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Study of Simultaneous Determination Method of Cystine, Lysine, Methionine and Threonine
by Amino Acid Analysis System

FUNAKI Norio*, NOMURA Tetsuya“ and NAKATANI Takumi *

(" Kobe Regional Center, Food and Agricultural Materials Inspection Center)

We have studied a simultaneous quantitative determination method of the concentration of amino
acids (cystine, lysine, methionine and threonine) in formula feed for pigs using an amino acid
analysis system.

Cystine and methionine in a sample were oxidized to cysteic acid and methionine sulfone,
respectively, with performic acid solution. The Amino acids were then hydrolyzed with
hydrochloric acid. Then, the hydrolyzed solution was dried under reduced pressure, and dissolved
in prepared eluent. The amino acids in the sample solution were quantified using an automated
analysis system with post-column fluorescence detection. The columns used for separation and
ammonia removal were Shim-pack Amino-Na (6.0 mm i.d. x 100 mm, 5 um, Shimadzu Co. Inc.;
Kyoto, Japan) and Shim-pack ISC-30/S0504Na (4.0 mm i.d. x 50 mm, Shimadzu Co. Inc.). The
solutions used for mobile phase were AA-MC (Amino Acid Mobile Phase Kits (Na type), Shimadzu
Co. Inc.) and prepared solution containing trisodium citrate, ethanol and perchloric acid. The
solution used for post-column reaction was AA-RB (Amino Acid Reagent Kits, OPA Reagent,
Shimadzu Co. Inc.).

In this study, a discrepancy between the retention times of the standard solution and the sample
solution was observed. The reason for this was thought to be the presence of residual formic acid
in the final sample solution. This residual formic acid might have resulted from omitting the drying
step of the sample solution after hydrolysis during the study. Therefore, the hydrolyzed sample
solution was dried, and then dissolved in the eluent that corresponded to the initial conditions of the
gradient, and the measurement was performed. Consequently, the retention times were consistent,
and we were able to quantify cystine and methionine. However, the lower limit of quantification
did not reach the target level, and further studied were considered necessary.

Key words: amino acid; cystine; cysteic acid; lysine; methionine; methionine sulfone; threonine;
amino acid analysis system; formula feed for pigs.
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Cystine Cysteic acid
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2,2-Diamino-3,3-dithiodipropionic acid

CsH12N204S2  MW: 240.30 CAS No.: 923-32-0

Lysine

NH
HO 2

NH»

2,6-Diaminohexanoic acid
C4H9NO3 MW: 146.19 CAS No.: 70-54-2

Methionine sulfone

NH,

2R
OH O

2-Amino-4-(methanesulfonyl)butanoic acid
CsH11NOsS MW: 181.21 CAS No.: 820-10-0

2-Amino-3-sulfo-propanoic acid
C3H7NOsS MW: 169.16 CAS No.: 498-40-8

Methionine

NH,

OH

2-Amino-4-(methylthio)butyric acid
CsH11NO2S MW: 149.21 CAS No.: 59-51-8

Threonine

OH O

NH,

2-Amino-3-hydroxybutyric acid
CeH14N202 MW:119.12 CAS No.: 80-68-2

Fig. 1 Chemical structures of cysteine, cysteic acid, lysine, methionine,
methionine sulfone and threonine
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Table 1  Compositions of the formula feed
Proportion

Formula feed types  Ingredient types %) Ingredients
For piglets Grains 74 Corn, rice
Oil seed meal 20 Rapeseed meal, soybean meal, corn jerm meal
Others 6 Confection, calcium carbonate, animal fat, salt, calcium phosphate,
vegetable oil, feed additives
For fatteing pigs Grains 72 Corn, milo, wheat
Oil seed meal 21 Rapeseed meal, soybean meal, corn jerm meal
Chaff and bran 4 Corn gluten feed, distiller's dried grains with solubles
Others 3 Animal fat, calcium carbonate, salt, confection, vegetable oil,

silicic acid, calcium phosphate, molasses, feed additives

22 # ¥

1) kBT R 7L, BEILKEKRKERT Y ) —/L (99.5) [FRl3RERAE W2, SRR
Rtk (E&ED% 98 %) MW, Z#EEET b U 7 ZTReFk (8 L7 A v AR R)
Rz R (&% 35 %) KOUBRHEFERE (H&0% 60 %) [TRMESHTH (EL7 A1
LAFEHER) 2V, 72—V RO BT Y U A KR T 2 BREH BT
A (BEE7 A v aFfiepiskal) & Ay, Kid Milli-Q Integral 5 (Merck Millipore $) 12Xk
FERLL 72K (JISK 0211 @ 5218 ([ZEF S 72@iK) & Huvi-.

