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

DOI Yugo® and YAMAGAMI Yohei*

(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

We have researched a determination method of amino acids (cystine, lysine, methionine and
threonine) in formula feed generally used by feed-related companies. Based on the research results,
we have further conducted preliminary study to develop a determination method of methionine in
formula feed for pigs.

In the performic acid oxidation method, methionine sulfone was quantified as following: Methionine
in a sample was oxidized to methionine sulfone with performic acid solution. 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, methionine sulfone in the sample
solution was determined by an automatic amino acid analyzer. In the hydrobromic acid addition
method, methionine sulfone was quantified as following: Methionine in a sample was oxidized to
methionine sulfone with performic acid solution.  The sample solution was added with
hydrobromic acid to decompose performic acid. After that, methionine sulfone in the sample
solution was determined by the same preparation as performic acid oxidation method. In the
simultaneous analysis method, methionine in a sample was pretreated according to the simultaneous
amino acid analysis method, listed in the Feed Analysis Standard of Japan.

Consequently, the performic acid oxidation method resulted in the higher measured value of
methionine compared to the simultaneous analysis method. On the other hand, the hydrobromic acid
addition method did not bring about the higher measured value of methionine compared to the
performic acid oxidation method.

Key words: amino acid; cysteine; lysine; methionine; methionine sulfone; threonine; automatic
amino acid analyzer; formula feed for pigs
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DL-Methionine Methionine sulfone
NH- 2 0
(S)-2-Amino-4-(methylsulfanyl)-butanoic acid 2-Amino-4-methanesulfonylbutanoic acid
CsH11INO2S MW: 149.21 CAS No.: 59-51-8 CsH11NO4S MW: 181.21 CAS No.: 820-10-0

Fig. 1 Chemical structures of methionine and methionine sulfone
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Table 1  Compositions of the formula feed

. P rti .
Formula feed types Ingredient types ro(](a;)) on Ingredients
(V]
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,

citrict acid, tartaric acid, lactic acid, malic acid, sepiolite, feed additives

For growing pigs  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 pork pigs 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, wheat bran
Others 14 Confection, calcium carbonate, molasses, calcium phosphate, salt,

bakery yeast, feed additives
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3) EERLAKFEK « FRRIAHK
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Table 2  Compositions of the mobile phase

Mobile phase name Manufacturer Substance name PI‘O(I;ZI‘)UOH
Amino Buffer Na-LG 1st  JASCO Corporation Ultrapure water <80
Ethanol 15
Citric acid monohydrate <5
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 2nd JASCO Corporation Ultrapure water <90
Citric acid monohydrate <5
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 3rd  JASCO Corporation Ultrapure water <95
Citric acid monohydrate <1
Trisodium citrate dihydrate <1
Sodium perchlorate dihydrate <1
Amino Buffer Na-LG 4th  JASCO Corporation Ultrapure water > 08
Sodium hydroxide <1
Table 3  Compositions of the reagent
Reagent name Manufacturer Substance name PI‘O(I?)ZI;IIOH
Amino Reagent Na-LG JASCO Corporation Ultrapure water > 95
(HYPO Reagent) Boric acid <2
Sodium hydroxide <1
sodium hypochlorite <0.1
Amino Reagent Na-LG JASCO Corporation Ultrapure water > 95
(OPA Reagent) Boric acid <2
Sodium hydroxide <1
Brij-35, 30 % Solution <0.5

3-mercaptopropionic acid <0.5
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Table 4  Operation 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 1st (hold for 1.5 min) — 0.5 min — 1st—2nd—3rd (44+5+1) — 1 min —

2nd—3rd (24+1) — 4 min — 2nd—3rd (22+3) — 8 min —2nd—3rd (41+9) —
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) — 0.5 min — Ist (hold for 18.5 min)

Flow rate Mobile phase: 0.5 mL/min, Reagent: 0.5 mL
Column temperature 60 °C
i FF 5
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A fixed amount of sample (vacuum reaction tube)

——added 5 mL of 6 mol/L hydrochloric acid, deaerated and inflated with nitrogen
— heated for 20 hours (110 °C)

Rinsed sample solution with water (50 mL evaporator flask)

——evaporated to dryness under 50 °C

——added 10 mL of water

——evaporated to dryness under 50 °C

Rinsed sample solution with pH 2.2 sodium citrate buffer (25 mL measuring flask)
l—ﬁ]led up with pH 2.2 sodium citrate buffer, filtrated through a filter paper (No.5A of JIS P3801)
Automatic amino acid analyzer

Scheme 1 Analytical procedure for methionine assay in feed
(simultaneous analysis method)
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A fixed amount of sample (50 mL evaporator flask)
——added 10 mL of hydrogen peroxide-formic acid (1:9), plugged evaporator flask
—left overnight (0~4 °C)
——added 1.6 mL hydrobromic acid, left in ice bath for 30 min (only hydrobromic acid addition method)
added a few drops of silicone oil, evaporated to dryness under 50 °C
——added 25 mL of 6 mol/L hydrochloric acid, plugged evaporator flask with cooling tube
——heated for 20 hours in oil bath (135 °C)
——evaporated to dryness under 50 °C
——added 10 mL of water
——evaporated to dryness under 50 °C
Rinsed sample solution with pH 2.2 sodium citrate buffer (25 mL measuring flask)
}—ﬁ]led up with pH 2.2 sodium citrate buffer, filtered through a filter paper (No.5A of JIS P3801)
Automatic amino acid analyzer

Scheme 2 Analytical procedure for methionine assay in feed
(performic acid oxidation method and hydrobromic acid addition method)
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Table 5 Measurement result of methionine
Methionine (%)

Formula feed types Simultaneous analysis ~ Performic acid oxidation Hydrobromic acid
method method addition method
For suckling pigs - 0.512 0.529
For growing pigs 0.203 0.325 0.308
For pork pigs 0.188 0.352 0.323
n=1
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Fig. 2  Typical chromatograms of methionine in standard and sample solution
(Operating conditions of automatic amino acid analyzer are shown in Table 4. Arrows
indicate the peaks of methionine.)
A: Standard solution 1 (12 pg/mL, 120 ng as methionine)

B: Sample solution of formula feed for growing pigs (Simultaneous analysis method)
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Fig. 3  Typical chromatograms of methionine sulfone in standard and sample solution

(Operating conditions of automatic amino acid analyzer are shown in Table 4. Arrows

indicate the peaks of methionine sulfone.)

A: Standard solution 2 (24 pg/mL, 240 ng as methionine)

B-1, 2: Sample solution of formula feed for growing pigs (performic acid oxidation method,

B-2 is an enlarged view of a portion of B-1 along the horizontal axis.)

C-1, 2: Sample solution of formula feed for growing pigs (hydrobromic acid addition method,

BN Z D ATF A= AV AR Lok, HEEINK 5 g %

C-2 is an enlarged view of a portion of C-1 along the horizontal axis.)
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