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SENSORY ASSESSMENT OF SAUERKRAUT USING
A NON-NUMERIC APPROACH BASED ON
MULTI-CRITERIA AND MULTI-PERSON
AGGREGATION
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Abstract: The purpose of this study was to perform the sensory assessment
of sauerkraut after a seven-day fermentation with various salt
concentrations by using a non-numerical approach based on multi-criteria
and multi-person aggregation. The criteria of sensory assessment included
flavour, colour, taste, texture, and overall acceptance with a salt
concentration variation of: 2.25% (alternative 1), 2.50% (alternative 2),
7.50% (alternative 3) and 12.50% (alternative 4). The study results showed
that the sensory assessment using a non-numerical approach based on
multi-criteria and multi-person aggregation had successfully determined the
best decision from various material treatment alternatives. The best decision
according to people’s acceptance was the sauerkraut with a 2.25% salt
concentration (alternative 1) and 2.50% salt concentration (alternative 2)
with a ‘like slightly’ (LS) decision, while the sauerkraut with a 7.50% salt
concentration (alternative 3) or the one with a 12.50% salt concentration
(alternative 4) were ‘neither like nor dislike’ (NT). Overall, it shows that the
salt concentration variation in sauerkraut resulted in different acceptance
patterns based on sensory assessment.

Keywords: cabbage, salt concentration, fermentation, sensory, non-
numerical.

1. Introduction Cabbages that are not sold at traditional
markets, are usually thrown away.

Cabbage (Brassica oleracea) is one of Therefore, the advanced treatment for the
the vegetables that are widely grown in  post-harvested cabbage is necessary, in
Indonesia, and this product is abundant. the interim by processing cabbages into
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sauerkraut. Fermentation is one of the
food preservation methods that is very
ancient and able to maintain the nutrition
value of food. The fermented vegetable
products that are famous today are
sauerkraut (Germany), kimchi (Korea),
pickles, and salted vegetables. Sauerkraut
can be made from various vegetables such
as vyellow velvetleaf, mustard leaf,
cabbage, water spinach, and bamboo
sprouts. For fresh cabbages that were
fermented into sauerkraut, salt with
particular concentrations was used, so the
addition of other microorganisms such as
inoculum or yeast is not necessary
because lactic acid bacteria already exist
in cabbages [9]. The growth and activity of
lactic acid bacteria can be selectively
stimulated by the addition of salt before
the fermentation process. The given
concentration of salt will affect the quality
of sauerkraut [2], [9], [11-14]. The process
of making sauerkraut is not much different
from making salted vegetables; it is just
mandatory that the vegetables for the
sauerkraut are finely cut.

Sauerkraut is still uncommon because
the consumption of sauerkraut is still
scarce. But in foreign countries, such as
those in Europe can be found in the form
of “sauerkraut”, Korea in the form of

“kimchi”, Japan in the form of
“tsukemono”, and it is consumed daily in
significant amounts. Therefore, this

vegetable processing can also become an
initiative  for Indonesia to  supply
vegetables to those countries, and thus it
is expected to become an export product
with a good prospect.

The purpose of this study was to
perform the sensory assessment of
Sauerkraut after a seven-day fermentation

and with a salt concentration variation by
using a non-numerical approach based on
multi-criteria and multi-person
aggregation. The criteria of sensory
assessment included flavour, colour, taste,
texture, and overall acceptance with a salt

concentration  variation of: 2.25%
(alternative 1), 2.50% (alternative 2),
7.50% (alternative 3) and 12.50%

(alternative 4). The non-numerical method
based on Multi-Criteria and Multi-Person
aggregation was initially developed by
Yager [15] and continued to develop for
various uses [1], [3], [5, 6], [8], [10], [16].
The use of the non-numerical method
based on multi-criteria and multi-person
aggregation in food product organoleptic
assessment is rare, but this method is
believed to give an easier assessment,
compared to a statistic method or other
assessment methods.