2) KT X EIEAES,

TANTX U, VAF, VATAVEE, VOV, ATFF=2, ATFF=UANKRCKRY

N A= OFFERES T, Table 2 (128 LIZfifG3EE, MEOLOE AW,

Table 2 Amino acid standards used in the present study

Amino acids Manufacturer Purity (%)
L-Aspartic acid FUJIFILM Wako Pure Chemical 99.0
L-Cystine FUJIFILM Wako Pure Chemical 99.4
L-Cysteic acid FUJIFILM Wako Pure Chemical 99.8
L-Lysine monohydrochloride FUJIFILM Wako Pure Chemical 99.8
L-Methionine FUJIFILM Wako Pure Chemical 100.0
L-Methionine sulfone Thermo Fisher Scientific 99.0
L-Threonine FUJIFILM Wako Pure Chemical 99.9
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Table 3  Compositions of the mobile phase

Mobile phase name Substance name Prog)zr)tlon
AA-MC Ultrapure water > 99
Sodium hydroxide <1
Prepared A-solution Ultrapure water >901.5
Trisodium citrate dihydrate <4
Ethanol <3

Perchloric acid (60 %) <15
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Table 4  Compositions of the reaction reagent

React::)anmrsagent Substance name Pro(p;zr)tlon
AA-RB AA-RA* > 08
Methanol <2
N -Acethyl-L-cysteine <0.1
0 -Phthalaldehyde <0.1
*AA-RA Ultrapure water > 93
Sodium hydroxide <4
Potadium sulfoxide <2
Boric acid <15
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Table 5  Operating conditions of amino acid analysis system

Detector Fluorescent detector
(Excitation wavelength: 345 nm, fluorescent wavelength: 455 nm)

Separation column Shim-pack Amino-Na (6.0 mm i.d. x 100 mm, 5 pm), Shimadzu

Ammonia removal column  Shim-pack 1SC-30/S0504Na (4.0 mm i.d. x 50 mm), Shimadzu

Mobile phase Prepared A-solution — (hold for 5 min) —AA-MC — (hold for 7 min)
— prepared A-solution — (hold for 10 min)

Flow rate Mobile phase: 0.6 mL/min, reagent: 0.2 mL/min

Column temperature 60 °C
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Sample (Equivalent to 5 mg of crude protein, 20 mL hydrolysis tube)

——added 2 mL of hydrogen peroxide-formic acid (1:9), plugged 20 mL hydrolysis tube

——stirred by using ultrasonic generator and left overnight (0~4 °C) in refrigator

——while cooling on ice, added 0.34 g of sodium disulfite dissolved in 2.5 mL of water, and stirred for 5 min

——added 2.5 mL of 35 % hydrochloric acid, while cooling on ice and degassing by water flow pump, and plugged
air-tightly

——heated for 24 hours in drying incubator (120 °C)

50 mL volumetric tube

——transferred sample solution to 50 mL volumetric tube after cooling

——washed the 20 mL hydrolysis tube with 20 mL of water and transferred the solution to 50 mL volumetric tube

—filled up with water

— filtrated through a filter paper (No.5A of JIS P 3801)

50 mL evaporator flask

——transferred 2 mL of sample solution to 50 mL evaporator flask

——evaporated to dryness under 50 °C

——dried using nitrogen gas in water bath (50 °C)

——dissolved in 4 mL of prepared A-solution (mobile phase with initial conditions)

—filtrated through a membrane filter (PTFE 0.45 pm)

Amino acid analysis system

Scheme 1 Analytical procedure for amino acid analysis system
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Fig. 2  Typical chromatogram of amino acids in standard solutions
(Conditions of amino acid analysis system are shown in Table 5.  Arrows indicate the peak
of 1: cysteic acid, 2: methionine sulfone, 3: threonine and 4: lysine and so forth.)
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Fig. 3  Typical chromatograms of amino acid in samples and standard solution of aspartic acid
(Conditions of automated amino acid analysis system are shown in Table 5. Arrows indicate the
peak of 1: cysteic acid, 2: aspartic acid, 3: methionine sulfone, 4: threonine and 5: lysine and so
forth. The baselines are shifted for display.)
A: Sample solution of formula feed of piglets
B: Sample solution of formula feed of fattening pigs
C: Standard solution of aspartic acid (0.5 pg/mL)
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Fig. 4 Chromatograms of standard solution and sample solutions prepared
by drying formic acid with nitrogen
(Conditions of automated amino acid analyzer are shown in Table 5. Arrows indicate the
peak of 1: cysteic acid, 2: methionine sulfone and 3: threonine. The baselines are shifted
for display.)
A: Sample solution of formula feed of growing pigs
B: Sample solution of formula feed of pork pigs
C: Standard solution (2 png/mL)
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