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Abstract

For the complete and accurate amino acid determination of protein and food samples, 3 different
hydrolysis procedures have been conducted in parallel for each sample, which include the alkaline
hydrolysis for tryptophan determination, performic acid oxidation prior to the acid hydrolysis for the
determination of cysteine and cystine, and the 6N HCI hydrolysis for the determination of the rest
of amino acids. In the present study, amino acid concentrations obtained from the modified single hydrolysis
procedure were compared with the values from the conventional hydrolysis procedures in casein and
nine food and composite dish samples. In most of the samples tested, the modified single hydrolysis
procedure gave significantly higher values of cysteine and cystine compared to the performic acid oxida-
tion method, but resulted in a considerable destruction of tryptophan in food and composite dish samples.
There was no consistent difference in the rest of amino acid concentrations between the two hydrolysis
systems. Therefore, for complete amino acid determination of various foods and composite dishes,
the single hydrolysis method may replace the 6N HCI hydrolysis and performic acid oxidation me—
thods, and thereby reduces 3 hydrolyses to 2 steps with much higher recaveries of the sulfur containing
amino acids.
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5.7~58ml¢] 7N NaOHH4-1& H7}ete] 7k5-2 82
2] pHE 4 & £3847] 32, tH4] AN methanesulfonic acid
T IN NaOH&-H & ok7hy A rlebed pHE 68~7.2
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Moore=} Stein(2)¢] 6N HCl 7}=#3] #bg-¢ 34}
of Abgalgrl &, 16mg2] A4-§ FHrals AlEe
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Table 1. Percentages of nitrogen and protein of casein
and various food samples

Samples % Nitrogen 9 Protein
Casein 14 8756
Beef 11.2 70.0
Beef liver 101 62.8
Mackerel 8.4 52.8
Seahass 79 49.4
Soybean sprouts 6.7 1.6
Chicken stew 6.5 40,6
Zucchini tempura 298 186
Cookies 093 5.8
Cocoa mix 33 209
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Table 2. Percentage recoveries of cystine and cysteine
as S-—-sulfocysteine from pure cystine, cysteine
and glutathione

cysteine© 2 g o] ¢k 97~101%2] L H5EE
HgcH{Table 2). 433 = 213 gluathione?] 7+
glutamic acid®} glycine] 3] 44§- 9 4] 97.3~99.29% A}
o} uwj$- ckabelch o|oh 2L Avbe £ ATl A
4.3 AR gy sl Z2A A cysteine™ cystine
o] s3] 7} # 28hH 455 A AFa Tz Aol ahlct
{Table 2).

6N HClE Al4-3)o 7hpia] sl 735 cysteined
cystine2 ion—exchange chromatography <4 &3 ¢]
o] & cystine oxide 2 AEE B ol ]2l cysteines] A
%-7} proline™ 34| ion-exchange column-£ =%
Al 22 Z2 prolinee] A Al Wl =4 H7E= o
Heol gloh(29). o| g} A& 2AE sl dslkr| 45 per-
formic acidE A28l cysteine = cystine$ jon-ex-
change column®l] A o} o}v] xabel of 8- w] =] A] gb
T 87} 715 cysteic acid= 4H8HA] 7] F Al
a5 w0 A 2 ol 24,10}, performic acidel
o8] AvFekn) tyrosine, histidine ¥ tryptophan £
Zo olu|yAbe] St s 02 o] Wby AT A F B
= olulip At A kol A gt wbde] =A) K3k 8l
o}, §h8, Inglis®}t Liu{l1)}E 6N HCL 73] 221 ol
A] dithiothreitol®} tetrathionate® wHA4 & = AR
o 2 Juljalsd g1l = 2| 52 cysteine} cystines S5-
sulfocysteine & & A A YL 4= 25 Al
aFshed 414 FhpEs] =AAA Fhsbebr 410 A
HEale] Fleghe 3222 A A)Eke]t) S-sulfocysteine
-2 jon-exchange chromatographyel 4 aspartic acid
B} Ak e] o] 73al7] bl o] il 2f 15164 5=
A4 columng mhve A =5, ek ob B ofpr] e
Abe] 2alof] A %2 v A g AbdE AN

chalzl=galet MEXCl 7iEd YWyl H|n

EHH CH4EAE

el 7l g AF)A Y AR E WA 1 E
4] vl of] 2] 9 FhA elE FheRa] A 7] F obe] et
g A F 4547} Table 3¢ A AF 3 gloh T4
7HEEs] vhg-& Al4-% 7 performic acidell 2]
Aat-s A% 3 FeRaete] dL gtell vlEl &
cysteine §H8(cystine® £ % methionine #eFe]
EA Jeld A g ngoal A8 FojAal A
o]i= ol elt}. E3| cysteine TF H$ AEFHal b
W ol wls] bR whd el o 40% X E2

