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Development of Simultaneous Determination Method of Cystine, Lysine, Methionine and
Threonine in Formula Feed for Pigs by Automatic Amino Acid Analyzer

DOI Yugo™!, YAMAGAMI Yohei?? and SHIOTU Momoko ™
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Sendai Regional Center, FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC,

"3 Institute of Food Research, National Agriculture and Food Research Organization)

We have developed a simultaneous quantitative determination method of the concentration of amino
acids (cystine, lysine, methionine and threonine) in formula feed for pig using an automatic amino
acid analyzer.

Amino acids in a sample were oxidized with a performic acid solution, and the sample solution was
hydrolyzed with hydrochloric acid. The sample solution was then concentrated under the reduced
pressure, and diluted with sodium citrate buffer. Then, amino acids in the sample solution was
determined using an automatic amino acid analyzer. Amino acids separation was carried out on an
AApak Na-LG separation column (6.0 mm i.d. X 50 mm, 4 pm, JASCO Co. Inc.; Tokyo, Japan) and
an AECpak Na-LG ammonia removal column (4.6 mm i.d. x 35 mm, JASCO Co. Inc.) with a
gradient of Amino Buffer Na-LG 1st, 2nd, 3rd and 4th. The amino acids were then colored by
post-column reaction with Amino Reagent Na-LG (Hypo Reagent and OPA Reagent) (JASCO Co.
Inc.).

Recovery tests were conducted on formula feed for piglets and fattening pigs. Formula feed for
piglets was added with 0.448 % of cystine, 1.57 % of lysine, 0.448 % of methionine and 1.12 % of
threonine. The resulting mean recoveries were 90.2 % for cystine, 105 % for lysine, 83.7 % for
methionine and 102 % for threonine. The repeatability in the form of the relative standard
deviation (RSD;) was less than 1.2 % for cystine, less than 1.4 % for lysine, less than 1.0 % for
methionine and less than 1.7 % for threonine. Formula feed for fattening pigs was added with
0.336 % of cystine, 1.12 % of lysine, 0.336 % of methionine and 0.672 % of threonine. The
resulting mean recoveries were 98.9 % for cystine, 78.8 % for lysine, 105 % for methionine and
92.1 % for threonine. RSD; was less than 1.7 % for cystine, less than 1.9 % for lysine, less than
2.1 % for methionine and less than 1.5 % for threonine.

Key words: amino acid; cystine; lysine; methionine; cysteic acid; methionine sulfone; threonine;
automatic amino acid analyzer; formula feed for pigs
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DL - Cystine DL - Cysteic acid
2,2-Diamino-3,3-dithiodipropionic acid 2-amino-3-sulfo-propanoic acid
CeH12N204S2  MW: 240.30 CAS No.: 923-32-0 C3H7NOsS MW: 169.16 CAS No.: 498-40-8
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NH, @ ~
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NH, OH
DL-Lysine DL - Methionine
2,6-Diaminohexanoic acid 2-Amino-4-(methylthio)butyric acid
CsH14N202 MW: 146.19 CAS No.: 70-54-2 CsH11NO2S MW: 149.21 CAS No.: 59-51-8
NH, OH @)
O
O // OH
S
VRN
OH O NH,
DL - Methionine sulfone DL-Threonine
2-Amino-4-(methanesulfonyl)butanoic acid 2-Amino-3-hydroxybutyric acid
CsH11INO4S MW: 181.21 CAS No.: 820-10-0 C4H9NO3 MW: 119.12 CAS No.: 80-68-2
Fig. 1 Chemical structures of cystine, 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 suckling pigs  Grains 58 Corn, heat-treated corn, heat-treated soybean
Oil seed meal 18 Soybean meal, linseed meal
Animal by-products 6 Dried whey, fish meal, skim milk, swine and poultry by-product meal
Others 18 Confection, calcium carbonate, animal fat, calcium phosphate, salt,
fructooligosaccharide, silic acid, cultured paenibacillus, yeast for feed,
citric acid, tartaric acid, lactic acid, malic acid, sepiolite, feed additives
For piglets 1 Grains 74 Corn, rice
Oil seed meal 20 Rapeseed meal, soybean meal, corn germ meal
Others 6 Confection, calcium carbonate, animal fat, salt, calcium phosphate,
vegetable oil
For piglets 2 Grains 75 Corn, wheat, rice, milo
Oil seed meal 21 Soybean meal, rapeseed meal
Brans 1 Wheat bran, distiller’s dried grains with solubles
Others 3 Animal fat, calcium carbonate, calcium phosphate, salt, licorice root extract,
stevia, feed additives
For fattening pigs 1 Grains 73 Milo, wheat, rice, cassava, barley, heat-treated milo
Brans 7 Rice bran, corn gluten feed, wheat bran
Oil seed meal 6 Soybean meal, rapeseed meal, corn germ meal
Others 14 Confection, calcium carbonate, molasses, calcium phosphate, salt,
bakery yeast, feed additives
For fattening pigs 2 Grains 80 Corn, rice, wheat, milo, barley
Oil seed meal 15 Rapeseed meal, soybean meal
Brans 2 Rice bran, corn gluten feed
Others 3 Calcium carbonate, calcium phosphate, animal fat, salt, betaine, vegetable oil,
yucca extract, quillaja extract, silicic acid anhydride, vermiculite
For fattening pigs 3 Grains 72 Corn, milo, wheat
Oil seed meal 21 Rapeseed meal, soybean meal, corn germ meal
Brans 4 Corn gluten feed, distiller's dried grains with solubles,
Others 3 Animal fat, calcium carbonate, salt, confection, vegetable olil, silicic acid,
calcium phosphate, molasses
For boar pigs Grains 64 Corn, rice, wheat, milo
Oil seed meal 19 Rapeseed meal, soybean meal
Brans 12 Wheat bran, corn gluten feed, distiller's dried grains with solubles, rice bran
Animal by-produts 1 fish meal
Others 4 Molasses, calcium carbonate, calcium phosphate, salt, lignocellulose,

