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Proteases Optimization in Oyster and Its Cooking Drip and

Processing and Characterization of Oyster Sauce

Using Maillard Reaction

Tae-hyun Ryu

Department of Food Science and Technology,
Graduate School Pukyong National University,
Busan 608-737, Korea

Abstract

Oyster is called as "milk of sea" for its balanced and abundant
nutritional composition, and also is abundant in taurine, glycogen and
cellenium. Because of its special flavor and taste, it is used for
manufacturing natural sauce. Recently, consumers have more interest in
natural sauce because of their diverse preference and its special taste.

This study tried to investigate optimal condition of Maillard reaction,
hydrolysis, and aging, and to characterize hydrolysate of oyster and oyster
cooking drip for the manufacture of oyster sauce. For the hydrolysis,

Acalase, Flavourzyme, Neutrase, and Protamex were used. The optimal
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conditions for the highest enzyme activity w ere given by their manuals.
Under the best condition of each enzymes, they reacted with the
homogenized oyster and oyster cooking drip for 0.5, 1.0, 1.5, 2, 4, and 6
hours.

The degree of oysters’ hydrolysis was 13.2+0.1%. But, in the case of
using enzyme, hydrolysis degree sharply increased after 2 hours. After 8
hours, hydrolysis degree was 36.9~40.5%. Protamex showed 27.4+0.4% of
hydrolysis degree in 2 hours. The degree of oyster cooking drop
hydrolysis was 42.7+0.1%. The highest hydrolysis degree was 72.1+0.1%
in case of using protamex. In the case of oyster, it had a similar
tendency of all enzymes. Otherwise, the hydrolysate of oyster cooking
drip had a difference among the enzymes.

For the optimization of Maillard reaction condition for manufacturing
natural seasoning using oyster and oyster-cooking drip hydrolysate, it was
judged by browning degree and pyrazine contents which were flavor
components occurred at food process of heat treatment. Hydrolysate and
sugar reacted according primarily to type of sugar - glucose, xylose and
fructose. Xylose was selected as the best sugar of browning reaction. In
the case of sugar contents, the content of 1% xylose was selected as
appropriate condition. According to the reaction with different temperature
from 60 to 120°C, browning degree and pyrazine contents had increased
as temperature went high over 60°C, but at 120C, the reactant produced

nasty smell. As a result, reaction at 100°C was the best condition for the



browning. And in accordance with different reaction time, after 6 hours,
there was no change in pyrazine contents and browning degree. Therefore,
to manufacture natural seasoning source, it was optimal to react oyster
and oyster-cooking drip hydrolysate with xylose for Maillard reaction at
100C for 6 hours with hydrolysate of oyster and oyster cooking drip.
There was standardization of aging using a selected Leuconostoc
mesenteroides and Saccharomyces cerevisiae. It was added to a variety
spice and seasoning based on the aging solution, and then oyster sauce of
prototype 2 was produced. Prototype 2 was evaluated as general
composition and sensory test. Through the sensory test, it was evaluated
the same as commercial oyster sauce. Also, tar color and preservatives
were not detected. It can be a foo product to replace imported oyster

sauce.
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Table 1. Optimal condition for commercial enzymes

Optimal conditions

Enzyme Manufacture Origin
Temp. (C) pH

Alcalase 2.4 L FG 55~70 6.5~85 Bacillus licheniformis

Flavourzyme 500 MG 50 7.0 Aspergillus oryzae
Bacillus

Neutrase 0.8 L 45~55 6.0 3 /
amylolitensquefaciens

Protamex 1.5 MG 40 6.0~7.0 Bacillus sp.
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Frozen oyster

— Thawing at room temperature
— Adding water with same amount sample

— Homogenizing for 90 sec

Homogenate

— Adding enzyme
| Reaction at optimal temperature of

enzymes for different times
(0.5, 1.0, 1.5, 2.0, 4.0, 6.0 hrs)

— Heating in boiling water for 10 min
— Centrifugation (1,000 x g, 20 min)

