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Amino acids are essential nutrients that make up the proteins
which form the human body. Analysis of amino acids has a
long history of applying firstly to research purposes such as
structural analysis and diagnoses of diseases and then to
quality control of food products and drugs and other fields.
Responding to increasing requests for higher speed analysis
in recent years, Shimadzu Corporation developed an online
pre-column method* that enables more rapid analysis. On
the other hand, the post-column method is still frequently
used today because of its wide range of applicability, even
though it is a time-consuming technique.

Shimadzu post-column method employs an automatic
analysis system that utilizes fluorescence derivatization by
o-phthalaldehyde (OPA) in detection after separation of the

amino acids by gradient elution using a cation exchange column.

OPA derivatized amino acids have excellent sensitivity and
linearity, and highly sensitive detection of proline and other
secondary amino acids is also possible. Because the derivatizatoin
is carried out after separation, reaction efficiency is less prone to
sample matrix effects. Therefore, this post-column method can
detect amino acids with high sensitivity and high selectivity. As
separation techniques, two modes are available, the Na type for
analysis of proteinogenic amino acids and the Li type for analysis
of free amino acids. Although simultaneous analysis of amino
acids is conducted using the optimum time programs for these
respective separation modes, highly accurate amino acid
analysis is possible without labor-intensive preparation using a
dedicated amino acid mobile phase kit and reaction reagent kit.

This article introduces amino acid analyses of various food
products using the Nexera post-column amino acid analysis
system, which was recently introduced in the market.

*: Please refer to Application News No. L529B.
A. Tanabe, H. Yamamoto

Analysis of Proteinogenic Amino Acids
(Na Type) [Standard Sample]

Analysis of proteinogenic amino acids (Na type) enables
separation and quantitation of approximately 20 types of amino
acids obtained by hydrolyzing protein. The Na type method
provides three separation conditions, the high resolution
condition for normal analysis, a high speed condition, and a
tryptophan included condition. Figs.1 to 3 show analyses of
standard amino acids under these three conditions, and Table 1
shows the analytical conditions of the Na type method.
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1. Aspartic Acid 7. Alanine 13. Tyrosine

2. Threonine 8. Cystine 14. Phenylalanine
3. Serine 9. Valine 15. Histidine

4. Glutamic Acid 10. Methionine 16. Lysine

5. Proline 11. Isoleucine 17. Ammonia

6. Glycine 12. Leucine 18. Arginine

Fig. 1 Analysis of 18 Standard Amino Acids
(0.1 pmol/L, Na Type High Resolution Condition)

High Performance Liquid Chromatography

Acid Analysis System

Analysis of Foods Using Nexera™ Post-Column Amino

mV
1107 15
1007
90
807
707
607
503 17
407
309 2 5 9 16
207 3 6 8 o', 14 19
107 114 7 13 18
04
T T T T T T T T
0 5 10 15 20 25 30 35 40 min
1. Aspartic Acid 8. Cystine 15. y -Aminobutyric acid
2. Threonine 9. Valine (GABA)
3. Serine 10. Methionine 16. Histidine
4. Glutamic Acid 11. Isoleucine 17. Lysine
5. Proline 12. Leucine 18. Ammonia
6. Glycine 13. Tyrosine 19. Arginine
7. Alanine 14. Phenylalanine
Fig. 2 Analysis of 19 Standard Amino Acids
(0.1 pmol/L, Na Type High Speed Condition)
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1. Aspartic Acid 8. Cystine 15. y -Aminobutyric acid
2. Threonine 9. Valine (GABA)
3. Serine 10. Methionine 16. Histidine
4. Glutamic Acid 11. Isoleucine 17. Tryptophan
5. Proline 12. Leucine 18. Lysine
6. Glycine 13. Tyrosine 19. Ammonia
7. Alanine 14. Phenylalanine 20. Arginine

Fig. 3 Analysis of 20 Standard Amino Acids
(0.1 pmol/L, Na Type Tryptophan Included Condition)

Table 1 Analytical Conditions of Na Type Method (Common)

Column
Ammonia trap column
Mobile phase

Flow rate

Column temp.
Injection vol.

