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The volatiles (E,2)-2,6-nonadienal, 1-penten-3-one, (2)-4-heptenal, and (E,E)-2,4-heptadienal were
added to milk containing 1.5% fat according to a central composite design, to evaluate the individual
and combinatory effects of these volatiles on sensory properties. The milk samples with added volatiles
were subjected to sensory descriptive analysis for fishy and metallic off-flavors. The data were analyzed
using partial least-squares regression and multiple linear regression to develop mathematical models.
The models revealed significant main effects of (E,2)-2,6-nonadienal and 1-penten-3-one and
highlighted the importance of two-factor interactions for contribution toward off-flavors. The results
suggest that (E,2)-2,6-nonadienal and 1-penten-3-one could be useful markers for fishy and metallic
off-flavors in fish oil and fish oil enriched foods. Within the addition levels of the volatiles there was
a curvature effect of (E,2)-2,6-nonadienal, a compensatory effect of (2)-4-heptenal and (E,E)-2,4-
heptadienal, and a synergistic effect of (E,Z2)-2,6-nonadienal and (2)-4-heptenal in the development
of fishy off-flavors.
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INTRODUCTION fish oil enriched spreads. However, the data on volatile com-
Lipid oxidation is the most critical parameter affecting the pounds obtained by headspace methods have been demonstrated

quality and shelf life of fish oil and the food emulsions in which O correlate well with sensory data)( On the basis of the gas
fish oils have been incorporated. The oxidative deterioration of Chromatographic analysis of volatile compounds coupled with
fish oil involves the formation of hydroperoxides from poly- Sniffing experiments and sensory analysis, odors and flavors
unsaturated fatty acids in triglycerides, and the further progressassociated with a large number of volatile oxidation compounds
of autoxidation give rise to a complex mixture of secondary [N Oils of vegetable and animal origin have been descrilied (
oxidation products. Although lipid hydroperoxides are tasteless 6)- However, the sensory impact of individual or combinations
and odorless, the secondary oxidation products are responsibléf volatile oxidation compounds in real food emulsions has not
for the changes in the aroma and flavor properties of foods Peen studied.
caused by the oxidation (1). Several volatile components have been characterized in fish
Widely used methods for assessing lipid oxidation include Oil (7—9), in fish itself 10—12), and in fish oil enriched foods
peroxide value (PV), anisidine value, 2-thiobarbituric acid value, such as mayonnais&3) and milk (L4). Sixty different volatiles
and conjugated dienes. Although the data obtained by the usecomprising alkenals, alkadienals, alkatrienals, and vinyl ketones
of these methods indicate the state of lipid oxidation, it has been have been identified in fish oil enriched milk4). Furthermore,
shown that none of these methods correlate well to the sensorythe most potent odorants identified in this system by gas chro-
data of fish oil @). Furthermore, JacobseB) Ghowed that there ~ matography—olfactometry (GC-O) were 1-penten-3-028; (
is no correlation between PV and the taste panel response orfi-heptenal, 1-octen-3-one, 1,5-octadien-3-oBg)2,4-hepta-
dienal, and,2)-2,6-nonadienal, but despite their potency, none
* Address correspondence to this author at the Department of Seafood Of the separated individual volatiles produced a fishy or metallic
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Table 1. Combinations of Design Variables Used in the Central Composite Design along with Response Variables Obtained by Sensory Analysis

(E,2)-2,6- (E,E)-2,4-

nonadienal 1-penten-3-one (2)-4-heptenal heptadienal fishy odor metallic odor fishy flavor metallic flavor

