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Background 5

Pressure [Mpal]

Subcritical water

v Water above saturated vapor pressure
v/ Low cost, non-toxic, non-flammable, non-explosive

v/ High ionic product of water, with acid catalytic effect
10

Supercritical water

Subcritical water

Critical point

Three priorities
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Subcritical water liguefaction of vinegar productio
residues and their acetic acid fermentation for the
development of new vinegar

Daigo Murakami Shoji Hirayama Yuriko Hoshiné

Munehiro Hoshiné 3 Mitsuru Sasak ©

1Graduate School of Science and Technology, Kumamoto University, JMmmboshi Vinegar Co. Ltd., Fukuoka.
3M&A Food Technology and Biology of Technical Center (M.A.F.T), JapBaculty of Advanced Science
and Technology, Kumamoto University Japanstitute of Industrial Nanomaterials, Kumamoto University Japan.
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Background

Rice bran and sake lees, which are disposed of in the vinegar production process

Rice-plant

Rice

\ /o~ “w. " | polishing

Abandonment

White and Sweet sake
brown rice

Sacchari
fication

Subcritical water treatment

3t/ yeari_j‘_j;; g
High protein p\ Additives for
High Mineral r Vinegar —\

Grain vinegar
-\ -

: High amino acid
High Mineral

. J

Acidification Acetic acid bacteria feed

12

Unrefined sake

Alcohol
fermentation

DSqueezing

High protein
High Mineral

Alcohol
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Background

Sake lees Ricebran |
Kol
Sake lees Component [g] Rice bran Component [g]
Moisture 51.1 Moisture 10.3
Protein 14.9 Protein 13.4
Lipid 1.5 Lipid 19.6
Carbohydrates 29 Carbohydrates 48.8
Mineral content 3.5 Mineral content 7.9

Previous Research

~Sake lees~

Processing temperature : 120~380
Processing time : 30~360min
Liquefaction rate : 41~60%

> The temperature range around 120°C was
a good condition.

> Liguefaction rate is low.

~Rice bran~

Processing temperature : 120~380
Processing time : 30~360min

Liquefaction rate : 67%

> Cannot decompose at low temperatures.
> Requires processing at high temperatures.

3) SCEJ 52rd Autumn Meeting
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Background

~Subcritical water treatment for Sake lees3) ~

Liquefaction rate : 44% (120S240)

Liquefied sake lees [ppm]
Temperaturg Reaction time| Amino acid conc. P K Ca Mg
[°C] [min] [ppm] lepm] | [pPm] | [ppm] | [pPmM]
120 240 8125 113 127 21 26

Optimal conditions for sake lees are 120°C for 24Gunes, whereas optimal
conditions for rice bran have not been developed.

~

Need to find optimal conditions for rice bran aglintemperatures

3) SCEJ 52rd Autumn Meeting

Kumamoto University




Objectives

Objectives

 Formulation of subcritical water treatment conditions for rice brau

— High concentration elution of phosphorus, mineratsl amino acid components

e Acetic acid fermentation test of mixed samples of rice bran and

sake lees

By low temperature treatment

Protein

Peptide

\_

Amino acid

J

Ammonia

Kumamoto University




Experimental Methods

Experimental Operation

Raw materials+ distilled water 0.3|L

_L_ Equipment
mixing

: " Autoclave [SUS-316]

: Subcritical wate
hydrolysis treatment

¢. Stirring motor T
cooling

v

solid | suction filtration | |iguid

|

\ 4 4

Thermocouple

desiccation | 24h,50C | pH measurement

v

v analysis Electric furnace
weighing T

Agitator blades

Total Nitrogen
Total Amino acids
Ammonia
Phosphorus
Mineral(K, Ca, Mq)

Kumamoto University




Objectives

Objectives

e Formulation of subcritical water treatment conditions for rice brau

— High concentration elution of phosphorus, minerafed amino acid components

e Acetic acid fermentation test of mixed samples of rice bran and

sake lees

By low temperature treatment

Protein

Peptide

\_

Amino acid

J

Ammonia
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Results & Discussions

Experimental conditions

Volume of water [mL] 300
Temprature IC] 200, 220
Time [min] 30

Raw materials [g] 30, 45, 60

180R3(®) < Treated at 180°C for 30 minutes

200R30

Raw materials [g|]Liquefaction rate [%h pH Raw materials [g|]Liquefaction rate [%h pH
30g 68.20 4.78 30g 66.74 3.57
459 69.44 4.62 459 64.19 3.41
60g 67.17 4.34 60g 56.80 3.26
220R30
Raw materials [g|]Liquefaction rate [%h pH
30g 55.74 353 Liquefaction rate decr eased
454 5167 363 with temperature
60g 48.58 3.74

8) SCEJ 52rd Autumn Meeting

Kumamoto University




Results & Discussions

Carbon concentration in liquid

160000

g140000

& 120000 The carbon concentration in
S 10 the liquid decreased as the
g \ treatment temperature

S 10000 iIncreased.

o

O 20000 Y

0
309 459 609 :

200R30 m220R30

Possible Cellulose carbonization.

i)

/ / / The carbon weight in the
solid residue increased as
the treatment temperature
Increased.

309 459 609

200R30 m220R30

Weight of carbon in solid
0.7

©
o o
o o1

Carbon weight [g/g]

0.5
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Results & Discussions

Concentration [ppm]

Concentration [ppm]

Phosphorusand Minerals (180R30) 3

Phosphorusand Minerals (200R30)

Concentration [ppm]

30g 45¢g 60g

mP mK mCa mMg

30g 459
mP K mCa mMg

Phosphorusand Minerals (220R30)

30g

45¢g
mP mK mCa = Mg

condition.