% Recovery
S-Sulfocysteine  Glutamic acid  Glycine

Cwstine 96.5+3.6 - -

Cvsteine 97723 - -

Glutathicne 899.1x47 98.8+2.1 §9.2+13
(reduced)

Glutathione 101,147 g7.3£1b 0R9=2.0
{oxidized)

Values are mean®SD of three analyses

Table 3. Amino acid concentrations of casein treated
by two different hydrolysis systems: A-sin—
gle hydrolysis method and B—conventional

methods
Amino acid Hydrolysis method t—value
A B
mg amino acid/g nitrogen
EAA
Thr 304+23 20532 0.46
Val 498 +37 447+32 -0.78
Met 20913 189+14" 200
Iso 350+ 6 3B6E27 -0.43
Leu 623130 614529 0.43
Phe 332+21 351+23 -122
His 07+14 199410 0.3
Lys 54038 53125 038
Trp 80+14 118+31% -2.24
NEAA
Cyst” 42+16 J0+9” 1.31
Asp 474+22 456223 0.50
Ser 36814 384130 -1.00
Clu 136171 1334 £ 17 0.74
Pro 719+51 753487 -0.67
Gly 130+ 11 128+12 025
Ala 21011 M6+ 11 051
Tyr 352+34 396+25 -0.18
Arg 262126 253+23 052
N-rec” 102569 98’59 0.82

Value are mean*SD of 4 hydrolyzates
"Data from methionine sulfone(performic acid oxidatior)
¥Ngta from the alkaline hydrolysis
¥Cysteine +cystine
PData from cysteic acid(performic acid oxidation)
"Nitrogen recovery: mg total amino acid nitrogen/g ni-
trogen

e BAsdE geta BAH H24E BelA
A ol g TRAASL 38 =27 fEU BHLZ AL
#3c} uhe Fia el e Db AR A 2eAl
tryptophan®] g Al Aol 2 3k 2ot
whoba] kel 7R e 4] < 3295 A %2 tryptophane] ¥
#5e]7) HoZ vehg o} o] BARLR Fe]Hd



426 uh e 4

$:302- a9}, L 019] 2] opm] e Abe] T o] = hal
Fha2-ohel BN HCIS AHBat FhEea b 2bol o5
2% o) 2 molvh, AHH Al FlE R F QoA
RE oplabate] A2 YabE Haje] Ak 25 mg
total amino|acid nitrogen/g nitrogen)<- 243 A}, &
%ﬂ—’ﬁ%ﬂllﬂ’r AEA ] Flpia] Aimol A Zh] 1025
952} 98.89’?—"4 e L7 ¢S By
Tryptoplhani’l indole side chain& At &7 of| 4
£ BerA3lr] o) ol 6N HCLE AHE3he] b & 7}
SR A S Aol 5ol A o, 53] A Rol
Aeke] Bl FH=e19+ 73-+ tryptophang] ==
7} v 7hE g o] BaE vl ol oh(3). whaba] B
9] tryptophan #8& A FR 7| A4 = B4
©2 2T A48 A Eaei, duel 27
A AEL Gule] Al o) uhegto.za ¢3s u
L) e} sl Ao 425 AA XA oln] iHe
AEE Yol FE R ARAE A o2 48 9]
o}(3). g9 A4 Fhpis] =2 oA tryptophan®] oF
A& E7] $13 thioglycolic acid = tryptophan
# F27} gl sl e A F ik e
= 2286 2 4 tryptophan?] 33§ wholF= 3-(2-
amino—eth!yl) indele(tryptamine)®t Z-E& XE3AES
A4 o2 9A 99 tryptophan 3148
F4= 9l 4ol s ul 9lek(12-15). ¥ APl
tryptophan®] S84 Hastshr] 915 Abshale] 4t
B} kgt r!nethanesulfonjc acid & AH-3hgl o, try-
ptophan BEA 2 tryptamine-2- 0.2% ¥4 2 A 71
A A 2 P d7he A A4 of A g oF
0%l %%l}‘e tryptophan 3585 dgir} o)8) 2
AoH A3 APASo] w25 ZA A lysozyme, cy-