sample (ng/100 g of milk) (ng/100 g of milk) (ng/100 g of milk) (ng/100 g of milk) (mean * SD) (mean + SD) (mean * SD) (mean + SD)
1 0 3000 250 500 1.26 (+1.45) 1.02 (+0.82) 1.26 (+1.28) 1.12 (+0.98)
2 1000 3000 250 500 1.84 (£1.55) 1.24 (£1.09) 2.72 (£1.65) 2.15 (£1.46)
3 500 0 250 500 1.41 (1+.38) 0.78 (£0.92) 2.01 (£1.47) 1.54 (£1.48)
4 500 6000 250 500 2.77 (£1.91) 2.19 (£1.45) 2.89 (£1.51) 2.36 (£1.08)
5 500 3000 0 500 1.63 (£1.38) 0.92 (£1.13) 2.09 (£1.37) 1.71 (£1.37)
6 500 3000 500 500 1.02 (+0.88) 0.86 (£0.85) 2.41(£1.39) 1.75 (£1.58)
7 500 3000 250 0 1.85 (+1.43) 1.15 (£1.14) 2.50 (£1.97) 2.01 (£1.48)
8 500 3000 250 1000 1.57 (+1.39) 1.28 (+1.07) 2,11 (x1.42) 1.91 (+1.39)
9 250 1500 125 250 1.20 (+1.36) 0.77 (£0.85) 1.88 (+1.06) 1.24 (+0.87)
10 750 1500 125 250 0.88 (£1.16) 0.70 (£0.78) 1.60 (£1.52) 1.63 (£1.18)
11 250 4500 125 250 1.09 (£1.44) 0.78 (£0.77) 2.43 (£1.40) 1.89 (£1.24)
12 750 4500 125 250 2.57 (£1.50) 1.86 (+1.29) 2.83 (£1.64) 2.04 (£1.35)
13 250 1500 375 250 1.09 (£1.08) 0.57 (£0.70) 1.83 (+£1.06) 1.54 (+1.40)
14 750 1500 375 250 1.56 (+1.41) 0.91 (£0.85) 2.28 (£1.41) 1.63 (£1.27)
15 250 4500 375 250 2.33 (+1.88) 1.29 (+1.41) 2.65 (+1.46) 2.12 (£1.53)
16 750 4500 375 250 2.61 (+1.46) 1.52 (+1.00) 3.46 (£1.85) 2.26 (£1.59)
17 250 1500 125 750 1.59 (£1.39) 0.99 (£0.84) 2.78 (£1.34) 2.03 (£1.44)
18 750 1500 125 750 1.67 (+1.26) 1.00 (£1.09) 1.86 (£1.75) 151 (£1.44)
19 250 4500 125 750 1.91 (£1.47) 1.31 (+£1.31) 2.64 (£1.42) 2.05(£1.18)
20 750 4500 125 750 2.10 (£1.69) 1.15 (+0.86) 3.28 (£1.57) 1.98 (+1.58)
21 250 1500 375 750 0.73 (£1.13) 0.41 (£0.63) 1.20 (£1.27) 1.31 (+£1.39)
22 750 1500 375 750 1.38 (+1.62) 0.88(+1.09) 2.33 (£1.49) 1.58 (+0.97)
23 250 4500 375 750 2.13 (£1.49) 1.46 (£1.10) 2.57 (£1.45) 1.95 (+£1.25)
24 750 4500 375 750 2.62 (£1.76) 1.81 (£1.18) 3.31(%1.35) 2.23 (£1.00)
25 500 3000 250 500 2.34 (£2.12) 1.31 (£1.23) 2.76 (£1.28) 2.11 (£1.26)
26 500 3000 250 500 1.84 (£1.13) 1.05 (+0.89) 2.38 (£1.24) 2.18 (£1.47)
27 500 3000 250 500 1.11 (£1.37) 0.76 (£0.92) 2.54 (£1.48) 1.81 (+1.46)
28 500 3000 250 500 1.97 (£1.71) 0.90 (+0.90) 2.60 (£1.47) 1.64 (+0.99)
29 500 3000 250 500 2.30 (+1.44) 1.74 (£1.14) 2.92 (£1.04) 2.06 (£0.92)

plastic in fish oil enriched mayonnais&3) and fish oil enriched regression (MLR) describing the relationships between the
milk (14). The increase in fishy, metallic, and rancid off-flavors concentrations of 1-penten-3-ong,Z)-2,6-nonadienal Z)-4-

