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Abstract

The objective of this study was to investigate the sensory quality attributes for the development of soy sauce containing
Hutgae(Hovenia dulcis Thunb). Aqueous extracts of Hutgae were prepared from different parts such as trunk, twig, and
fruit. These extracts were used for determining the antioxidant effect by 2,2-diphenyl-1-picrylhydrazyl(DPPH) radical scavenging
activity and sensory evaluation. Hutgae twig and fruit extracts had a strong DPPH scavenging effect compared to Hutgae
trunk extract. In sensory analysis, high intensities of roast smell, bitter taste, and astringent taste were observed in Hutgae
twig extract, whereas those of sweet smell and sweet taste were predominated within Hutgae fruit extract. Hutgae trunk
and fruit extracts obtained higher overall acceptability. Various seasoning items such as anchovy, dried-pollack, katsuobushi,
shiitake, radish, and kelp were used to determine the suitable type of soy sauce containing Hutgae extracts regarding the
different parts. Hutgae fruit and trunk extracts were evaluated for use as a good source of seasoned soy sauce, and the
dried-pollack and radish among the seasoning items were well-matched with Hutgae extracts. From these results, soy sauce
containing Hutgae trunk and fruit extracts added to dried-pollack soup may be used as a functional seasoning in order to
remove hangovers.
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Table 1. Formulation ratio of soy sauce mixture with the
aqueous extract obtained from the different parts of Hutgae

Aqueous Hutgae

Formulation extract Soy sauce Water
Mix 1" 1 1 8
Mix 2 2 2 6
Mix 3 2 3 5
Mix 4 5 1 4

D Soy sauce mixture.
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Table 2. DPPH radical scavenging activity of Hutgae
extract

Freeze dried extract

Aqueous extract

SCso(m Jé)l) SCso Conversion 2()) ml
(mg) SCso(ml)
Trunk”  0.150£0.020  2.272+0.387 0.189
Twig 0.072+0.007" 1.298+0.154 0.072
Fruit 0.067+0.005" 3.066£0.270 0.087
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Table 3. Sensory evaluation of the aqueous extract obtained
from the different parts of Hutgae

Attributes" Trunk” Twig Fruit
Sweet 2.0 23" 4.0°
Roast 2.3 2.7 1.9
Smell ] b Y b
Stinky 1.7 1.3 24
Chinese medicine 1.7 2.4 34
Bitter L6 49 L7
Sweet 23° LO° 41
Tast Sour 1.7 1.9 2.1
aste
Astringent 1.7 46 1.6°
Salt 1.6 1.7 14
Pungent 1.3 1.7 1.1
Overall preference 3.4 L.0° 3.3

" Sensory properties were evaluated by a scoring test using a 5-
point scale with scores from 1 to 5. The strongest properties were
assigned as S5-points, and the weakest properties were 1-point.

? Values are expressed as mean (n=12).

? Values with different superscripts within the same row are signi-
ficantly difference at p<0.05.

Table 4. Saccharinity of Hutgae aqueous extract

Y SCso: Scavenging concentration, each extract concentration required
to inhibit radical formation by 50%.

% Values are expressed as meantS.D(n=3).

? Values with different superscripts within the same column are
significantly difference at p<0.05.

9 Freeze-dried extract yield of Trunk, twig, and fruit was 83.2 xg/
ml, 552 pg/ml, and 28.4 pg/ml, respectively.

Hutgae Saccharinity
aqueous extract (Brix %)
Trunk” 1.240.0
Twig 1.240.1
Fruit 4.840.1

" Values are expressed as mean+S.D.(n=3).
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Fig. 1. Sensory profiles of the aqueous extract obtained
from the different parts of Hutgae by the quantitative
descriptive analysis(QDA).
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Table S. Sensory evaluation of soy sauce mixture with the aqueous extract obtained from the different parts of Hutgae

Smell? Taste
Aqueous . Chi Overall
extract Sweet  Roast  Stinky me;l;iz Bitter ~ Sweet ~ Sour  Fishy Astringent Salt  Pungent preference
1 23 2.7 L1 13 1.5 33 15 1.5 1.4 24> 1.1 32
e 220 2.4 19° 15 1.5 2.6 2.0 15 1.6 3.3% 1.1 3.1
3 26 25 2.6° 1.8 2.1 24 2.5 1.7 1.8 44 14 25
4 23 2.8 1.7 32 1.9 2.5 14 2.0 1.2 1.7 1.1 22
1 27 24 1.2 1.7° 1.2° 25 1.7 1.7 1.1 23 1.0 2.7
T 2 23 2.0 23" 2.5° 1.9* 23 2.0 23 1.9 3.8 1.2 2.5%
w1
& 3 20 23 23" 23° 2.0° 29 23 22 1.7 43 1.6 1.6
4 20 22 1.6% 3.5° 1.5° 1.9 1.4 2.1 1.9 1.9 1.2 2.2%®
1 24 2.5 1.3° 1.6° 1.3 2.7 1.3° 14 1.2 2.4° 1.0 2.9
Fruit 2 22 2.1 2.6" 23° 2.0 25 2.0" 1.7 1.6 3.8 1.1 2.7
Tul
3 22 23 2.5° 1.7 2.1 2.5 2.5° 1.6 15 a4 14 2.6
4 20 2.1 23%® 3.6° 1.8 29 1.4° 19 1.4 1.6 1.1 2.0

D Soy sauce mixture was mentioned above(Table 1).
2 Sensory properties were evaluated by a scoring test using a 5-point scale with scores from 1 to 5. The strongest properties were assigned

as 5-points, and the weakest properties were 1-point. * Values are expressed as mean (n=12).