— Filteration

Oyster enzymatic extracts

Fig. 1. The method for manufacturing of oyster enzymatic extracts.
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Oyster-cooking drip
Oyster hydrolysate hydrolysate + QOyster extract
hydrolysate

Oyster-cooking drip
hydrolysate

Fig. 2. The enzymatic hydrolysate of oyster extract, oyster cooking

drip, and mixture of oyster extract and oyster cooking drip
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Opyster,
oyster—cooking drip

1926 Protamex
(2, 6 hrs)

Enzymatic hydrolysis

Oyster—cooking drip

hydrolysate Oyster hydrolysate

Oyster hydrolysate
+ oyster—cooking
drip hydrolysate

Adding reducing
sugar

Reaction on different
temperature and time

Centrifugation

Filtering

Browning degree
(420 nm)

Pyrazine
(278 nm)

Fig. 3. Flow chart for optimization of Maillard reaction condition.
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Table 2. The conditions for Maillard reaction

Reducing sugar Temperature
. Time (hr)

Type Contents (%) (Cp
Type of glucose,
reducing fructose, 1 100 2
sugar xylose
Sugar

xylose 0.5-10 100 2
contents
Temperature xylose 1 60-120 2
Time xylose 1 100 1-8
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Table 4. Commercial oyster sauce used in the experiment

Abbreviation Full name
LDS Lee kum kee panda oyster sauce
LMS Lee kum kee premium oyster sauce
XMS Xiamen oyster sauce
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Table 5. General composition of oyster and oyster-cooking drip

(g/100 g)
Composition Oyster Oyster cooking drip”
Moisture E20EQFe 62.3+0.2"
Crude b
) ’ 13.1+0.1% 9.7£0.1
Proximate protein
composition  /
Crude lipid 2.5+0.1% 0.3+0.1°
Crude ash 2.0+0.1% 10.7+0.2°
pH 6.35£0.1% 5.87+0.2P
Salinity 0.4+0.1% 10.0+0.3"

U The sample used in this experiment was brix 39°.
? Mean + SD
¥ The same letter in the line are not significantly different at the 5 %

level(p<0.05).
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Table 6. Minerals of oyster and oyster-cooking drip

(mg/100 g)
Mineral Oyster Oyster—cooking drip
Calcium 43.9+6.8"* 69.7+7.1°
Phosphorus 125.3+6.3% 420.5+4.2P
Magnesium 53.3£6.3? 100.4+5.1°
Potassium 279.3+4.2% 489.3+75"
Iron 3.7+0.3 10.940.2°
Zinc iH+ W2 13.5+0.2

U Mean *+ SD

? The same letter in the line are not significantly different at the 5 % level.

(p<0.05)
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Table 7. Heavy metal of oyster and oyster-cooking drip

(ppm)
Components Oyster Oyster cooking drip
Mercury 0.001+0.0003% 0.002+0.001°
Heavy Cadmium ND? ND
metal
(ppm) 1 g ND ND
Chromium ND ND
Y Mean = SD

? The same letter in the line are not significantly different at the 5 %
level(p<0.05).
¥ ND : Not detected
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Table 9. Free amino acid of oyster hydrolysate

1 hr 6 hr

Amino acids mg/100 g g/100 g mg/100 g g/100 g

of sample of FAA of sample of FAA

Aspartic acid 1176 8.2 160.8 10.2
Threonine 4.7 3.8 86.5 5.5
Serrine 57.5 4.0 72.4 4.6
Glutamic acid 172.8 i 2 230.1 14.6
Proline 110.8 7.7 110.8 7.0
Glycine 112.8 7.9 120.4 7.6
Alanine 1174 8.2 105.2 6.7
Cystine 20.4 1.4 174 1.1
Valine 71.5 5.0 .1 4.6
Methionine 45.8 K i 46.8 3.0
Isoleucine 105.7 74 114.8 7.3
Leucine 1274 8.9 120.5 7.6
Tyrosine 40.5 2.8 495 3.1
Phenylalanine 78.4 55 70.8 4.5
Histidine 24.1 1.7 30.1 19
Lysine 90.7 6.3 101.3 6.4
Arginine 38.4 6.2 709 45

Total 1,436.5 100.0 1,580.4 100.0
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Fig. 10. Browning degree according to type of sugar
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reaction respectively.
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Fig. 12. Browning degree and pyrazine contents according to contents
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Fig. 14. Browning degree and pyrazine contents according to reaction
time.