Vial

Reaction reagent
Flow rate of reagent
Reaction temp.
Detection

: Shim-pack™ Amino-Na

(100 mm x 6.0 mm I.D., 5 um) *!

: Shim-pack ISC-30/S0504Na

(50 mmx4.0 mm |.D.) *2

: Amino Acid Mobile Phase Kits (Na type) **

Gradient Elution

: 0.4-0.6 mL/min

1 60°C

;10 L

: Shimadzu Vials, LC, 1.5 mL, Glass **
: Amino Acid Reagent Kits **

: 0.2 mL/min for each

1 60°C

: Ex. 350 nm Em. 450 nm

*1:P/N S228-18837-91, *2: P/N S228-14206-91, *3 : P/N S228-21195-94,
*4:P/N 5228-15652-92, *5: P/N 5228-21195-93
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Analysis under Na Type High Resolution Condition

[Hydrochloric Acid Hydrolysis: Soybeans, Liquid Formula, Protein Powder]
The following introduces analyses using the Na type high resolution condition. Figs. 4 to 9 show analyses of 18 proteinogenic
amino acids obtained by hydrochloric acid hydrolysis. Among these, 9 essential amino acids (threonine, valine, methionine,

isoleucine, leucine, phenylalanine, histidine, tryptophan, lysine) must be obtained from foods, as they cannot be synthesized in
the human body.
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Ground soybeans 5.03 mg

6 mol/L HCI (500 pL)

Seal vessel under reduced pressure

Stand at 110 °C, 22 hours

Evaporate to dryness under nitrogen atmosphere

— 0.2 mol/L sodium citrate buffer (pH 2.2) (500 uL)
Dissolve with vortex mixer
Filtration (0.45 pm, 10000 rpm x 10 minutes)

Filtrate 50 uL
|— 0.2 mol/L sodium citrate buffer (pH 2.2) (950 uL)

0 5 10 15 20 25 30 35 45 50 55 min
1. Aspartic Acid 7. Alanine 13. Tyrosine HPLC
2. Threonine 8. Cystine 14. Phenylalanine
3. Serine 9. Valine 15. Histidine Fig. 5 Pretreatment Protocol for Ground Soybeans
4. Glutamic Acid 10. Methionine 16. Lysine (Hydrochloric Acid Hydrolysis)
5. Proline 11. Isoleucine 17. Ammonia
6. Glycine 12. Leucine 18. Arginine

Fig. 4 Analysis of Ground Soybeans (Hydrochloric Acid
Hydrolysis) (Na Type High Resolution Condition)
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Baby liquid formula 250 pL

[ 12 mol/L HCI (250 pL)
Seal vessel under reduced pressure

1007
Stand at 110 °C, 22 hours
75 Evaporate to dryness under nitrogen atmosphere
E — 0.2 mol/L sodium citrate buffer (pH 2.2) (500 pL)
30 Dissolve with vortex mixer
25 ] Filtration (0.45 pm, 10000 rpm x 10 minutes)
Filtrate 100 pL
0
R S B B R L B s R SR |—0.2moI/Lsodiumcitratebuffer(pH2A2)(9OOuL)
0 5 10 15 20 25 30 35 45 50 55 min
HPLC
1. Aspartic Acid 7. Alanine 13. Tyrosine
2. Threonine 8. Cystine 14. Phenylalanine Fig. 7 Pretreatment Protocol for Baby Liquid Formula
3. Serine 9. Valine 15. Histidine (Hydrochloric Acid Hydrolysis)
4. Glutamic Acid 10. Methionine 16. Lysine
5. Proline 11. Isoleucine 17. Ammonia
6. Glycine 12. Leucine 18. Arginine

Fig. 6 Analysis of Baby Liquid Formula (Hydrochloric Acid
Hydrolysis) (Na Type High Resolution Condition)
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Protein powder 5.05 mg

6 mol/L HCI (500 pL)

Seal vessel under reduced pressure

Stand at 110 °C, 22 hours

Evaporate to dryness under nitrogen atmosphere

— 0.2 mol/L sodium citrate buffer (pH 2.2) (500 pL)
Dissolve with vortex mixer
Filtration (0.45 pm, 10000 rpm x 10 minutes)