has been correlated to high concentrations BfE)-2,4- heptenal, andH,E)-2,4-heptadienal and the intensity of off-
heptadienal in fish oil enriched mayonnais®, (L5). The flavors in a milk emulsion. To achieve response surface models,
perception of off-flavors has been correlated to the developmentdifferent concentrations of volatiles were added to the milk
of 1-penten-3-one, (E,E)-2,4-heptadienal, and (E,Z)-2,6-nona-following a central composite design (CCD). Furthermore, due
dienal in fish oil enriched milkX6). The volatilesZ)-4-heptenal to the importance of combinatory effects of volatiles on sensory
and (E,Z)-2,6-nonadienal have been associated with fishy off- properties, the interactions and square effects were studied in
flavors in oxidized fish oil ¥) and in related fish oil products  addition to the main effects.

(13). On the basis of these reports along with the results of

volatile secondary oxidation products identified in fish oil MATERIALS AND METHODS

enriched milk by GC-O14), the volatiles E,Z)—2,6-nqnad|enal, Materials. Pasteurized milk with fat content of 1.5% was purchased
1-penten—3-_one20—4—heptenal, anoE(,E)-2,4-hept.ad|en.aI were locally. The chemicalsE,Z)-2,6-nonadienal (95%), 1-penten-3-one
considered in the present study to draw the relationships betweeng7os), and E,E)-2,4-heptadienal (90%) were purchased from Aldrich-
the combinatory effects of these volatiles and the development chemie, and (2)-4-heptenal (85%) was purchased from TCI.
of off-flavors. We did not include 1,5-octadien-3-one in the Experimental Design.A CCD was followed to reduce the number
present experiment, even though it had been identified as aof possible combinations of the selected volatiles to a manageable size.
potent odorant in fish oil enriched milk by GC-@4). However, Five levels were chosen for each design variable in the feén—1,
1,5-octadien-3-one was not detected in fish oil enriched milk 0,+1, and+2, where—2 and+2 were the lowest and highest levels,
having a strong fishy off-flavor after only 1 day of storage in respectlvgly, with O level as the cepter point. Five rephca}nons of tlhe
our previous study1(@), which is why we opted not to include center points were used in th_e design. The 29 combinations obt_alned
1 5-octadien-3-one in'this combinatory study are shown inTable 1. The milk samples were prepared by adding
! o . . o 1-penten-3-one,H,2)-2,6-nonadienal, 4)-4-heptenal, andgE)-2,4-

Multivariate analysis can be of help in modeling the effects heptadienal to pasteurized milk according to the runs of the CCD. The
of volatile secondary lipid oxidation products on the develop- samples were shaken for-30 min to ensure that the added components
ment of off-flavors. The only model available in the literature were mixed properly in the milk. Then, the samples were kept°& 5
describing the quantitative relationship of volatiles and fishy for 1 h and served for sensory evaluation.
taste in fish oil was developed by Macfarlane et 2).4nd was Descriptive Sensory Analysis and Evaluation of Panelist Per-
based on three volatiles, 2,6-nonadienal, 4-heptenal, and 3,6formance. Descriptive sensory analysis was performed using 16
nonadienal. To keep the model simple, Macfarlane et al. studied Panelists (eight females and eight males) who had previous experience
only the main effects of three volatiles and did not include other in performing descriptive analysis on milk samples and fishy off-flavors.

sensory descriptors such as metallic, rancid, and paintlike whichISO Standards 8586, 6658, and 6564 were generally followed for
y P ’ ’ P ’ training and sensory analysis methods, respectively. The panelists were

are commonly perceived in oxidized fish oil. trained in six sessions to define the descriptors by a consensus method
The objective of the present study was to develop models using either fish oil enriched milk samples having distinct fishy and
using partial least-squares regression (PLSR) and multiple linearmetallic off-flavors or pure milk to which the four selected compounds
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had been added in different concentrations and combinations. Concenng; 1-penten-3-one, 3000 ng})¢4-heptenal, 250 ng; ané&E)-
tration_s used for the four compounds were as follows: (E,Z)-2,6- 2 4-heptadienal, 500 ng. By taking these concentrations as a
nonadienal, 0—1000 ng/100 g; 1-penten-3-one3000 ng/100 g;)- center point, five levels were followed in the central composite