2. Materials and Methods

Cabbages that were used in this study
were obtained in the farmland of
Takengon, Aceh Tengah regency, province
of Aceh, Indonesia. Sixteen kilograms of
fresh cabbage were sorted, washed, and
then finely cut into £ 2-3 mm sized pieces
(the bone leaf and core were not included
as much as possible) for all types of
treatment. The determination of cabbage
initial weight for each sample was
represented by 200g cabbage slices. The
variants of salt concentrations that were
used were: 2.25% (K1), 2.50% (K2), 7.50%
(K3) and 12.50% (K4). To add flavour and
function as an anti-microbial agent, 1%
pepper was added to all treatments. The
salting method that was used was dry
salting in which solid or crystal salt was
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used. The addition of salt and pepper was
done by smearing them on cabbage slices,
after that the cabbage slices were stirred
until even, and they were placed in a
transparent glass jar while pressing them
until compact. The jar was tightly sealed
until air-tight and fermented for 7 days in
an ambient temperature of 20 — 25°C.

For the sensory assessment of Sauerkraut
after a seven-day fermentation with salt
concentration variations, a non-numerical
approach based on multi-criteria and multi-
person aggregation was used. The sensory
assessment criteria included flavour, colour,
taste, texture, and overall acceptance of
each alternative of sauerkraut assessed.
The linguistic scale of sauerkraut
assessment is illustrated in Table 1, while
the criteria importance level is scored based
on the scale illustrated in Table 2. The steps
of a non-numerical method based on multi-
criteria and multi-person aggregation are
displayed in Figure 1.

The people whose opinions were

recorded in this assessment were 7
people, namely:
a. Three  Universitas  Syiah  Kuala

lecturers who once lived in Germany
and consumed sauerkraut

b. Two college students who like to eat
sauerkraut

c. Two college students who like to eat
pickles (similar to sauerkraut).

Table 1
Linguistic assessment scale
Scale Information Abbreviation
1 Like very much LV
2 Like moderately LM
3 Like slightly LS
Neither like nor
4 dislike NT
Dislike slightly DS
Dislike moderately DM
Dislike very much DV
Table 2
Criteria importance level
Scale Information Abbreviation
1 Very high LV
2 |High LM
3 Neither like nor dislike NT
4 Low DM
5 Very low DV
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Determinstion of alternatives

¥

Determination of criteria

¥

Determination of person

¥

Determinstion of the sssessment
scale

¥

Determination of the level of
impaortance criteria

¥

Arranging the matrix of assessment criteris
according to person and alternatives

¥

Determining negation of the criteria importance
lewvel
Neg [Wk) = Wt

¥

Process of criteria aggregation
Vij = min [Meg [(Wak) v Vij [zk]]

Results of criteria aggregation

Process of person sggregation
Qk = Int [1+(k* ([g-1}/r)i]

¥

Person sgeregation results
were obtained

Fig. 1. Non-numeric steps based on
multi-steps based on multi-criteria and
multi-person aggregation

The next step is to formulate a matrix
of assessment criteria based on the
assessors’ opinion and chosen alternative.

Determination of criteria importance
level negation was done by using the
formula (1):

Neg (W) = (Wq-k+1) (1)
where:
Neg (Wy) is the score negation of
criteria k;
k - index;

g - scale amount.

The process of aggregation on criteria
relied on the formula (2):

V;; = min [ Neg (W) V W, (a)] (2)

where:
Vji is the score of alternative i by person
J;
Vji (ax) - score of alternative i by person j
on criteria k;
K-1,2,..,m.

Determining score using the formula (3):

1
Qp= Int[1 + (k=2

)] (3)

where:
Qxis the score k;
Int - integer;
R - number of assessors.

Aggregation process for a person
(assessor) using the formula (4):

Vi= f(V)max [ Q:Ab]  (4)

where:
Vi is the total score for alternative /;
Q; - score j;
J-1,2,.,.m;
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b;-order from the biggest alternative
score i from alternative score j.

3. Results and Discussion

In the first step, a calculation was done
for the negation value of each criterium
importance level by using formula (1), so
that it resulted from the negation of the
criteria score based on each index. A
result of the calculation of the negation of
the criteria importance level is as
presented in Table 3. Next, all sensory
assessment from each person is tabulated
as seen in Table 4.

3.1. Criteria Aggregation
Based on assessor opinion, the

aggregation criteria for each alternative
was calculated by using formula (2), so

that it resulted from the calculation of

each alternative as follows:

a. Alternative 1 (2.25 % salt) = LM, LS, LS,
LS, LS, LS, LS;

b. Alternative 2 (2.50 % salt) = LS, LS, LS,
NT, LM, LS, LS;

c. Alternative 3 (7.75 % salt) = LS, NT, NT,
NT, LS, NT, NT;

d. Alternative 4 (12,50 % salt) = NT, DS,
NT, NT, NT, NT, NT.