Filtrate

o 5 10 15 2 ‘ 0 35 40 45 50 50  'min
1. Aspartic Acid 7. Alanine 13. Tyrosine HPLC
2. Threonine 8. Cystine 14. Phenylalanine
3. Serine 9. Valine 15. Histidine Fig. 9 Pretreatment Protocol for Protein Powder
4. Glutamic Acid 10. Methionine 16. Lysine (Hydrochloric Acid Hydrolysis)
5. Proline 11. Isoleucine 17. Ammonia
6. Glycine 12. Leucine 18. Arginine

Fig. 8 Analysis of Protein Powder (Hydrochloric Acid
Hydrolysis) (Na Type High Resolution Condition)
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Analysis under Na Type High Resolution Condition
[Chicken Breast Meat, Soy Meat, Nampler (Fish Sauce), Amino Acid Supplement]

Figs. 10to 17 show analyses of 18 free amino acids obtained by extraction from samples. Here, an ultrafiltration cartridge was used
in deproteinization.

mV
300 13 Chopped chicken breast meat 1.668 g
0.2 mol/L sodium citrate buffer (pH 2.2) (10 mL)
2501 Homogenize (1 minute)
2004 Centrifuge (5000 rpm x 5 minutes)
1501 Supernatant
] Ultrafiltration filter (10K)
100 Centrifuge (10000 rpm x 10 minutes)
14 .
50 )3 6 1112 16,1 Filtrate 100 pL
04 ! 43 2 3 I— 0.2 mol/L sodium citrate buffer (pH 2.2) (900 uL)
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0 5 0 15 20 25 30 35 40 45 50 55 min HPLC
- ASpam,CAc'd 7 Alah'ne 1 H'SF'dme Fig. 11 Pretreatment Protocol for Chopped Chicken
2. Threonine 9. Valine 16. Lysine Breast Meat
3. Serine 11. Isoleucine 17. Ammonia
4. Glutamic Acid 12. Leucine 18. Arginine
5. Proline 13. Tyrosine
6. Glycine 14. Phenylalanine

Fig. 10 Analysis of Chopped Chicken Breast Meat
(Na Type High Resolution Condition)
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Dry soy meat 109 mg

1.00
0.2 mol/L sodium citrate buffer (pH 2.2) (20 mL)
0.754 Stand at room temperature, 2 hours
Homogenize (1 minute)
0.50 Supernatant
Ultrafiltration filter (10K)
0.25 Centrifuge (10000 rpm x 10 minutes)

Filtrate 100 uL

0.00
|— 0.2 mol/L sodium citrate buffer (pH 2.2) (400 pL)
M e e P

0 5 0 15 20 25 30 35 40 45 50 55 min HPLC
1. Aspartic Acid 9. Valine .
5 Threonine 13. Tyrosine Fig. 13 Pretreatment Protocol for Dry Soy Meat
3. Serine 15. Histidine
4. Glutamic Acid 16. Lysine
5. Proline 17. Ammonia
6. Glycine 18. Arginine

Fig. 12 Analysis of Dry Soy Meat
(Na Type High Resolution Condition)

mV
10004 Nampler (fish sauce) 50 pL
0.2 mol/L sodium citrate buffer (pH 2.2) (4.95 mL)
750 Ultrafiltration filter (10K)
Centrifuge (10000 rpm x 10 minutes)
Filtrate
5007
HPLC
250
24 9 14 Fig. 15 Pretreatment Protocol for Nampler (Fish Sauce)
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0 5 10 15 20 25 30 35 40 45 50 55 min

1. Aspartic Acid 7. Alanine 13. Tyrosine

2. Threonine 8. Cystine 14. Phenylalanine
3. Serine 9. Valine 15. Histidine

4. Glutamic Acid 10. Methionine 16. Lysine

5. Proline 11. Isoleucine 17. Ammonia

6. Glycine 12. Leucine 18. Arginine

Fig. 14 Analysis of Nampler (Fish Sauce)
(Na Type High Resolution Condition)
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Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine

25 30 35

7. Alanine
8. Cystine
9. Valine
10. Methionine
11. Isoleucine
12. Leucine

40

45 50 55 min

14. Phenylalanine
15. Histidine
16. Lysine

18. Arginine

Fig. 16 Analysis of Amino Acid Supplement
(Na Type High Resolution Condition)

Amino acid supplement 1368 mg

0.2 mol/L sodium citrate buffer (pH 2.2) (50 mL)
Filtration (0.45 pm)

Filtrate 100 pL
|— 0.2 mol/L sodium citrate buffer (pH 2.2) (9.9 mL)
HPLC

Fig. 17 Pretreatment Protocol for Amino Acid Supplement

Analysis under Na Type High Speed Condition [Sports Drink, Beer, Yogurt]

Figs. 18 to 23 show analyses under the Na type high speed condition. This separation condition has the shortest analysis time
(45 min) and can be used with samples that contain comparatively few contaminants.
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9. Valine  11. Isoleucine 12. Leucine  19. Arginine
Fig. 18 Analysis of Sports Drink
(Na Type High Speed Condition)
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0 5 10 15 20 25 30 35 40  min
1. Aspartic Acid 9. Valine 15. y -Aminobutyric acid
2. Threonine 10. Methionine (GABA)
3. Serine 11. Isoleucine 16. Histidine
4. Glutamic Acid 12. Leucine 17. Lysine
5. Proline 13. Tyrosine 18. Ammonia
6. Glycine 14. Phenylalanine 19. Arginine
7. Alanine

Fig. 20 Analysis of Beer (Na Type High Speed Condition)

Sports drink

Filtration (0.45 pm)

Filtrate

HPLC

Fig. 19 Pretreatment Protocol for Sports Drink

Beer 10 mL

Shake to remove carbonic acid with
Ultrasonic shaker (10 minutes x 2 times)
Ultrafiltration filter (10K)

Centrifuge (10000 rpm x 10 minutes)

Filtrate

HPLC

Fig. 21 Pretreatment Protocol for Beer
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Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine

10.
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14.

Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

30 35 40

16.
17.
18.
19.

min

. Y —Aminobutyric acid

(GABA)
Histidine
Lysine
Ammonia
Arginine

Fig. 22 Analysis of Yogurt (Na Type High Speed Condition)

Yogurt 2.074g
0.2 mol/L sodium citrate buffer (pH 2.2) (20 mL)
Mix with vortex mixer
Ultrafiltration filter (10K)
Centrifuge (10000 rpm x 10 minutes)

Filtrate

HPLC

Fig. 23 Pretreatment Protocol for Yogurt

Analysis under Na Type Tryptophan Included Condition
[Chicken Breast Meat (Alkali Hydrolysis), Vegetable Juice, Miso (Soybean Paste)]

Figs. 24 to 29 show analyses under the Na type tryptophan included condition. Alkali hydrolysis is used when analyzing
proteinogenic amino acids containing tryptophan due to the decomposition of tryptophan by acid hydrolysis.
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0 10 20 30 40 50 60 min
1. Aspartic Acid 8. Cystine 15. y —Aminobutyric acid
2. Threonine 9. Valine (GABA)
3. Serine 10. Methionine 16. Histidine
4. Glutamic Acid 11. Isoleucine 17. Tryptophan
5. Proline 12. Leucine 18. Lysine
6. Glycine 13. Tyrosine 19. Ammonia
7. Alanine 14. Phenylalanine 20. Arginine
Fig. 24 Analysis of Chopped Chicken Breast Meat
(Alkali Hydrolysis)
(Na Type Tryptophan Included Condition)
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0 10 20 30 40 50 60 min
1. Aspartic Acid 9. Valine 15. y —Aminobutyric acid
2. Threonine 10. Methionine (GABA)
3. Serine 11. Isoleucine 16. Histidine
4. Glutamic Acid 12. Leucine 18. Lysine
5. Proline 13. Tyrosine 19. Ammonia
6. Glycine 14. Phenylalanine 20. Arginine
7. Alanine

Fig. 26 Analysis of Vegetable Juice
(Na Type Tryptophan Included Condition)

Chopped chicken breast meat 15.16 mg

5.2 mol/L NaOH (500 pL)