|
tochrome C % bovine deoxyribonuclease AS H| &3t

cere) Al s 7HRalsho] 50% S tryp-
tophan 3] 5-&¢ AgIrhE 13(13-15) Brhs e

Sz bii=

CIaEE AET 3 Eelsailz

#377], 147 28, 3o, 2 FHEARE Y4
Z gdrlrd A 34 speid -
AR FF 71 o) e AE Bke] Ape) & B A
B Table 4ol A A =] gt 4 Al 7ol hale] 3
FhE s o) 3A A i S Ar] 484 A st
o B FELAT Fogich 2E A FA R 3l
A S-sulfocysteine 2 2 A #E) o] 245 cysteined}
cystine®) %2 performic acidell 217t 4H#431 S 7
# cysteic acid2 243 gt ¥} 43(2] 27)) ~832%(x
W AR A Velto ], §3] 42H83% F7h), Fol

1=

Table 4. Differences in the amino acid concentrations of
varions food samples obtained with the single
hydrolysis method and conventional hydrolysis

procedures
Amino t-value!
acid  Beef Efgf Mackeral Seabass Sﬁ‘éﬁ?ﬁ
EAA
Thr -067 -152 -517"  -576"  -3.80™
Val 115 -0.36 071 -1.56 -291"
Met? 233 527 230 38 056
Iso 0.04 047 -1.84 -0.72 -3.06"
Len 506™ 115 -1.66 0.53 -3.17

Phe 462" 4477 042 133 -034
His 21 229 -3.42° 035 -660™
Lys 484" 4107 0.73 049 -126
Tre® _ _ _ _ _

NEAA

Cyst? 220 824™ 229 285" 320
Asp 2627 055 413" 162 211
Ser -3800 -335° 052 @ -246° -2.38

Glu 349" 076 0.77 368  -375"
Pro 010 082 170 -137 332
Gly -115 -045 009  -339"° 175
Alz 305 -193 1.79 464" -2.09
Tyr 089 278 -353 -112  -116
Arg 210 082 0.9 191 203
N-rec® 214 L#4 0.23 0.98 0.07

U Positive t-value means that the values of single hydrolysis
method is greater than those of conventional procedures
and vice versa. t-values were obtained from mean=SD
of 4 hydrolyzates of two hydrolysis procedures

? Data from the single hydrolysis method was compared
to the data from methionine sulfone(performic acid oxi—
dation)

3 Tryptophan peak was not detected on the ion—exchange
chromatography after single hydrolyses of the samples

9 Data from the single hydrolysis method was compared
to the value from cysteic acid(performic acid oxidation)

9 Nitrogen recovery: mg total amino acid nitrogen/g nit-
TOgen

*Significantly different by Student’s t-test at p<0.05
*Significantly different by Student’s t-test at p<0.01
“*Significantly different by Student’s t-test at p<0.001

(60% 7P} B2 A R68% F7hel A f-23e &
742 33}, Methionine 32 oA stelzleis] & 4
A%t % performic acidel 2) 3 methioninesuifone 2.2
ARAA SA7 7 Bk H1r], 25, ol 2 TE
A gzl 4 5~58% AL o Ehor 53] £7HRM &
H3t Fe) A B(22% F7hel A Fo M2l Ae)E B
t}. fLeolbw] 14t & phenylalanined} lysine §=F 9 A
72 A A 6N HO 7hEa b &
214} gt B} 2 mr)9)h SatelA 10~22% A% o ¥
Al vhehgk et p<0.0D), o A2 el E dEF
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T op gk 1 o] #]2f ofv] iAte] 3l = dd
7}4—#&1}9} 6N HCl-E AHE-RE 7Hp 28l Wby bl =f5-
2t Ao & Bk A QLS 7R gl 3 desl

15 o}l v e A4k2] Al A S vsle] A A H5E(mg
total amino acid nitrogen/g nitrogen)& 23§ A3, w
drprda o} A E5H ] PR AlmleA 7] 1025
%%} 08.8%% ©f$- % 5L ngrl