(OD, Oyster cooking drip; OE, Oyster extract; OM, Oyster mixed)

_48_



ol A

1 278 nm

el

(1A Y, 2A13F, 4AA13E, 6413, 8A1ZH) & Maillard
Pz

by

I

4
AP 2 pyrazine®] =% 1}

100Col A 7 A

<
T

7

3|

%
=

il

2~
j."
=

ol

He =

Foz A
Feleh daE T =

7} F7hE ot 247k o] e

1

<
=

°

B o] pyrazine

=

A7 gAZke] A AR

o F7t

o
o

il

o= AHE = 97

= O

3} 2k

e o] pyrazine

I FARSE AFES 7T (Shon et al. 2004).

s

shel et
74

o

kAo 6AIZE o] 5

o

7}
6A17ke] 7HE A

of Hol 2 A%

[}

==

]

S

T

iui
T

ANA F3E7T &

=3
"o

il

ol
ol

=
=5

pyrazine ZA¥ =2 w]
WS ZAS 1%9 xylose® 100Tol Al 8A]7F5¢t vt

o
Q)

g
telzt daEflen, & A7 a7t i

)

=]
=

HES- 2 A2 1%2] xylose® 100T ol

5ol

—_
"o

A5 1%

)
—

A 2]

AT

43

&

F

4-5. AIZ" =2 7t &8 Maillard %F-3E9 #5H7}

xylose® 100C oA 6] 7H5oF

TK
i
3
il
A

7}

<]

%, = o]

%= Maillard

Np

_49_



2 Table 10

o

o}
all

=3
"o

il

74

S E2 control¥ 5% FgFolA] zFol7F gllem 60T o]

o] 74§ controlol W] 3}

ol
ol

A7kl wE AS Table 1161 YERHAT. & A%

o
[e)
s

s

=]
=

o
Q)

gl

0C

)

o] % control
o] A% 60TAA

z'iﬂl- oH

e
T

bol 5% ol 5ol

)

control®l] H]

PN
T
to] s Ho oAt AL 2 A%

<)

123 2 o2 7

9]

Aow ek,

ki3

o 2~
= 5T

o

controlel] H]

PN
T

)

W

ofy

Z

2}

il

-

Rew, = A= Tk

93 wFole

ToR

_Ex_

o

o

W2 Maillard W+

Np

?;51_

oF
o)

oJ
=

7b7t $5% A4 4 ~ 5802, olit
7k Ay E RSl ZARE g

S control¥ 5% FoFFolA 2ol gllem 6 ~ 8A17HY

o
3,

|

5 %

2 3 o

o
X

g

o] 74§ controlo] H]

o] % control

102 eyt =

AL H e

[e]

oA 2kl 7F A

e
i+

oF

g

lske] 5%

o

Aow e,

-GS

3
=

ol A

2 100CelA 2712t

Fopo

= <

ol

T
~Xr

el

i

"o

il

74

<]

Tl =3 = 7]

¢

o 7}

_50_



Table 10. Result of flavor sensory test for product of Maillard reaction

with different reaction temperature

Samples
Oyster-cooking
Oyster-— .
. . Oyster extract drip + Oyster
cooking drip
extract
Control  4.0+0.0V* 4.0£0.0° 4.0+0.0°
60 3.9+0.4% 3.7£0.5° 3.7+0.8"
Reaction
temperature 80 3.70.8% 3.6+0.8" 4.0+0.6™
()
100 3.1+0.7> 4.3+0.8% 4.8+0.9"
120 2.7£0.8° o Lo) 44+1.3%®
Y Mean + SD