[—2,2"-Thiodiethanol (100 pL)
Seal vessel under reduced pressure
Stand at 110 °C, 22 hours

Neutrialization with 6 mol/L HCI

Water
5mL
| Filtration (0.45 pm, 10000 rpm x 10 minutes)
Filtrate
HPLC

Fig. 25 Pretreatment Protocol for Chopped Chicken Breast
Meat (Alkali Hydrolysis)

Vegetable juice 500 pL

0.2 mol/L sodium citrate buffer (pH 2.2) (4.5 mL)
Ultrafiltration filter (10K)
Centrifuge (10000 rpm x 15 minutes)

Filtrate

HPLC

Fig. 27 Pretreatment Protocol for Vegetable Juice
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mV

10.0{ Miso (Japanese soybean paste) 2.1971 g

b 0.2 mol/L sodium citrate buffer (pH 2.2) (20 mL)
7.5 Mix with vortex mixer
] Centrifuge (3500 rpm x 3 minutes)

Supernatant

Ultrafiltration filter (10K)
Centrifuge (10000 rpm x 15 minutes)

5.0

2.5

Filtrate 20 pL

0.0

T T T T T T 0.2 mol/L sodium citrate buffer (pH 2.2) (980 pL)
0 10 20 30 40 50 60 min HPLC
1. Aspartic Acid 9. Valine 15. y —Aminobutyric acid . .
5 Threonine 10. Methionine (GABA) Fig. 29 Pretreatment Protocol for Miso
3. Serine 11. Isoleucine 16. Histidine (Japanese Soybean Paste)
4. Glutamic Acid 12. Leucine 17. Tryptophan
5. Proline 13. Tyrosine 18. Lysine
6. Glycine 14. Phenylalanine 19. Ammonia
7. Alanine 20. Arginine

Fig. 28 Analysis of Miso (Japanese Soybean Paste)
(Na Type Tryptophan Included Condition)

Analysis of Cysteic Acid and Methionine Sulfone under Na Type Condition
[Standard Sample, Chicken Breast Meat (Performic Acid Oxidation-Hydrolysis)]
Cysteine, cystine, and methionine are decomposed by hydrochloric acid hydrolysis. Therefore, in order to measure these

compounds, performic acid oxidation-hydrolysis is conducted to convert cysteine and cystine to cysteic acid and methionine to
methionine sulfone to be determined in the analysis.

Fig. 30 shows a standard analysis of cysteic acid and methionine sulfone, Fig. 31 shows an analysis of chopped chicken breast meat
by performic acid oxidation-hydrolysis, and Table 2 shows the analytical conditions.

35,V Table 2 Analytical Conditions for Cysteic Acid and
] Methionine Sulfone
303 5 Column : Shim-pack Amino-Na
251 (100 mm x 6.0 mm L.D., 5 ym)
Mobile phase : A*%) 67 mmol/L sodium citrate containing 7%
20 ethanol and 0.15 mol/L perchloric acid
B) 0.2 mol/L NaOH
157 Gradient Elution
101 Flow rate : 0.4 mL/min
Column temp. 1 60°C
5 Injection vol. ;10 uL
Reaction reagent : Amino acid reagent kits
0 not add sodium hypochlorite to reagent A
B L L L L L B B B B I . H
0 1 5 3 2 5 6 7 8 9 10 min Flow rate of reagent : 0.2 mL/min each
1. Cysteic Acid 2. Methionine sulfone Reactlgn temp. £ 60°C
Detection : Ex. 350 nm Em. 450 nm
A Fig: 30 Ana.lysi‘s of Standard Sample *6: Sodium citrate 2-hydrate 19.6 g, ethanol 70 mL, perchloric acid (60%)
(Cysteic Acid, Methionine Sulfone, 0.1 mmol/L Each) 14 mLinto 1L of water
mV
1507 Chopped chicken breast meat 14.87 mg
] Performic acid (800 pL)
1004 Stand at room temperature, 1 hour
1 Store in ice through night
i [ Hydrobromic acid (100 pL)
q Evaporate to dryness under nitrogen atmosphere
50
1 F—— 6 mol/L HCI (500 pL)
] 1 2 Seal Vessel under reduced pressure
1 Stand at 110 °C, 22 hours
07—, — — i — Evaporate to dryness under nitrogen atmosphere
0o 25 50 75 100 min —— 0.2 mol/L Sodium citrate buffer (pH 2.2) (500 pL)
o o Dissolve with vortex mixer
1. CysteicAcd 2. Methionine sulfone Filtration (0.45 um, 10000 rpm x 10 minutes)
Fig. 31 Analysis of Chopped Chicken Breast Meat Filtrate 50 uL