4-heptenal, 0-1000 ng/100 ¢ E)-2,4-heptadienal, 0-2000 ng/100  gyegign (Table 1). A concentration of zero was chosen as the
g. During these sessions the panelists were traineda@®@cmline lowest level for all of the variables

scale to quantify the intensity of selected flavor descriptors fishy odor, . . .
fishy flavor, metallic odor, and metallic flavor. The samples°(®) Descriptive Sensory AnalysisThe data obtained from the

were presented one at a time, and the samples were examined inS€nsory analysis as per the runs of CCD are detailéithbie
individual sensory evaluation booths. During the experiment each 1. The values of standard deviation (SD) for each sensory
sample was evaluated only once by each panelist. The samples wergesponse are given in parentheses, and it was observed that the
assessed quantitatively with respect to four descriptive responses: fishyrelative values of SD appear to be high in the case of fishy and
odor, fishy flavor, metallic odor, and metallic flavor. Six samples were metallic odor descriptors compared to those of flavor descriptors.

assessed at each sensory session including one center sample, whicfp;is can partly be explained by the fact that the threshold values
was evaluated in each session. Apart from this restriction, the order of are generally lower for flavor than for odot§)

the evaluation of the samples was randomized. ) . .
The performance of the panel was evaluated by calculating the The design followed in the study allowed us to ascertain the

overall signal-to-noise ratio of each assessor. Moreover, the responsécOntribution of selected volatiles to the development of off-
from the individual assessors was compared with the mean value for flavors. The sensory responses observed in samples 1 (without
each descriptor. On the basis of this evaluation, the responses fromnonadienal), 3 (without penten-3-one), 5 (without heptenal), and
two of the assessors were ignored and not included in the calculations7 (without heptadienal) tended to be lower compared to that of
of the models described below. central samples 2529 (Table 1). This observation demonstrated
Multivariate Analysis. The tasks of PLSR and MLR were performed the combined effect of the four selected volatiles on flavor
using the Unscrambler 7.6 SR-1 (Oslo, Norway). The modeling with attributes. Particularly, the effect of nonadienal (samples 1 and
main effects, interaction effects, anc_j square ef'fectS\m_is attempted 2) and penten-3-one (samples 3 and 4) was pronounced with
in both PLSR and MLR on the basis of the polynomial equation respect to fishy flavor. Furthermore, the samples with concen-
trations of three volatiles (16 and 20) and four volatiles (24) at

Y=1Dg+ BN+ b,P +byH +b,D + bgN x P + +1 level were found to exhibit high sensory scores of off-flavors

bgN x H+b,N x D+ bgP x H+ bP x D + (Table 1).
b,H x D + by ;N*+ b,,P? + b ;H?+ b, D? + E Multivariate Analysis. The mean values of sensory responses
were used for statistical analysis. The data were modeled
whereY is the predicted response variable addP, H, andD are according to polynomial equations by multivariate analysis. A

design variablesH,Z)-2,6-nonadienal, 1-penten-3-one, (Z)-4-heptenal, so-called ANOVA PLSR (APLSR) model was calculated, in
and €,E)-2,4-heptadienal, respectively. The regression coefficiants which the design variables (concentrations of volatiles) were
by are the main effectfis—bno are interaction effectéy;—baare square  ysed asX variables and the response variables (sensory data)
effects, andy is the interceptE is the residual error term. were used a¥ variables {9). The purpose of the APLSR model
Each variable was weighed with the inverse of its standard deviation \yas to determine the relationship between the volatiles plus their
(lt/ S?_) b()aforedmo?(ell(ln_gf;_. Full cross-v?hge}notr;] (li?_vslr;egnﬂgtciz:]?os:ggfs interactions and the sensory responses and at the same time to
at a time) and Jack-Knifing were a led in the . : . . .
the statistical r(JaIiabiIity of%he indivi%FL)JaI estimated respondss.(The prtC)VId(:i_(E a gll’all\;)[]gal O\éeTwew of fheIS? rgla“?ﬂsmps' lndp?ral_:_il’
validity of the MLR model was assessed by ANOVA. In the final i‘/”_rg rInI(c))g:I was C(r)nn?paerevlljav?/ift?tﬁg aASL glg mg dsjr\?vﬁh ?ezbecte

