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This study examined ways to improve the functional properties of commercial soy sauce using gelatin
hydrolysates from the refiner discharge of Alaska pollock, Theragra chalcogramma. The total nitrogen
content and pH of gelatin sauce prepared by dissolving the second-step gelatin hydrolysates (15 g), salt
(20 g), sugar (5 g), glucose (2.5 g), inosine monophosphate (IMP) (0.5 g), black pepper (0.1 g), caramel
powder (0.1 g), ginger powder (0.05 g), garlic powder (0.05 g), vinegar (3 mL), and fructose (3 mL)
in water(100 mL) were 1.71% and 5.35, respectively. The results of a sensory evaluation indicated that
when preparing blended soy sauce, the optimal blending ratio of gelatin sauce to commercial soy sauce
was 20:80 (v/v). Because the total nitrogen content and pH of the blended soy sauce were 1.52% and
5.31, respectively, the blended soy sauce could be sold as a soy sauce. The oxidative property of the
blended soy sauce was similar to that of 20 mM ascorbic acid, and its angiotensin-converting enzyme
(ACE) -inhibiting activity was 1.5 mg/mL. The results suggest that the antioxidative and ACE-inhibiting
activities of commercial soy sauce can be improved by blending gelatin sauce (20) with commercial soy
sauce (80). The total amino acid content of the blended soy sauce was 9,107.3 mg/mL, which was higher
than that (8,992.4 mg/100 mL) of commercial soy sauce. However, the taste value of the blended soy
sauce was 415.8, which was lower than that (431.2) of commercial soy sauce.
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Table 1. Proximate composition, pH, salinity and browning
index of gelatin sauces with gelatin hydrolysate

Proximate composition (%) Salinity Browning

pH o index"
Moisture Protein Lipid  Ash (%) (430 nm)
71.9+43.0 10.9+0.3 0.3+0.2 16.5+0.0 5.35 13.4 0.884

UThis sample was diluted to 5 times.
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Fig. 1. Oxidative property of gelatin sauce with two-step
gelatin hydrolysate from Alaska pollock refiner discharge.
The control is defined where no gelatin hydrolysate is added
in the antioxidative activity test.
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Table 2. Results of sensory evaluation on the taste, odor
and color of blended soy sauce as affected by different
blending rate of gelatin sauce to commercial fermented soy
sauce

Blending ratio (gelatin sauce:commercial soy sauce)

ltem
0:100 5:95 10:90 15:85 20:80 30:70

Taste 5.0£0.0%" 5.1+0.3° 4.9+0.6° 4.8+0.6° 4.9+0.7% 4.9+0.7°
Odor 5.0+0.0° 4.9+0.3° 4.8+0.4° 4.7+0.7° 4.7+0.7° 3.9+0.6°

Color 5.0£0.0° 5.0+0.0° 4.8+0.4° 4.6:0.5° 4.6+0.5° 3.9:0.6°

Means with different letters within the same row are
significantly different (P<0.05).
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Table 3. Proximate composition, pH, salinity and browning
index of commercial soy sauce and blended soy sauce

Proximate composition (%) Salinit Brownlng
Soy sauce” pH a(‘(:/n)' Y index?
Moisture Protein Lipid  Ash ° (430 nm)
Blended 796417 95:02 126410 168412 531 150 1468
sauce
Commercial 75 7,0 1 93104 14405 165103 529 155  1.740
sauce

YBlended soy sauce: blended soy sauce was prepared by
blending gelatin sauces to commercial soy sauce.

IThis sample was diluted to 20 times.

WA G (FAL ), AW I 2GR Fe £
ZFo] Z42; 72.0%, 9.5% (1.52%), 12% L 16.8%= A3 773
27} 72.7%, 9.3% (1.49%), 1.4% 2 16.5%°] B3t 5%
ool A ZFol7t glith b4 o & KFDA 114 (Ji-Gu
Publishing Co., 2001)°1 4 &AEs 114 449 A9
0.8% ©|%, pHOl 7% 4.0-5.5 M| olojof ghr}ar 14 ¥ of
Ao}, wepA B Ag o] Avlel KFDA 74 (Ji-Gu Publishing
Co., 2001)o.2 w|Fo] Bol & AA &3 -9 2§ pH
R FAL HoM = EA7F fleeet ddE A

Jo 12 Fi e

mZ%LA 1.865% gio]m_, Al 7Hg2] 09039 H] &}
240 vo} AakaAlo] 21443
mM ascorbic acid9} F+AFgF o
A gVl vlste] B3 qHgol b
FHU5el Agtel VME8]E =, Pronase® 2A|7F 7R g
& A% 4 O =2 Flavourzyme & 2 2A|7F 7h 3l ¢ 7F &
&2 a0l 81.5%= -5 (Heu et al., 2009)3}% 7]
wolgt AAE Sl 9, Cheigh et al. (1993a; 1993b)-
Al 7He] kst EAdoll diste] 2Abe A3 Al 319

;Ta
o &
29
©
)

1

d

d

l‘

e



o

Yol vl e fe Aehe bR

Ahe g o] I HAAL, o] 8] FAELS Maillard ¥HE- 0%
4 melanoidin related products (MRPs)Z 1.3l
b ATt o] e Qj}i u|Fo] Hol Al¥ 7hgel Antel
% o B LS RS T S 9o

= =

2.0
Control

g —1— 20 mM L-ascorbic acid
o 15[ —A— Commercial soy sauce
8 —A— Blended sauce
®
3 10
c
®
o
=
o]
& o5
<

0.0

0 1 2 3 4 5 6
Incubation period (day)

Fig. 2. Oxidative property of commercial soy sauce and

blended soy sauce.

