyrrole 0.18 044 283 0
Xs Trimethylphosphine 012 011 043 O
X0 4-Acetyl heptanenitrile 045 286 1851 0O
X3, Unknown 0.07 0.14 081 0
Y S.EVH 4326 10.48 72.00 29.00

DSD: standard deviation. ?Max.: maximum value. YMin.: minimum
value. ¥S.E.V.: sensory evaluation values indicates the sum of the
score in the range from 1 (dislike intensely ) to 7 ( greatly enjoy) that
12 panels recorded. Each value is the average of 42 replications.
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aroma compounds The correlation coefficients between
each sample's sensory score and the quaritity of each peak
are shown in Table 3. A negative correlation coefficient at
each peak means that compound makes a negative
contribution to sauce quality, and a the positive correlation
coefficient represents a chemical that makes a positive
contribution. Peaks 9, 12, 21, 29, and 31 showed a
significant relationship with the sensory score. Among
them, the correlation coefficients of peak 9 (methyl
furfural) and 29 (methyl 9,12,15-octadecatrienoate) were
very significant at the 1% level at every transformation.
However, in spite of the highly significant relationship
between the quantity of the peak and the sensory score, it
is difficult to estimate the aroma quality of barley bran
sauce samples on the basis of only one peak.

Stepwise multiple regression analysis- Stepwise multiple
regression analysis was computed using independent
variables that were not expected to lower accuracy of the
estimation. Peaks that had values of practically zero
contributing proportion, and those that represented typical
peaks because of strong similarity between peaks, were
excluded from analysis. Four regression models computed
at the 6th and 15th steps from an absolute value and its
square root are shown in equation (3-6). According to
equation (3-6), the significance of the regression
coefficients was examined on the basis of the F-value.

In the case of absolute value, the regression coefficient
at step 6 was significant for 4 variables: 29 (methyl 9,12,
15-octadecatrienoate), 7 (2-ethyl-5-methylfuran), 6 (trimethyl-
phosphine), and 8 [5-methyl-2«(1-methylethyl) cyclohexane].
At step 15, it was significant for nine variables: 29 (methyl
9,12,15-octadecatrienoate), 7 (2-ethyl-5-methylfuran), 6
(trimethylphosphine), 2 (2-furanmethanol), 8 [5-methyl-2-
(1-methylethyl)-cyclohexane], 24 (hexadecanoic acid), 16
(hexadecanoic acid), 19 (1-furfuryl-2-formyl pyrrole), and
18 [2,6-bis(1,1-dimethylethyl)-4-methyl phenol]. The F-
value of these 2 multiple regression models were significant
at the 1% level. The standard error of estimation was 5.66
at step 15, smaller than the value of 6.65 seen at step 6.
The multiple regression coefficient was 0.815 at step 15,
which was smaller than the 0.656 observed at step 6. Thus,
both the standard error and the multiple regression
coefficient showed an increase in detailed estimation.

In the case of absolute values transformed with square
roots, the regression coefficient was significant for every
variable at step 6. The F-value of these two multiple
regression models was significant at the 1% level. The
data at step 6 could explain 60.5%, and step 15 could
account for 74.6%, of the aroma of barley bran sauce.

The multiple correlation (R), the coefficient of the
multiple determination (R?), and the increase in R at each
step are shown in Fig. 1. In terms of absolute value, the R-
value (0.571 with entry of peak 29 at the first step)
increased with the step number, and it exceeded 0.9 with
the entry of peak 31 (9,12-octadecadienoic acid) at step
14. The coefficient of determination was 0.815 at step 15,
indicating that 81.5% of the variance of the sensory score
could be explained by 15 components. The R-value of
0.947 at step 34 and the coefficient of determination of
0.897 indicated that over 89.7% of the variance of the
sensory score could be explained by the regression model.
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Table 3. Correlation coefficients (R) between sensory scores and contents of aroma compounds”

No. R No. R No. R No. R No. R No. R
X, -0.04 X; 0.30 X3 0.22 X9 -0.46 Xys -0.09 X1 -0.30
X, 0.12 Xs -0.05 X4 -0.21 Xa0 -0.14 X -0.19 X 0.06
X; 0.01 X 0427 Xis 0.12 Xz 0.36" Xa7 -0.27 X3 0.06
X 0.15 X0 0.01 X6 0.15 X» 0.05 Xog -0.29 Xy 0.09
Xs -0.13 Xy -0.15 Xy -0.01 X3 -0.08 Xao 0.57"