3.2. Person Aggregation

After that, before calculating person
aggregation by using formula (4), the
calculation of each score was done in
advance by using formula (3), so that it
resulted from the calculation as follows:

The score for Q1, Q2, Q3, Q4, Q5, Q6,
Q7 respectively = DM, DS, NT, NT, LS, LM,
LV.

Negation of criteria importance level Table 3
Criteria Importance Level The negation of Criteria Importance Level
Criteria 1= | Very high Criterial= | Verylow
Criteria2 = | High Criteria2 = | Low
Criteria 3 = | Neither like nor dislike Criteria 3 = | Neither like nor dislike
Criteriad = | Low Criteria4 = | High
Criteria5= | Very low Criteria 5= | Very high
Table 4
Criteria of assessment by each person of all alternatives
Person Alternative Criteria
Flavour Colour Taste Texture Overall Acceptance
K1 LV LV LM LS LM
K2 LV LV LS LM LV
P1 K3 LV LM LS LM LM
K4 LS LM NT LM LS
K1 LM LM LS LM LS
Py K2 LS LS LS LM LS
K3 NT NT DS LM NT
K4 LS DS DS LS NT
P3 K1 LV LM LS LV LM
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Person Alternative Criteria
Flavour Colour Taste Texture Overall Acceptance
K2 LV LM LS LM LM
K3 NT NT DS LM NT
K4 NT LS NT LM LS
K1 LM Lv LS LS LS
Pa K2 LM LM NT LM LM
K3 LS LS NT LM NT
K4 LM LS NT LS NT
K1 LV LS LS LV LS
K2 LM LM LM LV LM
PS K3 LV LS LS LM LS
K4 LV LS NT LS NT
K1 LM LS LS LM LM
K2 LM LS LS LM LS
P6 K3 LM NT NT LM LS
K4 LS LS NT LS LS
K1 LV LM LS LM LM
K2 LV LS LM LM LS
P7 K3 LM NT LS LS NT
K4 LS NT NT LS NT

The result of person aggregation for
each alternative by using formula (4) was:
a. Alternative 1 (2.25 % salt) = LS;
b. Alternative 2 (2.50 % salt) = LS;
c. Alternative 3 (7.75 % salt) = NT;
d. Alternative 4 (12,50 % salt) = NT.

According to the sensory assessment of
sauerkraut with various alternative salt
concentrations, it shows that alternative 1
and alternative 2 were more acceptable
with ‘Like Slightly’ (LS) decision, while
alternative 3 and alternative 4 resulted in
the ‘Neither like nor dislike’” (NT) decision.
Therefore, the salt concentration that is very
recommended for sauerkraut, especially for
the consumers in Indonesia, is of 2.25% to
2.50%, as resulted from the sensory
assessment conducted in this study.

The sensory assessment on sauerkraut
by using a non-numerical approach based
on  multi-criteria  and  multi-person
aggregation became one of the methods
that can be used in making a decision [3, 4],

[7], [17]. It has been demonstrated by the
calculation result of the sensory assessment
of sauerkraut that has been performed in
this study. An assessment like this is indeed
easier and quicker so that the decision to
develop or to review furthermore can
consider both product types that were
chosen as best products (Like slightly/LS).
However, this study is still limited on
sensory assessment to determine the best
decision from various alternative decisions.
The chance for further development is still
wide open, particularly one that is related to
the necessity of making the comparison by
using other methods, such as a statistic test
or similar multi-criteria decision making, so
that the significant difference between one
and another method can be studied.

4. Conclusions

Sensory
numerical

assessment using a non-
approach based on multi-
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criteria and multi-person aggregation has
successfully determined the best variant
from wvarious alternatives of material
treatment. Based on person acceptance, it
was obtained that the best variants were
sauerkraut with a salt concentration of
2.25% (alternative 1) and of 2.50%
(alternative 2) with the “like slightly” (LS)
qualification, while sauerkraut with a salt
concentration of 7.50% (alternative 3) and
of 12.50% (alternative 4) was qualified as
“neither like nor dislike” (NT). The salt
concentration difference in sauerkraut
sensory assessment showed different
levels of acceptance so that the decision
resulting from this assessment has led to

the recommendation to choose the
sauerkraut with the most liked salt
concentration.
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