(Performic Acid Oxidation-Hydrolysis)
I_ 0.2 mol/L Sodium citrate buffer (pH 2.2) (950 uL)

HPLC

Fig. 32 Pretreatment Protocol for Chopped Chicken Breast
Meat (Performic Acid Oxidation-Hydrolysis)
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Analysis of Free Amino Acids (Li Type) [Standard Sample, Ham, Black Vinegar, Broccoli Sprout]

In free amino acid analysis (Li type), separation and quantitation of approximately 40 amino acids are possible. If the reagent kit is
used, the 150 minutes analysis is conducted easily with good repeatability. Fig. 33 shows a standard analysis by the Li type method,
and Table 3 shows the Li type analytical conditions. Figs. 34 to 39 are analyses of free amino acids by the Li type method. High
resolution is possible with the Li type method, even with samples such as foods that contain many contaminants.

mV

0 25 50 75 100 125 min
1. o-Phosphoserine 15. Alanine 28. y -Aminobutyric acid Table 3 Analytical Conditions of Li Type Method
2. Taurine 16. Citrulline (GABA)
3. o-Phosphoethanolamine 17. a-Amino-n-butyric acid 29. Tryptophan Column : Shim-pack Amino-Li
4. Aspartic acid 18. Valine 30. Histidine (100 mm x 6.0 mm I.D., 5 um) *7
5. Hydroxyproline 19. Cystine 31. 3-Methylhistidine Ammonia trap . Shim—pack 1SC-30/S0504Li
6. Threonine 20. Methionine 32. 1-Methylhistidine column . (50 mm x 4.0 mm 1.D.) *8
7. Serine 21. Isoleucine 33. Carnosine A . L S . .
8. Asparagine 22. Cystathionine 34. Anserine Mobile phase : Amln_o acid m()blle phase kits (Ll type) *
9. Glutamic acid 23. Leucine 35. Hydroxylysine Gradient elution
10. Glutamine 24. Tyrosine 36. Ornithine Flow rate : 0.6 mL/min
11. Sarcosine 25. Phenylalanine 37. Lysine Column temp. : 39°C
12. a-Aminoadipic acid 26. B-Alanine 38. Ammonia Injection vol - 10 IJL
13. Proline 27. B-Aminoisobutyric acid 39. Arginine vial : Shimadzu Vials, LC, 1.5 mL, Glass
14. Glycine ) N A N ' ’o T !
Reaction reagent : Amino acid reagent kits
Fig. 33 Analysis of 39 Standard Amino Acids Flow rate of reagent  : 0.2 mL/min for each
(0.1 mmol/L Each*¥, Li Type Condition) Reaction temp. :39°%C
Detection : Ex.350 nm Em. 450 nm
*% .

: However, the concentrations are 0.05 mmol/L for components
1-3, 12, 17, and 22, 0.25mmol/L for component 11, and
0.026 mmol/L for component 29.

*7 :P/N S228-18837-92, *8 : P/N $228-00821-91, *9 : P/N S228-21195-95
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30 34 3738
A\ N
T T T T T
0 25 50 75 100 125 min
o-Phosphoserine 10. Glutamine 24. Tyrosine
Taurine 13. Proline 25. Phenylalanine Ham 159
o—Phothoethanolamine 14. Glycivne 26. B—.Al.an.ine —— 0.2 mol/L Lithium citrate buffer (pH 2_2) (20 mL)
Threonine 15. Alanine 30. Histidine Homogenize (1 minute)
Serine 18. Valine 33. Carnosine
Asparagine 21. Isoleucine 34. Anserine Centrifuge (4500 rpm x 10 minutes)
Glutamic acid 23. Leucine 37. Lysine
38. Ammonia Supernatant