Xs 0.32" X1 0.33" X5 -0.20 Xa4 0.20 X30 -0.15

DX,, 3-furanaldehyde; X,, 2-furanmethanol; X;, 2-furancarboxaldehyde; X4, 4-pentanoic acid; Xs, 7-cyclopropane; X, trimethylphosphine; X7, 2-
ethyl-5-methylfuran; X, S-methyl-2-(1-methylethyl) cyclohexane; Xy, methyl furfural; X, 4-acetyl heptanenitrile; X,,, benzeneacetic acid, X3,
phenyl acetaldehyde; X,;, 4-methoxyphenol, X,,, phenylethyl alcohol; X,s, 4-mercaptophenol; X6, 4-vinyl-2-methoxy-phenol; X7, 2-methoxy-

4-(1-propenyl)phenol; X, 2,6-bis(1,1-dimethylethyl)-4-methyl phenol; Xy, 1-furfuryl

-2-formyl pyrrole; Xy, ethyl tetradecanoate; X5, tetrade-

canoic acid; X5, methyl hexadecanoate; X»;, ethyl hexadecanoate, X,4; hexadecanoic acid; Xys, dibutyl 1,2-benzenedicarboxylate; Xy, ethyl 9-octa-
decenoate; X»;, methyl 9,12-octadecadienoate; Xss, ethyl 9,12-octadecadienoate; X, methyl 9,12,15-octadecatrienoate; Xz, 9-octadecenyl 9-
octadecenoate; X3, 9,12-octadecadienoic acid; Xs,, unknown; Xs;, phenyl methyl octadecanoate; X4, bis(2-ethylhexyl) 1,2-benzenedicarboxylate.

%p<0.05, **p<0.01.

R, Rz. adjusted R2 and increased in R

Step number

1.

. [0+ 10102

0.5 ¢ qv

4 <

}
0 10 20 30
Step number

R, RZ, Adjusted R2 and increasedin R

Fig. 1. Multiple correlation coefficient (R), coefficient of
multiple determination (R?), adjusted R?, and increase in R of
aroma at each step computed from the absolute value (X;) and
the absolute value transformed with square root [(X;+1.0"%)2).
@ - @, multiple correlation coeficient (R); O - O, coefficient of
multiple determination (R%); ¥ -¥ , adjusted R%;, V-V, increase in R.

The results derived from absolute values transformed with
square roots showed a similar tendency.

A) Step 6 calculated with X;
Y= 32.013 +0.583Xa0 + 47.645X; + 38.301X¢ + 0.136X; -
(14.368™) (5.354™) (3.662"") (3.359™) (1.974)

33.068X;g + 0.268Xq4 3)
(-2.1117  (1.557)

YR=0.810, ?R,=0.656, F=11.08**, ¥SE=6.65
*p<0.05, **p<0.01, Numbers in parentheses show ¢-value for each
of entered variable.

B) Step 15 calculated with X
Y =29.950 + 0.340X,9+ 27.684X; + 50.558 X+ 0.181X, - 64.070X,
(9.176™) (27157 (2195 (3.809") (26997 (2.877")

+0.449X0,+ 0.011 X5+ 2.552X - 16.662X 19~ 3.552%15- 4.743X14
(-3398™) (27157 (-1653) (-1.570) (1.694) (1.449)

- 0.189X,+ 0.584X 5+ 16.143X5, - 13.373X5,

(2.860™) (0.176)  (3.628™) (-0.830) @

R=0.903, R>=0.815, F=7.62**, SE=5.66

C) Step 6 calculated with [(X;+1.07%)7?]
Y= 3950+ 3738 [X,, +@B4%4, [X, +2187 [X, 2425 [Kry +1462, X,

(109727 (3885™)  (4029™) Q430) (@614 (1879
-90%2, /X
(1837 ? )

R=0.778, R*=0.605, F=8.952**, SE=7.12

D) Step 15 calculated with [(X;+1.07%7?]

Y = 49624+1664 X5, 48448 /X, +28.196 /X 3348 Xy, 12134 /X,
(7.608"™) (1.247) (27177 (2.028) (-3211") (2.5459)

-31.957X39 - 0.993Xy; - 1.043Xa6+ 4.810X50 + 10.285X,
(-2.687")  (-1.058) (-0.696) (0.869) (1.788)
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+12.488X33 - 2.407X3 - 7.464X5+ 27.788X,; - 2.113X3
(0.986)  (-1.461) (-1.330) (0.839) (-0.641)

R=0.864, R>=0.746, F=5.086**, SE=6.63

(©)