models, only the coefficients characterized ®y< 0.1 were used to L ) o
evaluate the effects of linear, quadratic, and interactive terms. The t0 the values of the intercepts and regression coefficients and

significance levelP < 0.1 was considered in view of the relatively ~ Statistical significance.
large standard deviations observed in the quantitative descriptive ~ANOVA PLSR. In view of the absence of fishy and metallic
analysis of the sensory attributes in the present study. off-flavors associated with the individual volatiles in the

Response surface plots displaying the levels of a response as ascreening experiment, all possible two-, three-, and four-factor
function of two selectgd varlabl_es with o_ther variables being held jhteractions and square terms were considered for modeling. In
constant were used for interpretation of the final models. The parametersy, o first attempt, none of the variables showed significance. After
studied to compare the individual models were the root-mean-square . . P .
error of prediction (RMSEP), the regression coefficients, and the offset some varlables with small contributions a_nd_ I_arge “”Ce.”‘?"“ty
of the regression curve (intercept). limits were ignored, the model showed S|gnnf|cant coef_ﬂment

values for 1-penten-3-one amdil x P x D (for interpretation
of volatile names, refer tdable 2). However, in an attempt to

RESULTS AND DISCUSSION improve the model by ignoring some other nonsignificant inter-

Screening Experiment. The selected volatilesE(Z)-2,6- actions, the model revealed that the main effects of 1-penten-
nonadienal, 1-penten-3-on&){4-heptenal, andx E)-2,4-hep- 3-one and théN x H interaction were significant, withl x P
tadienal were screened to assess their possible role in thex D becoming nonsignificant. Owing to this inconsistency and
development of off-flavors. The concentrations chosen for each instability of the models, three- and four-factor interactions were
compound corresponded to the concentrations observed in fishnot considered for the final models. Then, APLSR analysis was
oil enriched milk emulsions exhibiting distinct fishy and metallic repeated with all linear, two-factor interactions and square terms.
flavors (data not shown). When the volatile compounds were Again, the model for each descriptor was improved by ignoring
added individually to the milk, none of these compounds im- Some variables with small contributions and large uncertainty
parted fishy or metallic off-flavors to the milk. Addition of two  limits.
or three volatiles in specific combinations and addition of all ~ The final APLSR model for fishy flavor was based on four
four volatiles resulted in development of fishy and metallic off- main effects and three interaction terms% P, N x H, andH
flavors. The highest intensities of fishy and metallic off-flavors x D). The model consisted of two principal components (PC),
were perceived when the volatiles were added in the following in which 64% of theY variance and 28% of th& variance
concentrations per 100 g of milk:E(Z)-2,6-nonadienal, 500  were explained. The model with the same main effects and two-
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Table 2. Regression Coefficients, RMSEP, and Intercept of the Final the DPLSR and APLSR models verify that the data structure
APLSR Models of the Sensory Responses (Significance Level P < 0.1 observed in the APLSR model is real, and therefore this model
in the Final Model) is sound and valid. Furthermore, the DPLSR model revealed

the fishy flavor, fishy odor, and metallic odor as significant. A

fishy metallic fishy metallic DPLSR model without two-factor interactions showed only fishy
factor odor odor flavor flavor L PETS . .
flavor as significant, indicating that the interaction terms were