? The same letter in the line are not significantly different at the 5 % level
(p<0.05).
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Table 11. Result of flavor sensory test for product of Maillard reaction

with different reaction time

Samples
Oyster Oyster-cooking drip
. i Oyster extract
—-cooking drip + QOyster extract
Control 4.0£0.0° 4.0+0.0" 4.0+0.0"
1 3.8£0.8% 3.8+0.4% 4.2+0.4%
Reaction 2 4.2+0.4* 4.4+0.5% 46+%1.1%
times
(hr) 4 4.0£1.0¢ 3.8+0.8% 3.840.8%
6 2.8+0.8" 3.4+0.9° 3.4+0.5"
8 1.8+0.8° 2.2+0.4° 2.620.5°
Y Mean + SD

? The same letter in the line are not significantly different at the 5 % level

(p<0.05).
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Table 12. Change of pH, acidity, VBN and Amino-N during aging

products of Maillard reaction using oyster hydrolysate

Aging
Day 7 Day 14 Day 21 Day 28
pH 4.9+0.1"2 4.9+0.1° 4.8+0.1° 4.8+0.1°
Acidity (%) 3.3£0.1° 3.3£0.1° 2.9+0.0 2.9+0.1°
VBN(mg%) 5.0£0.1* 4.0+0.0° 3.3£0.1¢ 3.3£0.1¢
Amino-N 489.7+1.2° T 2 2. 667.3+1.2° 713.9+1.2¢

U Mean *+ SD

? The same letter in the line are not significantly different at the 5 % level
(p<0.05).
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Table 13. General composition, pH, salinity and brix of commercial
oyster sauces

Contents
Component
LDS? LMS XMS
Moisture 5b. HeATN 59.5+0.5° 69.2+0.2°
Crude protein 8.4+0.2° 2.6£0.1% 3.54+0.6°
Proximate
composition Crude lipid 0.04+0.0.1% 0.03+0.0.1% 0.04+0.0.12
(g/100g)"
Crude ash 20.32£0.45% 12.14+0.48° 15.02+0.21°

Carbohydrate”  21.05+0.151" 25.73+0.21° 12.20+0.462°

pH 6.19+0.12% 5.97+0.32* 6.23+0.12°
Salinity 9.88+0.61" 11.94+0.55° 9.21+0.57
Brix (°) 48.5+0.5 43.0+0.4 31.6+0.4°

Y The content of carbohydrate was calculated by 100 - (crude protein + lipid
+ ash).
2 LDS, LMS, and XMS mean Lee kum kee panda oyster sauce, Lee kum
kee premium oyster sauce, and Xiamen oyster sauce, respectively.
Y Mean + SD

Y The same letter in the line are not significantly different at the 5 % level.

(p<0.05)
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Table 14. Viscosity of commercial oyster sauces

Samples"”
LDS LMS XMS
Viscosity (cP) 4160+£2209 4340+10° 1820+15°

V' LDS, LMS, and XMS mean Lee kum kee panda oyster sauce, Lee kum kee
premium oyster sauce, and Xiamen oyster sauce, respectively.

? Mean = SD

¥ The same letter in the line are not significantly different at the 5 % level.

(p<0.05)
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Fig. 15. Changes of shear stress of commercial oyster sauce cooked at

different temperature. (LDS means Lee kum kee panda oyster
sauce)
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Fig. 16. Changes of shear stress of commercial oyster sauce cooked at

different temperature. (LMS means Lee kum kee premium oyster

sauce)
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Fig. 17. Changes of shear stress of commercial oyster sauce cooked at

different temperature. (XMS means Xiamen oyster sauce)
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Table 15. Heavy metal contents, water activity and bacterial quality of

commercial oyster sauces

Contents (mg/kg)

Component
LDSY LMS XMS
Mercury ND ND ND
Heavy metals Cadmium ND ND ND
(mg/kg) Lead ND ND ND
Chromium ND ND ND
Aw 0.8228+0.00127"  0.8214+0.002* 0.891:+0.0045°
Bacterial Quality ND ND 1.4x10° CFU/g

V' LDS, LMS, and XMS mean Lee kum kee panda oyster sauce, Lee kum kee
premium oyster sauce, and Xiamen oyster sauce, respectively.