9 Values with different superscripts within the same column are significantly difference at p<0.05.
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Table 6. Sensory evaluation of Hutgae-soy sauce added to the extract of single food item
Hutgae-soy Extract of Smell” Tasty Overall
sauce” single food item Roast Fishy Offensive Roast Fresh Umami Fishy  preference

Anchovy 4.2 49" 3.4% 42 4.0 4.6 43 4.1
Dried-pollack 48 3.6 2.4 3.6 32 4.7 4.0° 4.7

T Katsuobushi 48 32° 2.7° 35 4.1% 4.7 3.5 5.0
Shiitake 3.2 34° 2.9 3.7 44" 4.6 32 4.8
Radish 3.2 3.0° 3.9° 35 3.9 44 2.5° 4.0
Kelp 2.6° 4.1* 37 47 4.8 53 2.9% 4.6
Anchovy 3.7° 46 35 48 3.8% 4.7 39 5.4
Dried-pollack 4.4 3.1% 2.9 43 3.5 45 3.7 44

. Katsuobushi 49" 38" 32 4.1 4.4™ 4.8 32 47

Twig .. ab abe b a
Shiitake 35 35 33 42 37 43 36 45
Radish 3.5 29 35 41 49" 4.9 22 52
Kelp 2.5 45" 44 38 37 4.8 36° 45
Anchovy 4.1% 45 33 4.1 4.1 52° 42 46
Dried-pollack 43" 37 3.0 4.7 37 46" 37 52

_ Katsuobushi 4.8 39 29 43 49 48" 36 55

Fruit Shiitake 3.5% 34 34 43 45 45 33 47
Radish 3.5% 3.0 33 43 44 47 3.0 47
Kelp 3.0° 43 35 44 46 5.8 30 55

" Hutgae-soy sauce was prepared following the formulation Mix 1(Hutgae extract : soy sauce : food item extract= 1:1:8).
? Sensory properties were evaluated by a scoring test using a 7-point scale with scores from 1 to 7. The strongest properties were assigned

as 7-points, and the weakest properties were 1-point. Y

Values are expressed as mean (n=12).

9 Values with different superscripts within the same column are significantly difference at p<0.05.
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Table 7. Sensory evaluation of Hutgae-soy sauce added to the extract of multi-food items

P

Hutgae-soy Mixture of Smel Tasty Overall
Sauce”  food item extract”  Roast Fishy Offensive Roast Fresh Umami Fishy  preference
Fl 3.8% 47 42 5.0 48 48 4.1 42°
) 5.8 5.0 33 55 49 5.1 4.0 50®
Trunk”
F3 3.7 47 3.8 49 41 48 45 49™
F4 4.0% 5.1 44 5.0 48 5.5 37 57
Fl 42 45 3.9 5.1 43 5.0 47 45
F2 47 41 2.5° 43 44 45 42 44
Twig
F3 37 48 44 3.8 39 42 4.6 39
F4 42 45 44 45 44 47 41 47
F1 4.0 40™ 3.6 47 43 44 4.6 42
F2 4.6 49" 34 47 43 41 44 43
Fruit .
F3 42 46" 42 45 4.0 47 4.6 39
F4 3.6 3.7 4.0 49 5.0 52 3.6 5.1

" Hutgae-soy sauce was prepared following the formulation Mix 1 (Hutgae extract : soy sauce : mixture of food item extract=1:1:8).
? F1: anchovy, kelp, and radish; F2; dried-pollack and radish; F3: katsuobushi, anchovy, and kelp; F4: shiitake, kelp, and dried-shrimp
3 Sensory properties were evaluated by a scoring test using a 7-point scale with scores from 1 to 7. The strongest properties were assigned

as 7-points, and the weakest properties were 1-point. K

Values are expressed as mean (n=12).

% Values with different superscripts within the same column are significantly difference at p<0.05.
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Table 8. Comparison of the seasoned soup soy sauce containing Hutgae trunk extract with the general kinds of soup

soy sauce
Smell” Tasty Overall
Roast Offensive Roast Fresh Umami Fishy Preference
Seasoned soup soy sauce containing 45 3.5 4.6 50 50 33 52
Hutgae trunk extract
General kinds of soup soy sauce 44 3.8 4.6 49 5.2 33 5.0

Y Values are expressed as mean (n=12).

% Sensory properties were evaluated by a scoring test using a 7-point scale with scores from 1 to 7. The strongest properties were assigned

as 7-points, and the weakest properties were 1-point.
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