alfalfa meal, feed yeast, lactobacillus, dry yeast cell wall, bentonite,
saccharomyces cerevisiae yeast, ascophyllumnodsum, diatomaceous earth,
milk thistle extract, chicory extract, animal fat
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Table 2  Amino acid standards used in the present study

Amino acids Manufacturer Purity (%)
L-Cystine FUJIFILM Wako Pure Chemical 99.4
L-Cysteic acid FUJIFILM Wako Pure Chemical 99.8
L-Lysine monohydrochloride  National Institute of Advanced Industrial Science and Technology 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 names Substance names Pro(ri)zr)tlon

Amino Buffer Na-LG 1st  Ultrapure water <80
Ethanol 15
Citric acid monohydrate <5
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1

Amino Buffer Na-LG 2nd  Ultrapure water <90
Citric acid monohydrate <5
Trisodium citrate dihydrate <1

Sodium perchlorate dihydrate <1

Amino Buffer Na-LG 3rd  Ultrapure water <95
Citric acid monohydrate <1
Trisodium citrate dihydrate <1

Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 4th  Ultrapure water > 98
Sodium hydroxide <1

9) KGR
St A & LT, Amino Reagent Na-LG (Hypo Reagent) (HARZE#) %, KIS B & L
C, Amino Reagent Na-LG (OPA Reagent) (HAZ3EH) 1000 mL 12, =% / —/v (HADK
B, OB 99.5 %) 10 mL TEMN LA R Z X AT AT K (ARG, M 99.0 %) 500
mg xREMA THB LD EFER L. KIGRIZHER L7380 IZ DU TlE Table 4 12
RLTC.

Table 4 Compositions of the reagent used in reaction solution

Reagent names Substance names Pro(plzr)tlon

Amino Reagent Na-LG (HYPO Reagent) Ultrapure water > 95
Boric acid <2
Sodium hydroxide <1
Sodium hypochlorite <0.1

Amino Reagent Na-LG (OPA Reagent)  Ultrapure water > 05
Boric acid <2
Sodium hydroxide <1
Brij-35, 30 % Solution <0.5
3-Mercaptopropionic acid <0.5

