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2. Principal component analysis
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Fig 1 Triplet of five points hedonic sensory evaluation
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Table 1 Triplets for five-point sensory evaluation

Not important islzl;f:::s: Important Highly important E::::::z
0025 252525 502525 752525 100 00
P by sballen base 51 Sl o b)) 5 op s oK, gl ls SLdlBan e -Y-1-4-Y
s S0 4 e bl Slel e 51 s la 1 S e S lul kel 31 S a6l Slas el
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Table 2 Initial triplets for colour, aroma, taste, and mouthfeel indices of each sample
Sensory factors NO. of evaluators
Excellent Good Medium Fair .NOt Triplets for sensory
satisfactory
Colour
Fresh mulberry 5 13 5 0 0 (75.00 25.00 19.50)
Frozen mulberry (72h) 5 13 4 0 1 (72.82 23.91 19.56)
Frozen mulberry (1 month) 21 2 0 0 0 (2.17 25.00 97.82)
Frozen mulberry (2 month) 21 2 0 0 0 (2.17 25.00 97.82)
Frozen mulberry (6 month) 13 0 1 0 0 (96.42 25.00 1.78)
Aroma
Fresh mulberry 3 9 9 1 1 (21.73 23.91 63.04)
Frozen mulberry (72h) 5 8 6 2 2 (19.56 22.82 63.04
Frozen mulberry (1 month) 9 11 2 1 0 (15.21 25.00 80.43)
Frozen mulberry (2 month) 9 11 2 1 0 (15.21 25.00 80.43)
Frozen mulberry (6 month) 10 2 2 0 0 (89.28 25.00 7.14)
Taste
Fresh mulberry 1 7 5 9 1 (23.91 23.91 48.72)
Frozen mulberry (72h) 7 9 1 1 (19.56 23/91 65.21)
Frozen mulberry (1 month) 11 9 2 1 0 (13.04 25.00 82.60)
Frozen mulberry (2 month) 11 9 2 1 0 (11.04 25.00 82.60)
Frozen mulberry (6 month) 9 4 1 0 0 (89.28 25.00 8.92)
Mouthfeel
Fresh mulberry 1 8 5 7 2 (23.91 22.82 48.91)
Frozen mulberry (72h) 8 4 8 1 2 (17.04 22.72 64.77)
Frozen mulberry (1 month) 9 2 1 0 (15.21 25.00 80.43)
Frozen mulberry (2 month) 9 2 1 0 (15.21 25.00 80.43)
Frozen mulberry (6 month) 7 1 0 0 (85.71 25.00 12.50)
@ ot G skl 8wy s o 8T gt 8y ol 5l S a4 8 ol slus Bl elsil sl
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Equation (2) o oo b B ol e 5 LA Oy 5w by

 0(0028) +0(252525) + 5(5025 25) +13(7 25 25) + 5(100 250)

(0+0+5+1343)
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Table 3 Triplets for quality attributes of each sensory factor and relative weightage triplets

Sensory NO. of evaluators
factors
. Not Somewhat Important . Highly Extremely Triplet for sensory Trlplet.for relative
1mportant impotrant important  1mportant weightage
Color 0 1 9 6 7 (17.3925.00 70.65)  (0.0530.076 0.217)
Aroma 0 3 3 7 10 (14.13 25.00 76.08)  (0.043 0.076 0.243)
Taste 0 0 1 1 21 (2.17 25.00 96.73) (0.006 0.076 0.297)
Mouthfeel 0 0 4 9 10 (14.13 25.00 81.52) (0.043 0.076 0.250)
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Equation (6)

. x=(a=h)
BE = —

b For (a-b) <x <a
. la+hl=—x
Sx=

c For a <x <(atc)
Bx=10

For x <(a-b) and x > (a+c)
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Equation (5)

F1=(1,0.5,0,0,0,0,0,0,0,0)

F2=(0.5,1,1,0.5,0,0,0,0,0, 0)
F3=(0,0,0.5,1,1,0.5,0,0,0, 0)
F4=(0,0,0,0,0.5,1,1,0.5, 0, 0)
F5=(0,0,0,0,0,0,0.5,1,1,0.5)