"The blended soy sauce is defined as a blended soy sauce
prepared by blending gelatin sauces to commercial soy sauce.
The control is defined where no gelatin hydrolysate is added
in the antioxidative activity test.
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Fig. 3. Angiotensin- I converting enzyme (ACE) inhibitory

activities of commercial soy sauce and blended soy sauce.
"The blended soy sauce is defined as a blended soy sauce
prepared by blending gelatin sauces to commercial soy sauce.

“Different letters on the bars indicate a significant difference
at P<0.05.
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Table 4. Free amino acid composition of gelatin sauce,

blended soy sauce and commercial soy sauce
(mg/100 mL)

Soy sauce
Amino acid Gelatin sauce Blended Commercial
soy sauce SOy sauce

Aspartic acid 2815 (4.1)" 463.9 (8.3) 495.0 (9.4)
Hydroxyproline 391.4 (5.7) 61.5 (1.1) 2
Threonine 226.6 (3.3) 2459 (4.4) 246.5 (4.7)
Serine 398.3 (5.8) 313.0 (5.6) 287.1 (5.5)
Glutamic acid 734.7 (10.7) 1073.0 (19.2) 1115.6 (21.3)
Proline 824.0 (12.0) 469.4 (8.4) 376.3 (7.2)
Glycine 1304.6 (19.0) 391.2 (7.0) 214.9 (4.1)
Alanine 927.0 (13.5) 363.3 (6.5) 252.4 (4.8)
Cysteine - 39.1 (0.7) 594 (1.1)
Valine 151.1 (2.2) 262.7 (4.7) 277.0 (5.3)
Methionine 48.1 (0.7) 89.4 (1.6) 94.5 (1.8)
Isoleucine 137.3 (2.0) 2459 (4.4) 264.3 (5.0)
Leucine 226.6 (3.3) 329.7 (5.9) 345.2 (6.6)
Tyrosine 20.6 (0.3) 100.6 (1.8) 114.6 (2.2)
Phenylalanine 199.1 (2.9) 307.4 (5.5) 330.0 (6.3)
Hydroxylysine 54.9 (0.8) 11.2 (0.2) -
Histidine 109.9 (1.6) 128.5 (2.3) 136.0 (2.6)
Lysine 281.5 (4.1) 352.1 (6.3) 359.4 (6.9)
Arginine 556.2 (8.1) 340.9 (6.1) 275.2 (5.2)

Total 6873.3 (100) 5588.6 (100) 5343.4 (100)

UThe values in the parenthesis means percent ratio of free

amino acid.
2)

- . not detected.
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Table 5. Taste values of gelatin sauce, blended soy sauce
and commercial soy sauce
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Table 6. Total amino acid composition of gelatin sauce,
blended soy and sauce commercial soy sauce
(mg/100 mL)

Taste , Soy sauce
Amino acid threshold” Gelatin Blended Commercial
(9/100 mL) sauce SOy sauce SOy sauce
Aspartic acid 0.003 93.8 154.6 165.0
Hydroxyproline - - - -
Threonine 0.26 0.9 0.9 0.9
Serine 0.15 2.7 2.1 1.9
Glutamic acid 0.005 146.9 214.6 2231
Proline 0.3 2.7 1.6 1.3
Glycine 0.13 10.0 3.0 1.7
Alanine 0.06 15.4 6.1 4.2
Cysteine - - - -
Valine 0.14 1.1 1.9 2.0
Methionine 0.03 1.6 3.0 3.2
Isoleucine 0.09 1.5 2.7 2.9
Leucine 0.19 1.2 1.7 1.8
Tyrosine - - - -
Phenylalanine 0.09 2.2 3.4 3.7
Hydroxylysine - - - -
Histidine 0.02 5.5 6.4 6.8
Lysine 0.05 5.6 7.0 7.2
Arginine 0.05 11.1 6.8 5.5
Total 302.2 415.8 431.2

"The data were quoted from Kato et al. (1989).
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Soy sauce
Amino acid Gelatin sauce  Blended Commercial
soy sauce soy sauce

Aspartic acid 381.2 (3.9)" 765.0 (8.4) 856.2 (9.5)
Hydroxyproline 762.4 (7.8) 136.4 (1.5) -2)
Threonine 322.6 (3.3) 400.7 (4.4) 426.7 (4.7)
Serine 459.4 (4.7) 455.4 (5.0) 454.7 (5.1)
Glutamic acid 1114.3 (11.4) 1712.2 (18.8)  1853.4 (20.6)
Proline 1075.2 (11.0) 801.4 (8.8) 733.7 (8.2)
Glycine 2003.7 (20.5) 683.0 (7.5) 3741 (4.2)
Alanine 1055.6 (10.8) 555.5 (6.1) 4441 (4.9)
Cystein - 45.5 (0.5) 81.0 (0.9)
Valine 263.9 (2.7) 437.2 (4.8) 489.9 (5.4)
Methionine 1955 (2.0) 127.5 (1.4) 119.1 (1.3)
Isoleucine 185.7 (1.9) 400.7 (4.4) 459.5 (5.1)
Leucine 312.8 (3.2) 555.5 (6.1) 593.0 (6.6)
Tyrosine 19.5 (0.2) 109.3 (1.2) 132.5 (1.5)
Phenylalanine 234.6 (2.4) 496.4(5.5) 583.6 (6.5)
Hydroxylysine 58.6 (0.6) 9.1 (0.1) -
Histidine 88.0 (0.9) 227.7 (2.5) 267.3 (3.0)
Lysine 430.1 (4.4) 587.5 (6.5) 643.2 (7.2)
Arginine 801.5 (8.2) 592.0 (6.5) 480.4 (5.3)

Total 9764.5 (100) 9098.2 (100) 8,992.4(100.0)

UThe values in the parenthesis means the percent of each
amino acid content to total amino acid content.

D_ . not detected.
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