Standard error of estimation The data on changes in
the standard error of estimates for each step are shown in
Fig. 2. Accuracy of estimation becomes higher with an
increase in the number of the variables entered into the
regression model. Consequently, it is assumed that an
increase in the number of efficient peaks in the regression
models results in a decrease in the standard error of the
estimate accompanied by great increase in R. On the
contrary, the standard error of the estimate increases
despite the increased R value when inefficient peaks enter.
Therefore, the selection of adequate peaks as independent
variables is very important for the accuracy of the
estimation. In this study, the standard error of estimation
was minimized at step 15, and then increased at absolute
value. This data shows that variables for the 15th steps
increased the accuracy of the multiple regression model.
The introduction of a variable afterward often means
lowering the measurement accuracy. Accordingly, the use
of 15 compounds was concluded to be useful.
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g 3
e gl 4 2
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E » PR AR 8 A Yo Q} ) 3
fg 1% 4 g
5 M £
° » <1 o

5 . ‘ . 2

0 10 20 30
Step number
- X+ 10197
- | Ao
b @ % o 1 .,2,
- |3 @
A

o e . _ =]
§ S[ R G °© g
[ * e
@ | . s @
v ¢ 3
.§ Tt ‘-i .i -1 g
2 ] e e $
o Hety

§+ ; ; L

0 10 jus] 0

Step number

Fig. 2. Change in standard error of estimate of aroma
computed for each step from the absolute value (Xi) and the
absolute value transformed by square root [(Xi+1.0"%)7]. @®-@,
standard error of estimate; O - O , difference of error.
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Contributing proportion The rank of each peak and its
contribution to barley bran sauce aroma is shown in Table
4 and Fig. 3. It was found that peak 29 (methyl 9,12,15-
octadecatrienoate) contributed the highest proportion to the
aroma of barley bran sauce. It was followed by 27 (methyl
9,12-octadecadienoate), 28 (ethyl 9,12-octadecadienoate),
12 (phenyl acetaldehyde), and 9 (methyl furfural) at

Table 4. Contributing proportion (P;) and the rank of each
peak to the aroma of barley bran sauce®

P (%)
No.
X In(X+1.0) JogG 107

X, 1.10(17) 1.03(24) 1.44(19)
X, 3.50(6) 0.77(25) 3.74(7)
X3 0.29Q27) 1.4121) 1.53(18)
X, 1.30(16) 2.2(15) 2.13(13)
Xs 0.43(24) 1.33(22) 1.08(21)
X 0.52(22) 6.07(2) 0.44(29)
X, 0.67(21) 4.32(6) 2.50(12)
Xe 0.86(20) 0.45(27) 0.15(31)
Xo 4.81(5) 3.83(10) 0.88(23)
X 0.09G31) 0.22(29) 0.01(34)
Xu 1.77(14) 424(7) 3.47(9)
X1 8.70(4) 0.06(34) 7.61(4)
X1 3.49(7) 0.17(32) 2.79(11)
X 0.28(28) 1.87(20) 4.55(6)
X5 0.22(29) 2.82(13) 0.60(26)
X16 2.98(9) 2.09(17) 1.67(17)
Xi;  0.01(34) 0.09(33) 0.05(33)
Xis  2.08(13) 5.193) 0.31(30)
Xis  0.88(19) 3.13(12) 0.92(22)
X  0.14(30) 0.71(26) 0.43(28)
Xy 233(11) 1.93(19) 0.5727)
X»n  0.02(33) 0.31(28) 0.14(32)
Xy 0.31(26) 441(5) 2.86(10)
Xy 2.87(10) 1.17(23) 0.68(25)
Xy  0.47(23) 0.19G31) 1.90(15)
X 1.04(18) 3.23(11) 0.72(24)
Xy 12.73(2) 3.98(9) 9.08(3)
X 12.7203) 8.48(1) 13.22(1)
Xye  15.57(1) 4.00(8) 7.35(5)
X3 3.14(8) 4.93(4) 3.69(8)
Xy 233(11) 2.64(14) 9.93(2)
X  0.04(32) 2.13(16) 2.02(14)
X 0.34(25) 1.99(18) 1.33(20)
X 1.72(15) 0.22(29) 1.71(16)

UX-X34 ; see the legend in Table 3.
INumbers in parenthesis are rank of the contributing proportion (P;%)
of each peak.
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Fig. 3. Total chromatogram of aroma components in barley bran sauce and rank of the contributing proportions (P;%) of each

peak transformed with 3 variables.

absolute value. On the other hand, peaks 10 (4-acetyl
heptanenitrile), 32 [unknown], 22 (ethyl hexadecanoate),
and 17 [2-methoxy-4-(1-propenyl) phenol] did not contribute
to the aroma of barley bran sauce. When contributing
portion was calculated using absolute value transformed
with square roots, peak 28 (ethyl 9,12-octadecadienoate)
made the highest contribution among the peaks to the
aroma of barley bran sauce The next highest values were,
in descending order: 31 (9,12-octadecadienoic acid), 27
(methyl 9,12-octadecadienoate), 12 (phenyl acetaldehyde),
and 29 (methyl 9,12,15-octadecatrienoate).
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