? Mean = SD

¥ The same letter in the line are not significantly different at the 5 % level.

(p<0.05)
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Table 16. Free amino acid (FAA) contents of commercial oyster sauces

(mg/100 mL)

Amino acids LDSY LMS XMS
Taurine 1591 (1.98) 57.85 (4.77) 82.82 (7.37)
Phosphoethanolamone  2.85 (0.35) 3.27 (0.27) ND
Aspartic acid ND? 0.60 (0.05) 12.31 (1.10)
Hydroxyproline ND ND 10.76 (0.96)
Threonine ND ND 5.65 (0.50)
Serine ND 1.28 (0.11) 11.24 (1.00)
Glutamic acid 76791 (95.45) 1092.86 (90.03) 902.94 (80.38)
Sarcosine 3.5 (0.44) ND 3.87 (0.34)
Glycine 9.14 (1.14) 23.38 (1.93) 27.55(2.45)
Alanine 5.21 (0.65) 21.19 (1.75) 24.33 (2.17)
Citrulline ND ND 2.86 (0.25)
Valine ND ND 8.77 (0.78)
Isoleucine ND ND 3.90 (0.35)
Leucine ND ND 14.21 (1.26)
Phenylalanine ND ND 2.96 (0.26)
B _ammgéisgbutym ND ND 1.39 (0.12)
y—aminobutyric acid ND 13.1 (1.08) ND
Ethanolamine ND 0.36 (0.03) ND
Lysine ND ND 7.77 (0.69)
Total 804.52 (100.00)  1213.89 (100.00) 1123.33 (100.00)

D LDS, LMS, and XMS mean Lee kum kee panda oyster sauce, Lee kum

kee premium oyster sauce, and Xiamen oyster sauce, respectively.

? ND means not detected.
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Table 17. Taste values of commercial oyster sauces

Taste threshold Commercial oyster sauces”
AMINO 88 (/100 mL) LDS LMS XMS
Aspartic acid 3 - 0.20 4.10
Threonine 260 - - 0.02
Glutamic acid 5 153.58 21857 180.59
Glycine 130 0.07 0.18 0.21
Alanine 60 0.09 0.35 0.41
Valine 140 — X 0.06
Isoleucine 90 = = 0.04
Leucine 190 = = 0.07
Phenylalanine 90 - - 0.03
Lysine 50 - - 0.16
Total 153.74 219.31 185.70

U The data were quoted from Kato et al.
2 1DS, LMS, and XMS mean Lee kum kee panda oyster sauce, Lee kum

kee premium oyster sauce, and Xiamen oyster sauce, respectively.

_68_



ol ;=2 A EA <l strecker aldehydeZS zH:=

A¥= Fig 199 Yetdglen Ay #2412 Table 18, 19, 2022 X A3} Th.
Table 18] we} LDS9] A ofl oA veldntel o] 1659 748
o] A=HAth LDSY F8 F7|Ad+TS  acetaldehyde, acetone, tris
(trimethylsilyl) borate sol%lem, 1 #3X+ aldehyde® 3&, ketoned 2%
furan¥ 1, aliphatic hydrocarbon++ 1, aromatic hydrocarbon¥ 2%, acid+F 1
T 2 78 635 U 5 AT FEE A ¥ &S ketoneT 7t 314%E

7]_ =} w-

[e] =)

Ao g YEeEl o™ 1 F acetone w0 206%%E I =L Fow

rlo

Uetstou WAlE A 4 2l HA XS] odor threshold7t 422 o]E} th
2 A E9] odor threshold (acetaldehyde : 0.0015, furan : 9.9, propanal, 2-methyl
: 0.00035, 2-Butanone : 0.44, hexane : 1.5, benzene : 2.7, toluene : 0.33, decanal
0 0.0004)el Hlske]l 1 AR 7F FE8] ol acetone®] FEFol WA= o o
o] Aol Hlete] AA FEHAA Fodet AT acetone 7HE
3 ketoneo 2 F7)7F = e gAolH 23 4 EQ] olaTzEdRES
APshAl o A H T

LMS®] 74 of&] Table 19914 webxintel o] 14F-9] 7] Lol HEH A

o I B X &= aldehydeR 2%, ketoni 3F, furan® 1%, alcoholi 1%, sulfur

il

_69_



(A)

i

— i = —— . .
wan oih
li 4 ] . i g 3 k H‘_Jrl‘-ﬁ‘_‘_ il T
1 =i o P E= =0
FT.