23 REKAOER
1) Byfet © ZM 200 Retsch 8 (HB&E 1 mm 227 U —>, ffKFEIEEL 14000 rpm)
2) EEEIEEHE  US-02 = A=XT ¢ H



20 SEMITSEER S Vol. 49 (2024)
3) AT T2 7 40— Millex-LH ({Lf2 0.45 pm, [E£ 25mm, #HKME PTFE) Merck
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Table 5 Operating conditions of automatic amino acid analyzer
Detector Fluorescent detector (excitation wavelength: 345 nm, fluorescent wavelength: 455 nm)
Separation column AApak Na-LG (6.0 mm i.d. x 50 mm, 4 pm), JASCO
Ammonia removal column  AECpak Na-LG (4.6 mm i.d. x 35 mm), JASCO
Mobile phase Ist (hold for 1.5 min) — 0.5 min —1st—2nd—3rd (44:5:1) — 1 min —
2nd—3rd (24:1) — 11 min — 2nd —3rd (41:9) (hold for 8 min) — 10 min —
2nd—3rd (1:1) — 5 min — 2nd —3rd (1:4) — 5 min — 3rd (hold for 5 min) —
0.1 min — 4th (hold for 0.9 min) — 0.05 min — 1st (hold for 21.95 min)
Reaction solution Solution A—solution B (1:1)
Solution A: Hypo Reagent
Solution B was prepared by adding 500 mg of ortho-phthalaldehyde dissolved in 10 mL of
ethanol to 1000 mL of OPA Reagent.
Flow rate Mobile phase: 0.5 mL/min, Reaction solution: 0.5 mL
Column temperature 60 °C
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A fixed amount of sample (200 mL evaporator flask)

——added 25 mL of hydrogen peroxide-formic acid (1:9), plugged evaporator flask

—— left overnight (0~4 °C)

——added 0.84 g of sodium disulfite and stirred for 5 min

——added 50 mL of phenol added 6 mol/L hydrochloric acid, plugged evaporator flask with cooling tube
——heated for 24 hours in oil bath (115 °C)

Rinsed sample solution with 0.1 mol/L hydrochloric acid after cooling (250 mL volumetric flask)
——filled up with 0.1 mol/L hydrochloric acid

——filtered through a filter paper (No. 5A of JIS P3801, receiver: 300 mL Erlenmeyer flask)
2 mL of sample solution (50 mL evaporator flask)

——evaporated to dryness under 40 °C

——dissolved in 2 mL of pH 2.2 sodium citrate buffer

—filtered through a membrane filter (PTFE 0.45 pm)

Amino acid analyzer

Scheme 1 Analytical procedure for methionine assay in feed (non-spiked sample)
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Fig. 2  Calibration curves of cysteic acid, lysine, methionine sulfone and threonine
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Fig. 3  Typical chromatograms of standard and sample solution
(Operating conditions of automatic amino acid analyzer are shown in Table 5.  Arrows
indicate the peaks of 1: cysteic acid, 2: methionine sulfone, 3: threonine and 4: lysine.)
A: Standard solution (20 pg/mL, A-2 and A-3 are enlarged views of portions of A-1.)
B: Sample solution of formula feed for piglets (B-2 and B-3 are enlarged views of portions of
B-1.)
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3.3 OFATHS B e 3R AABR
FIRB R AEGETE | KORKIEE A GRTE 3 2 24 ICt> CTERE L, MIELEEE RO,
ZORERIT Table 6 D& BV, FKREBMBGE L 1 TIX, ¥ AF AT DV THER UK E 348 X
¥R (RSDy) & LT 3.1 %, Uiz oW T RSD, X 22 %, AF A =11Z2\T RSD; IE
32%, MLA=IZDWTRSD:IE 2.4 %, WKIEEMBELAEE 3 TiX, ¥ AF 22T RSD;
1227 %, VP20 T RSDIE2.8%, AFA=1220TRSDIE29%, FLA=2iZon
T RSD: 1T 3.1 %D RAE G H vz, TS IXETR T IERIHE 2 ORBRIE D Z Y iR A FF
A2 (AP TZYMHERTA RTA ] L), ) IZEDLNTZ DR D)OFHTHEE O HEEE %
W TRERThH T,
) KEE (FBRERARAEE 1) O AF L 48 %LUT, VI 4.0 %L F, AF4H=249%
DI, FLA=r44%LTF
2) KiE (ABRIEERRAEE 3) S AF L 48 %LLT, UYL 43 %UT, AF 4= 47%
LR, PLA=r44%LLF

Table 6  Repeatability of cystine, lysine, methionine and threonine

) . For piglets 1 For fattening pigs 3
Amino acids 5 b
Content? (%) RSD,” (%)  Content? (%)  RSD,” (%)
Cystine 0.278 3.1 0.305 2.7
Lysine 0.937 2.2 0.637 2.8
Methionine 0.255 3.2 0.344 2.9
Threonine 0.569 2.4 0.504 31