Fig. 34 Analysis of Ham (Li Type Condition)

Ultrafiltration filter (10K)
Centrifuge (10000 rpm x 10 minutes)
Filtrate 100 pL

0.2 mol/L Lithium citrate buffer (pH 2.2) (400 pL)

HPLC

Fig. 35 Pretreatment Protocol for Ham
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0 25 50 75 100 125 min
4. Aspartic acid 15. Alanine 28. y-Aminobutyric acid .
6. Threonine 18. Valine (GABA) Black vinegar 50 HL
7. Serine 20. Methionine 30. Histidine 0.2 mol/L Lithium citrate buffer (pH 2.2) (4.95 mL)
Z‘ éfpta’agi”e " ;; 'LSOIefJCi"e ;2 gi“_i:uf‘e Ultrafiltration filter (10K)
. Glutamic aci . Leucine . Ornithine . .
13. Proline 24. Tyrosine 37. Lysine Centnnge (10000 'pm x 10 mlnutes)
14. Glycine 25. Phenylalanine 38. Ammonia .
Filtrate
Fig. 36 Analysis of Black Vinegar (Li Type Condition)
HPLC
Fig. 37 Pretreatment Protocol for Black Vinegar
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30
] 39
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10
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0 25 50 75 100 125 min
3. o-Phosphoethanolamine 13. Proline 26. B-Alanine .
4. Aspartic acid 14. Glycine 28. y -Aminobutyric acid Broccoli sprout 0.548 g
6. Threonine 15. Alanine (GABA) . .
7. Serine 18, Valine 29, Tryptophan 0.2 mol/L I'_|th|um.C|trate buffer (pH 2.2) (15 mL)
8. Asparagine 21. Isoleucine 30. Histidine Homogenize (1 minute)
9. Glutamic acid 23. Leucine 36. Ornithine Centrifuge (4500 rpm x 1 minute)
10. Glutamine 24. Tyrosine 37. Lysine
12. a-Aminoadipic acid 25. Phenylalanine 38. Ammonia Supernatant
39. Arginine
. . . . . Filtration (0.45 pum)
Fig. 38 Analysis of Broccoli Sprout (Li Type Condition)
HPLC
Fig. 39 Pretreatment Protocol for Broccoli Sprout
Conclusion

Analyses of various food products using the Nexera post-column
amino acid analysis system were introduced.

It should be noted that the pretreatment protocols used here
are just examples. When actually conducting a quantitative
analysis, confirmation of the recovery rate by a recovery test
prior to the analysis is recommended.

Nexera and Shim-pack are trademarks of Shimadzu Corporation in Japan and/or other countries.
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products in your country.

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.

Shimadzu disclaims any proprietary interest in trademarks and trade names used in this publication other than its own.

See http://www.shimadzu.com/about/trademarks/index.html for details.

Shimadzu Corporation

www.shimadzu.com/an/

The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject
to change without notice.
© Shimadzu Corporation, 2020



Related Products some products may be updated to newer models.

eversed phase and Noa phas

Shim-pack
> Shim-pack Amino
Analysis System Series
Nexera Post-column Amino Acid HPLC Column

Analysis System

Related Solutions

Food Research &

» Food and Nutrition
Development

’ Technical Service /

Support Inquiry 9 Other Inquiry

9 Price Inquiry 9 Product Inquiry


https://www.shimadzu.com/an/system/redirect.html?prod_id=4489&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4489&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4489&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4489&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4489&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4489&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3556&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3556&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3556&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3556&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3556&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=141&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=143&apl_id=13186&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=143&apl_id=13186&from=apl
https://www.shimadzu.com/an/forms/price/index.html?page=webform_start&apl_id=13186&from=apl
https://www.shimadzu.com/an/forms/product/index.html?page=webform_start&apl_id=13186&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=13186&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=13186&from=apl
https://www.shimadzu.com/an/forms/other/index.html?page=webform_start&apl_id=13186&from=apl
http://www.tcpdf.org