Tryptophan®] indole side chainS 443 =2 ¢l 4] )
$ BobA 8br) o o] 6N HCl-& AH8-8}o] szl & 7}
TR E= A Adape] galE o9, B3] A 2o
Feke] Al e] §5=E45)le 7% tryptophan®] 747
7} 6] 8- 713k gl o] Bl ul g eh(3), whaka] g
4] tryptophan ¥-& Ak 87| Sl B4
2.2 otatelg A48 Al sl e, gdae] #7
oA HE-E B9 biel dhegte 2 os)E
S et 9le e ARE AAAA ofr| ety
4Elg ol =R T EAE AE 2o w deA gl
oH3). T4, 444 7l 2A A tryptophans] gt
AA L Fo)7] 9+ thioglycolic acid == tryptophan
 F27Fulgato] speis 3 F A4 B Bl
7} A8ghe 24 tryptophan®] J7]-F TolF= 3-(2-
amino-ethyl) indole{tryptamine)® &S 23 A &L
Hriazl o2 A A Al tryptophan & S|
AdE A Ee] X vl gloi(12-15). & |7l
tryptophan®] =85 HA-83517] 94 43l 4t
R} kg methanesulfonic acid2 AH&3hsden, try—
ptophan B A £ tryptamine-® 0.2% 74421 25} 5}
A al st 2 56 grlelA ZhgRa) ¢ 2 g 3o of
7096 &5}+= tryptophan 3| &2 A}, o] #} 22
A= A3 QFAEe] uls3t &2 o) 4] lysozyme, cy-
tochrome C % bovine deoxyribonuclease AS ] £%
g AA) A g AeEElEe 9006 AR tryp-
tophan 352 dgdrhe X (13-15) ®Bopes W2
e b

Cleket MEF 9 SEia4AE

& 37], &7}, a5, Fol, ¥ i‘-}fﬂi— e
2 ddrlEEs) AEHY 344 7l LA
AARE S F Fahe] olm Atk ko] Afe]F Yl A
7} Table 4] A A= i} 2} A 5ol dz}e] w1y
el o A FlE 3 Wbl & 2Hr) 444 A 3E]
of FE} B AE Tk RE A FA R A
A S-sulfocysteine®. 2 A#E o ZAH cysteine™}
cystine®| $%-& performic acidel] £ ¥} AH} 1A -& A
A cysteic acid= 249 3t 2} 43(3 7)) ~ 83264
Zh Ax o 4 Jepdon, 58 A27H83% F71), 5

Table 4. Differences in the aminoe acid concentrations of
various food samples obtained with the single
hydrolysis method and conventional hydrolysis

pracedures
1}
Amino t—value —
i Beef oyhean
acid Beef liver Mackeral Seabass sp¥0uts
EAA
Thr -067 -1.52 -517"  -578T  -380"
Val 1.15 -0D.36 0.71 -1.566 -2.91°
Met? 233 522" 230 383 056
Iso 0.04 047 -1.84 -0,72 -3.06

Les 5.06™ 115 -166 093  -317
Phe 462" 442" -042 139 -0.34
His 215 229 ~342 035  -660™
Lys  4834™ 410" 0.73 049  -126
Trpa) _ _ . _ _

NEAA
Cyst® 220 834™ 229 28" 320
Asp 262 055 -413 162 -2l

Ser -360° -325"  -052 -246° 238
Glu 349" 076 0.77 368" -375"
Pro 010 -0.82 1.70 -1.37 332
Gly -1i5 -045 0.09 -336° 175
Ala 305" -193 1.79 4647 -209
Tyr 069 278 -353° -L12  -116
Arg 210 082 0.69 191 -2.03

N-rec® 214 1.4 0.23 0.98 0.07

b Pogitive t-value means that the values of single hydrolysis
method is greater than those of conventional procedures
and vice versa. t-values were obtained from mean+SD

, of 4 hydrolyzates of two hydrolysis procedures

¥ Data from the single hydrolysis method was cortipared
to the data from methienine sulfone{performic acid oxi-
dation)

¥ Tryptophan peak was nat detected on the ion-exchange
chromatography after single hydrolyses of the samples

¥ Data from the single hydrolysis method was compared
to the value from cysteic acid(performic acid oxidation}

5 Nitrogen recovery: mg total amino acid nitrogen/g nit-
rogen

“Significantly different by Student’s t—test at p<0.05
“Significantly different by Student’s t-test at p<0.01
"*Significantly different by Student’s t-test at p<0.001
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