(lzg’ing;tir?;%? 2'0003 2'0002 2'0003 2'0002 MLR in Comparison with APLSR. The MLR analysis was
(EE)-2,4-heptadienal (D)  a a a a performed in the same way as APLSR by ignoring the variables
NxP a a a with small contribution and large uncertainty for achieving a
g X : a 00808 00859  a model with optimum interactions. Separate models were derived
HxD a ' 01021 a for four different flavor attributes. The MLR model obtained
p2 0.0409 for fishy flavor contained two main effects and four two-factor
H? -0.0609 interaction terms in the following form:
intercept 0.4509 0.1529 1.0544  1.0946
RMSEP 0.4468 0.3100 03995  0.2386

fishy flavor=2.511+ 0.001 [(E,Z)-2,6-nonadienat}
0.0003 (1-penten-3-one) 0.118 (Nx P) +

0.176 (Nx H) — 0.141 (Hx D) — 0.096 (\f) + E (2)

2 The factor was included in the model but found to be not significant.

factor interaction terms was found to be optimum for both fishy

odor and metallic flavor, but the model for fishy flavor had Similarly, equations for other sensory descriptors can be drawn
more significant interactions compared with the models for fishy from Table 3. All of the models generated by MLR explained
odor and metallic flavor{able 2). The optimized model for ~ >70% variations of the responses wihvalues> 0.7 (Table
metallic odor was based on four main effects, two-factor 3). The highest correlation coefficient was observed with respect
interactionP x H and the square terms of penten-3-one and to fishy flavor (R> = 0.784). The explained variability can be
heptenal, and it contained two PCs with similar explained considered adequate in view of the observed probability level
variance Y = 64% andX = 29%). The relatively low percentage in all of the models of? < 0.0002.

of explained variance X indicated that only a part of the The significance estimates of the regression coefficients in
variation in the design was used to describe the obtained sensorythe jack-knifed PLSR model and MLR model are listed in
data. It may be mentioned that the low percentage of explained Tables 2and3, respectively. The volatile€(2)-2,6-nonadienal
variance has been reported in other sensory experiments withand 1-penten-3-one were found to be significant for all of the
fish oil enriched productsl6, 16). The polynomial equation  response variables in both MLR and APLSR models. On the

for each sensory descriptor can be drawn frbable 2. For basis of these models it can be concluded that the increase in
example, the equation for fishy flavor is the concentrations oE(Z)-2,6-nonadienal and 1-penten-3-one
contribute significantly to the development of off-flavors. It
fishy flavor = 1.0544+ 0.0008 [(E,Z)-2,6-nonadienat should be emphasized that these volatiles have been reported
0.0003 (1-penten-3-one) 0.0859 (Nx H) — to result from the oxidation oh—3 fatty acids 8, 20). The

0.1021 (Hx D) + E (1) results from the present study suggest tEaZ)-2,6-nonadienal
and 1-penten-3-one could be useful markers for evaluating fishy
The main relationships in the data, revealed by the APLSR, and metallic off-flavors in fish oil and fish oil enriched foods.
were depicted in correlation loadings pldtigure 1). All of Extensive application of fish oil in different foods has been
the response variables describing the fishy/metallic odor and limited by the development of fishy and metallic off-flavors
flavor were located far to the right in the correlation loadings due to the formation of volatiles resulting from the oxidation
diagram. Thus, the horizontal dimension (PC1) was clearly of fish oil. Propanal, a major breakdown product w3
related to the development of undesirable off-flavors, indicating polyunsaturated fatty acids (PUFA), has been used as a marker
that both fishy and metallic descriptors were perceived together for monitoring the oxidation ofi—3 PUFA @1). Usually, three
in the study. This is in agreement with the observation that fishy sampling methods (static headspace, dynamic headspace, and
and metallic attributes have been reported together in oxidized direct injection) have been employed to measure the volatiles.
fish oil and fish oil enriched foods3( 16). Among the seven It has been observed that the static headspace method showed
variables selected for the modeling, 1-penten-3-one, (E,Z)-2,6-large proportions of low molecular weight propanal compared
nonadienal, and the interaction &f x H showed strong to other GC methods, which produced large proportions of high
correlation to the off-flavors. The vertical dimension (PC2) molecular weight 2,4-alkadienald)( The findings of the present
discriminated between the odor and flavor attributes as they study are thus significant in view of the difficulty in quantitative
differed in their intensity (Figure 1). measurement of propanal by dynamic headspace technique and
Discriminant PLSR. To ensure that the data structure direct injection of GC methods.
observed in the APLSR model was sound and valid, the opposite In addition to demonstrating the significant main effects of
model, a so-called discriminant PLSR (DPLSR) model, was (E,Z)-2,6-nonadienal and 1-penten-3-one, the present study
calculated (19). The sensory variables were useXhaxiables highlighted the importance of two-factor interactions and square
and the design variables considered in the final APLSR model effects in the development of off-flavors. The two-factor
asY variables. Cross-validation showed that two components interactions oN x P, N x H, andH x D and the square effect
were optimum in describing the data. The two principal of nonadienal were found to be significant in the MLR model
components explained 93% of tikevariance and 22% of the  with respect to fishy flavor. Among these interactions, the effects
Y variance. The main relationships betweéandY variables of N x P andN x H were observed as positive and the
in the DPLSR model were found to be almost similar to the interaction ofH x D and the square effect ofE(Z2)-2,6-
pattern observed in the APLSR model. The similarities between nonadienal were observed as negative (eq 2). The strongest
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Figure 1. Correlation loading plot of PC1 versus PC2 obtained by APLSR model for fishy odor, fishy flavor, metallic odor, and metallic flavor. The
ellipses represent 50 and 100% explained variance.