© |

“‘ML"AJL_"""

oo ) 300 400 oy 550

Fig. 19. Gas chromatogram of commercial oyster sauces

_70_



Table 18. Volatile compounds identified of Lee kum kee panda oyster

sauce

Substance (51;) Area ?;Oe)a

Acetaldehyde 3.278 717282 8.0
Acetone 4.247 1844066 20.6
Furan 4.547 576303 6.4
Propanal, 2-methyl 5.685 289545 3.2
2-Butanone 6.865 312616 3.5
Hexane 7.880 317821 3.6
Benzene 10.893 369840 4.1
Toluene 16.473 281734 3.1
Decanal 35.152 198829 2.2
Dodecanoic acid 46.497 261502 2.9
Phenol, 4-(1,1,3,3~tetramethylbutyl) 50.522 214282 2.4
if—Diphenyl—ZH—l,2,4—triazoline—3—thio 59 469 654155 73
Total 8946249 100
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Table 19. Volatile compounds identified of Lee kum kee premium oyster

sauce
Compounds Name (51;) Area /?g/ff
Acetaldehyde 3.278 1022165 8.9
Ethanol 3.858 3880954 33.8
Acetone 4.253 1295938 11.3
Furan 4.553 422377 3.7
Dimethyl sulfide 4.923 880451 7.7
2-Methyl propanal, 5.688 690912 6.0
Hexane 7.887 516741 4.5
3-Methyl butanal Q@975 541334 47
2-Methyl butanal 10.670 595308 5.2
Benzene 10.902 241406 2.1
Toluene 16.480 213662 19
Total 11478571 100.0
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Table 20. Volatile compounds identified of Xiamen oyster sauce

Compounds Name (IiriIr\l) Area ?;f)a
Acetaldehyde 3.268 517301 5.6
Ethanol 3.838 186765 2.0
Acetone 4810 4167859 45.5
Furan 4.500 745951 8.1
Dimethyl sulfide 4.862 326003 3.6
2-Methyl propanal 5.608 146924 16
2-Butanone 6.762 591697 6.5
Benzene 10.733 256224 2.8
Toluene 16.333 175973 19
2,5-Dimethyl pyrazine, 21.373 918441 10.0
Total 9167277 100.0
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Table 21. Results of sensory test of prototype 1

Pattern Base Salt Sugar eizlrlll S;ggn
1 +-0 35 10 11.5 4
2 0++ 30 15 14 3
3 000 30 iAo 11.5 4
4 - -0 % 10 ol 15 3
5) 000 30 125 15 5}
6 —Qf 23 125 14 3
7 0+ 30 15 9 2
8 0- 30 10 9 4
9 ++0 B> 15 115 1
10 000 30 1025 115 5
11 +0+ 35 125 14 4
12 +0- 35 125 3
13 -0- 25 2.5 3
14 —+ 30 10 14 3
15 -+0 25 15 11.5 2
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Table 22. The composition of prototype 1

Raw material Mixing ratio (%)
Oyster aging drip (brix 40) 11.1
Oyster—cooking drip (brix 38) 55
Salt i
Sugar 0.2
IMP 0.2
GMP §.7
MSG 3.3
Fermented soy sauce 2.8
Wheat flour 21.1
Purified water s ]/
low sweet sugar 19.9
Total 100.0
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Table 23. Results fo sensory test of prototype 2

Pattern Base Salt Sugar eizlrll,l Seilizn
1 +-0 45 1 115 3
2 +0+ 45 2 15 2
3 000 42.5 2 11.5 4
4 0+- 42.5 3 8 2
5) -+0 40 3 1.4 1
6 0++ 42.5 3 15 3
7 - @5 1 15 4
8 O=m @ 5 1 8 2
9 000 i, 5] ) 115 5
10 ++0 45 S 115 3
11 -0- 40 2 3 2
12 -0 40 1 11.5 4
13 +0- 45 2 8 3
14 000 42.5 2 11.5 4
15 -0+ 40 2 15 2
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Fig. 23. Viscosity changes relation to viscometer speed(RPM) and
concentration of acetylated distarch adipate.