F6=(0,0,0,0,0,0,0,0,0.5,1)
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Fig 3 Graphical explanation for calculation of By in equation (6)
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Table 4 Fuzzy triplets for overall sensory scores of fresh and frozen mulberry juice samples

Sample Triplets for overall sensory scores
Fresh mulberry (57.5641.93 31.41)
Frozen mulberry (72h) (66.07 44.32 30.77)

Frozen mulberry (1 month)
Frozen mulberry (2 month)
Frozen mulberry (6 month)

(84.86 51.25 24.51)
(84.86 51.25 24.51)
(90.08 50.25 15.02)
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Table 6 B, values for fresh and frozen mulberry juice samples

B«

B, values

Fresh
mulberry
Frozen

mulberry 0 0 0.186155 0.411751  0.637347

(72h)
Frozen

mulberry 0 0 0.124704  0.31981  0.514916

(1 month)
Frozen

mulberry 0 0 0.124704  0.31981  0.514916

(2 month)
Frozen

mulberry : : 0.003198  0.202203  0.401208

(6 month)

0 0.123864  0.35988 0.59591  0.831938

1 0.914622 0.618116  0.32161  0.025105

0.862943 1 0.872468  0.547517  0.222566

0.710022  0.905128 1 0.790451  0.382562

0.710022  0.905128 1 0.790451  0.382562

0.600213  0.799218  0.998223 1 0.340463
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Table 6 Final ranking of fresh and frozen mulberry juice samples based on fuzzy score

Scale factors fresh 72 h frozen 1 month frozen 2 month frozen 6 month frozen
mulberry mulberry mulberry mulberry mulberry
Not satisfactory, F1 0.02 0 0 0 0

Fair, F2 0.22 0.11 0.08 0.01 0.03
Satisfactory, F3 0.6 0.45 0.36 0.21 0.27
Good, F4 0.75 0.75 0.68 0.64 0.63
Very good, F5 0.4 0.59 0.7 0.46 0.77
Excellent, F6 0.05 0.14 0.22 0 0.25
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Table 7 Similartity values for color, aroma, taste and mouthfeel in general

Scale factors Color Aroma Taste Mouthfeel
Not important, F1 0 0 0 0
Somewhat important, F2 0.14 0 0 0
Necessary, F3 0.82 0.29 0.007 0.18
important, F4 0.62 0.92 0.35 0.86
Highly important, F5 0.05 0.54 0.91 0.75
Extremely important, F6 0.0 0.02 0.46 0.08
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Fig 5 Acidity of fresh and frozen mulberry juice
samples
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Fig 7 Phenolic contents of fresh and frozen mulberry
juice samples (GAE: Gallic acid equivalent)
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Fig 6 Antioxidant activity of fresh and frozen
mulberry juice samples
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Mulberry is a fruit that has a considerable acceptance among consumers. The short harvest season and
low persistence of this fruit have led to the use of methods such as freezing that have the least effect on
phenolic compounds and antioxidant properties and sensory properties of the mulberry. One of the
problems of sensory evaluation is the non-parametric results of the answers and the low accuracy of their
analysis. Today, methods such as fuzzy logic allow inaccurate parameters to be analyzed by mathematical
methods. In the present study, mulberry was stored in a freezer at -18 °C for six months and removed
from the freezer at 0, 72 h, one month, two months and six months. After juice making, the sensory
evaluation was performed using five-point hedonic method and the data were analyzed using fuzzy logic
methodology, while attributes were color, aroma, taste, and feel mouth. Also, pH, acidity, antioxidant
activity and total phenol content were evaluated. Sensory evaluation of the samples showed that the
freezing of the mulberry increased the overall suitability of the samples in 72 hours and did not show a
decrease in sensory properties during 6 months. Panelists assessed the importance of sensory attributes
including taste, mouthfeel, fragrance, and color, as well. Although, sensory evaluation did not decrease
the sensory of juice, significant decrease of pH (19.83%), increase in acidity (0.31%) and a decrease in
antioxidant activity (about 14%) and phenolic compounds (about 21%) during freezing was observed.
According to the obtained results, freezing can be suggested as an acceptable method for long storage of
mulberry fruit.

Key words: Mulberry, Freezing, Sensory evaluation, Fuzzy logic, Antioxidant.
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