Table 3. Regression Coefficients and Intercepts of the Final MLR metallic odor, whereas only the square term of heptenal was
Models of the Sensory Responses (Significance Level P < 0.1 in the found to be significant in addition to the main effects in the
Final Model) MLR model.

Relatively large values of intercept for all of the response

fish Il fish [ ) . ) )
factor (;Zoyr m;éirlc ﬂ:\/gr rr;gal)l;c variables were noticed in both of the models examirebles
- 2 and3). The observed high values of intercept can be explained

(lE’Z)'Z'G'”O”ad'e”a' (N) 00008 0.0005 0.0010 0.0005 on the basis of the fact that all 29 samples studied in the

-penten-3-one (P) 00003  0.0002 0.0003 0.0002 ; . g
(2)-4-heptenal (H) a a a a experiment resulted in sensory score®.4. This is because alll
(E,E)-2,4-heptadienal (D) a a a a of the samples in the design, except four samples in which one
NxP a 0.118 variable was omitted in each, contained the four selected
NxH 0.176 variables at various concentrations. When the sensory data of
P xH 0.139 . ; \
HxD a —0141 a real milk samples (without added volatiles) was added to the
N2 a ~0.096 ~0.069 data set, the intercept value was reduced considerably and
p2 a a approached zero in the model (data shown). The intercept values
:'r']:ercept ‘?-53 ‘gggg 2511 i955 obtained by the APLSR models were much smaller compared
R2b 0721 0741 0.784 0.705 to those of the MLR models. o
pe< 0.0009 0.00001 0.00001 0.0002 The estimated values of root-mean-square error prediction

(RMSEP) were obtained by the APLSR analysis for all of the

aThe factor was included in the model but found to be not significant. sensory descriptors. The RMSEP values are expressed in the

b Coefficient of regression. ¢ Significance level of the model. same units as the original responses. The RMSEP values
obtained in the studyT@ble 2) are low compared to the standard

positive effect of two-factor interactior’ x H andN x P to deviations observed in the sensory data.