60g

3) SCEJ 52rd Autumn Meeting

60g

Comparing the mineral
composition, the treatment at
180°C is the highest.
Considering liquefaction
efficiency, 180°C is the best

Kumamoto University




Conclusions 21

Experimental condition for high liquefaction rate from rice bran

> Treatment at 180°C has the highest liquefaction rate.

180R30
Raw materials [glLiquefaction rate [%] pH
309 68.20 4.78
45¢ 69.44 4.62
609 67.17 4.34
Temperaturg Reaction time] Amino acid P K Ca Mg
[°C] [min] [ppm] [ppm] | [ppm] | [ppm] | [ppM]
180 30 308 1544 | 1580 22 834

> Suitable operating conditions for high liquefaction rate:

18C°C, 30 min, 45 g-material/ 300 mL-B

Kumamoto University




Objectives

Objectives

 Formulation of subcritical water treatment conditions for rice brau

— High concentration elution of phosphorus, mineratsl amino acid components

o Acetic acid fermentation test of mixed samples of rice bran and

sake lees

By low temperature treatment

Protein

Peptide

\_

Amino acid

J

Ammonia
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Background

Table. Comparison with commercial products [ppm]

Amino acid P K Ca M
conc. 9
Sake lees vinegar
(120S240) 5753 289 118 19 38
Black vinegar
(Company B) 3684 1021 1166 93 282

v/ The amino acid component is higher than that afkblanegar and rice black
vinegar, which is a good result.

Liquefiedrice branppm]

Temperature | Reaction timg Amino acid P K | Ca| Mg
[°C] [min] conc.

180 30 308 1544| 1580 22| 834

v Rice bran is rich in phosphorus and minerals. Agrimuse rice bran as a
phosphorus and mineral provider

8) SCEJ 52rd Autumn Meeting

Kumamoto University




Experimental Methods 24

Rice bran and sake lees, which are disposed of in the vinegar production process

Rice-plant White and Sweet sake Unrefined sake
: brown rice .

e 18 Rice Saccharific Alcohol
s . polishing ation fermentation

Additivesfor Vinegar _
4 B A Squeezing

Trial conditions
. 1205240+ 180R 30

J

Grain vinegar Alcohol
= am

Acidification Acetic acid bacteria feed | "33 " ,i 4

4

Kumamoto University




Experimental Methods

Acetic acid fermentation process

Rice bran(180°C30min) : Sake lee$120°C240min)= 1: 1 (Total : 1L)

Add alcohol and acetic acid bacteria

v

3 days

Liquefied product

= L g
‘ -

180R30+120S240

Static fer mentation

Vinegar

Table. Test resultsfor blended and sake leesvinegars

AnalysisItem

Total nitrogen : TN
Total amino acids
Ammonia : NH-N
Phosphorus : P
Minerals(K, Ca, MQ)

Energy|Protein|Lipids|Carbohydratel Mineral content [Acidity
[keal] | [g9] [ [d] [9] [9] [%0]
Blended vinegar | 34 1.4 0.0 8.3 0.4 4.68
Sake lees vinegar
(120S240) 25 1.7 0.0 5.7 0.1 4.39
Grain vinegar 25 0.3 0.0 7.0 - 4.20

Kumamoto University




Concentration [ppm]

Results & Discussions

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Behavior of each component in the fermentation gsec

Amino acid

500

Day 0 of Day 2 of Day 3 of Pasteurization
fermentation fermentation fermentation

Amino acids were present without
loss during the fermentation and
fire-working processes.

Minerals

Day 0 of Day 2 of Day 3 of Pasteurization
fermentation  fermentation  fermentation

mK mCa mMg

Mineral content was not lost during the

fermentation and pasteurization process.

Kumamoto University




Results & Discussions 27

—

Concentration [ppm

6000

Comparison of Amino Acids Comparison of Minerals

1400

'g' 1200
S

2 1000
c

2 800
©

€ 600
@
O

c 400
S

200

0

Mixed Sake lees Grain vinegarRice vinegarBlack vinegar
Mixed Sake lees Grain vinegarRice vinegarBlack vinegar vinegar vinegar  (Company A)(Company A)(Company B)
vinegar vinegar  (Company A)(Company A)(Company B) (120°C)
(120°C)
mK mCa mMg

We have succeeded in producing a vinegar rich im@m
acids, with an amino acid composition higher thaat of
common grain vinegar, rice black vinegar, and black
vinegar. In addition, the mineral component wastiye
Improved compared to black vinegar. Amino acids and
minerals in rice bran and sake lees existed without
Interfering with each other during the fermentatuwocess.

Kumamoto University




Conclusions

Table. Comparison with commercial products[ppm]

Amino acid K Ca Mg
Blended vinegar (180R30 + 120S240) 4599 803 26 319
Sake lees vinegar (120S240) 5753 118 19 38
Grain vinegar
(Company A) 1412 129 25 47
Rice vinegar
(Company A) 3405 320 34 146
Black vinegar
(Company B) 3684 1166 93 282

» The amino acid content was also higher than thte@tommercial product, and the
mineral content was also improved.

> Ingredients can be manipulated by changing thengiratio of sakekasu and rice bran.

Kumamoto University




Conclusions

~Subcritical water treatment~

180R30
Raw materials [gliquefaction rate [%4] pH
309 68.20 4.78
45¢ 69.44 4.62
609 67.17 4.34
Temperature(] Time [min] Amino acid P K| Ca| Mg
180 30 308 1544| 1580 22| 834
~Vinegar production~
Acidity :
4.68%
Amino acid K Ca Mg
Mixed vinegar 4599 803 26 319

Rice bran was found to be best under the condatfdri80°C for 30 minutes. In
addition, mixed vinegar of rice bran and sake igelsled high concentrations of
both amino acids and mineral components.

Kumamoto University
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