(LDS means Lee kum kee panda oyster sauce.)
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Fig. 24. Viscosity changes relation to viscometer speed(RPM) and ratio
of acetylated distarch adipate and flour.

(LDS means Lee kum kee panda oyster sauce.)
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Table 24. The composition of prototype 2

Raw material 10026 Mixing ratio (g)
Oyster—aging drip (brix 40) 2
Oyster—cooking drip (brix 38) 229
Salt 8
MSG 54
Wheat flour 4.5
Cararmel 0.55
Acetylated starch Adipate 2
Black sugar 20
I+G 0.16
water 34.49
Total 100
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Fig. 25. The result of sensory test for prototype 2 compared with

commercial oyster sauce.
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Table 25. The result of sensory test for prototype 1 and prototype 2

Classification 1% sample 2" sample comparison

Taste 3.0+0.21%2) 37+0.3" Clear and refre_shing taste
compared to the first.

Flavor 31+0.1% 35+0.1" Weak soy sauce flavor and
strong oyster flavor

Color 2.8+0.2% 4.1+0.3° Dark brown

Viscosity 2.9+0.1% 3.840.4 Highly viscous
Y Mean + SD

? The same letter in the line are not significantly different at the 5 % level

(p<0.05).
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Table 26. General composition of prototype 2

) Result 9% Nutrient Daily nutrition
Test items per 100 g o
(/100 g) reference values criteria
Calorie
218.2 218 - -
(kcal)
Carbohydrate
46.6 46 14% 328
(g/100g)
Sugar
19.9 19 ~ -
(g/100g)
Protein (g/100g) 7.6 7 13% 60
Fat
0.2 0 0% 50
(g/100g)
Saturated fat
0.2 0 1% 15
(g/100g)
Trans fat
0 0 - -
(g/100g)
Cholesterol
0 0 0% 300
(mg/100g)
Sodium
3850.0 3850 193% 2000
(mg/100g)
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Table 27. Tar color and preservative of prototype 2

Test items Result

Tar color NDV
Preservative (p—-Hydroxybenzoate) (g/kg) ND
Preservative (Extra-dissipative) (g/kg) ND

U ND means not detected.
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Table 28. The Mineral contents of prototype 2

Test items
Calcium Magnesium  Iron Zinc Phosphorus Potassium
Result
296.4 1166 5.0 4.5 105.2 1255
(mg/100g)
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Table 29. The amino acid composition of prototype 2

Amino acid Free amino acid
Test items Result (g/100g) Test items Result (g/100g)

Aspartic acid 0.2318 Taurine 0.3122
Treonine 0.1082 Threonine 0.0397
Serine 0.1030 Serine 0.0246
Glutamic acid 4.1346 Glutamic acid 2.107
Glycine 0.2088 Glycine 0.0801
Alanine 0.1812 Alanine 0.1061
Cystine 0.0556 Valine 0.0327
Valine 0.1373 Methionine 0.0209
Methionine 0.0571 Isoleucine 0.0286
Isoleucine 0.0864 Leucine 0.0638
Leucine 0.1630 Tyrosine 0.0189
Tyrosine 0.0328 Beta—alanine 0.0320
Phenylalanine 0.1022 Phenylalanine 0.0279
Histidine 0.0685 Ammonium chloride 0.0399
Lysine 0.1680 Lysine 0.0498
Ammonium chloride 0.2212 Histidine 0.0125
Arginine 0.0653

Total 6.1250 Total 2.9967
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