fishy flavor was revealed by their high regression coefficients  Response Surface PlotS he three-dimensional surface plots,
compared to that of individual main effects (eq 2). The negative reconstructed from the final APLSR and MLR models with
coefficient of nonadienal for its square effect was in agreement optimum interactions, illustrated information on the main and
with the observed cucumber taste in samples in which nona- interactive effects of the volatiles. In the final MLR model for
dienal was at maximum levels. The negative contribution of fishy flavor (eq 2), the two factorsE(Z)-2,6-nonadienal and
nonadienal at high concentrations toward fishy flavor was 1-penten-3-one showed clear main effects. The strong main
presumed to be due to the masking effect of the cucumber tasteeffect of 1-penten-3-one was evident from the slope of the
In the APLSR model, a positive two-factor interactionMfx surface. The E,Z)-2,6-nonadienal showed a curvature effect,
H and a negative two-factor interaction bf x D were also and the probable reason for the curvature might be due to strong
noticed for the fishy flavor (eq 1). A positive two-factor sensory masking effects by its cucumber taste as discussed
interaction indicates a synergistic effect between the involved earlier (Figure 2a). Interestingly, the variables (Z)-4-heptenal
design factors. The assumptions and hypotheses made in earlieand (E,E)-2,4-heptadienal had a compensatory effect on fishy
studies (7, 1322, 23), stating that the fishy off-flavors are due flavor (Figure 2b). The maximum value of fishy flavor was
to complex mixtures of carbonyl compounds, were thus observed when theZj-4-heptenal was at its maximum and
substantiated by these results. (E,E)-2,4-heptadienal was at its minimum and vice versa. In
The MLR model revealed a significant effect®fx H and other words, the combination of these two variables at their
a square effect of heptenal for fishy odor and a square effect of lowest or highest levels was associated with the minimum fishy
nonadienal for metallic flavorTable 3). The square terms of  flavor.
penten-3-one and heptenal and the interactioR of H were The effect of interaction betweeZ)-4-heptenal and (E,Z)-
found to be significant in the optimized APLSR model for 2,6-nonadienal was found to be statistically significant for fishy
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Figure 2. Response surface plots reconstructed from the MLR model: the estimated fishy flavor as a function of (E,Z)-2,6-nonadienal and 1-penten-
3-one at heptenal 250 and heptadienal 500 (a); (Z)-4-heptenal and (E,E)-2,4-heptadienal at nonadienal 500 and penten-3-one 3000 (b). The units of
volatiles are the same as those in Table 1.
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Figure 3. Response surface plots reconstructed from the APLSR model: the estimated fishy flavor as a function of (Z)-4-heptenal and (E,Z)-2,6-
nonadienal at penten-3-one 3000 and heptadienal 500 (a); estimated metallic odor as a function of (Z)-4-heptenal and 1-penten-3-one at nonadienal 500
and heptadienal 500 (b). The units of volatiles are the same as those in Table 1.

flavor in both MLR and APLSR models. Accordingly, the The results obtained in the present study by the two different
response surface plot drawn from the APLSR model (eq 1) for methods, PLSR and MLR, were found to be rather similar. This
fishy flavor shows that the contribution oZ)-4-heptenal to is in agreement with many other studies, where PLSR and
the fishy flavor increases with the increase in the concentration conventional MLR gave similar significance estimat&8)( To

of (E,Z)-2,6-nonadienal (Figure 3a). In the absence of nona- our knowledge the work presented here happened to be the first
dienal, an increase in the amount of heptenal minimizes the study to investigate the effect of volatile secondary lipid
intensity of fishy flavor. Moreover, in the absence @){4- oxidation product interactions on the development of off-flavors,
heptenal, increasing the concentration BfZ4)-2,6-nonadienal by incorporating the volatiles in a real food emulsion and
will not increase fishy off-flavor. The interaction of these two Subsequently evaluating the sensory scores.

variables is expected to play a significant role in real foods

because (Z)-4-heptenal was known to result from the degrada-pcxKNOWLEDGMENT

tion of (E,Z2)-2,6-nonadienal (20). A similar response surface

was observed for the interaction of heptenal and penten-3-onewe thank Lis Berner for skilful laboratory work. We also thank
with respect to metallic odor in which the heptenal enhances E|se Green and the sensory panel at BioCentrum-DTU for
the effect of penten-3-one toward the development of metallic performing the sensory evaluations of the milk samples.

odor (Figure 3b). These findings support the observation of

Lindsay (24) on the role of heptenal. According to hi)-é-
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