a) Mean (n =5)
b) Relative standard deviation of repeatability

3.4 WINE SR
252X 0 IRMENGRER 2 Fh L7-. T ORI Table 7 © LBV, TIKE KA AR 1 Tl
YR HE K N RSDAZZNZE L, Y AF D3 902 %N 1.2 %, VU105 %N 1.4 %, A
FA=U N 83T %HO1.0%, hLA=228102%&L 1.7 %, AKRIES AEAEE 3 TIEEyE
WHRKRSDITENZEI, YAF U989 %KN1.T%, VTN T88 %M TN1.9 %, AFA4=
Y105 %KL TN 2.1 %, PLA=20 921 %K 1.5 %ORAENF O, TS IEZ Y R T
A RTAZED DBV D3)DOHEEKROGATHE O B EAZ R TR Th o 7.
1) EFE 70 %L E 120 %20 T
2) KEE (FHRBERABAER 1) @ v 2F 2 42 %LU T (E&ME 0.681 %) , U 3.5 %LUTF
(F257%) , A*FA=243%LLTF (J71 0.646 %) , LA =237%LLT ([d 1.72 %)
3) HE (AKREEHESEE 3) v AF 2 43 %LLF (EREE 0.646 %) , VT2 3.7 %LLF
(F157%) , AFA=242%LLF (A1 0.714%) , FLA=239%LLTF ([A 1.15 %)
nB, BHonleru~x 877 ADO—Hl% Fig. 4 IR LTz,
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Table 7  Recoveries for cystine, lysine, methionine and threonine

For piglets 1 For fattening pigs 3
Amino acids  Spiked Blank  Recovery”  RSD,% Spiked Blank  Recovery” RSD/,?
level (%) leveP (%) (%) (%) level (%) leveP (%) (%) (%)
Cystine 0.448 0.279 90.2 1.2 0.336 0.317 98.9 1.7
Lysine 1.57 0.914 105 14 112 0.680 78.8 1.9
Methionine 0.448 0.272 83.7 1.0 0.336 0.364 105 21
Threonine 1.12 0.583 102 17 0.672 0.528 92.1 15

ayn=1
b) (mean of five samples — blank level) / spiked level x 100

c¢) Relative standard deviation of repeatability
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Fig. 4 Typical chromatograms of standard and spiked sample solution
(Operating conditions of automatic amino acid analyzer are shown in Table 5. Arrows
indicate the peaks of 1: cysteic acid, 2: methionine sulfone, 3: threonine and 4: lysine.)
A: Standard solution (10 pg/mL)
B: Sample solution of formula feed for piglets (spiked at 0.44 % cystin and methionine (as
2.4 pg/mL in sample solution), 1.44 % lysine (as 8.4 pg/mL in sample solution), and

0.94 % threonine (as 6.0 pg/mL in sample solution). B-2 and B-3 are enlarged views of
portions of B-1.)

4 FEH
KRB AR O A F A =025 T, BFEmAUICL Y A F A= 2R CiBb L%, &
BN 53 8 % AT O 3 I iE D EIEM AT FE~DIEH O A IO TR T L &bz, v AF2, U
VUK ML A= EORIBEEREE LTOEAEZIMTL TR LIZEZ A, UTORERE LN
7=.
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1) BMEHRIIATA U, VP2r, AFF=U ALK KRR LA =0E LTERAER 1-20
pg/mL FHY & (FEAR S LT 0.01~0.2 pg AB4 &) O#iPH CEEMEEZ R L.

B, YHmBROBEHMEIT, > AF % 0.0398~0.796 %, U P % 0.0560~1.120 %, *F
F =% 0.0461~0.922 %, kL 4 => % 0.0560~1.120 %5 A9 5 53 Hr skl 2 ARIEICHE VIR L
TR TP O T R FRIRFE SIS Y T 5.

2) BHABLEEGIEHZOWT, RIEIIE->TH N7 a0~ T T AZEFAT A= ALK EER
LE—IBHERINTTw, E—J 2|EICHOFILEAMTERT L I L L. VAT A VR,
VOV KRR A=A OWTTRIRMEZ T 5 E— 27 1380 b o 7.

3) THRE A ELGEE X O IKIEE M il & 8k 2 RIEICHE > T 5 mMTHaH L, Mok URE % K
Wil ZA, HUEMRITA RTA NTED DN IHMTHE O B EZ - TR RN E b,
4) FRBE AR OCHEKIEE A EFEHZ DWW T, SO AT ICE D 6 A 72 B 554w KR i
BEIR OB/ NED 2IERREDLAF L, VP, AFF= KRN A=ZRINL, KRIECR
STE AT 2 E L, BEIER OB UIGEZRDIZE A, ZUMWMERT A RT7 1412

D ST EE R OO TRE O BEME 2T - T ENE LN T-.
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