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ABSTRACT: In the present report, the effects of blanching, steaming, and high temperature/high pressure processing
(HTHP) on the amino acid contents of commonly consumed Korean root vegetables, leaf vegetables, and pulses were
evaluated using an Automatic Amino Acid Analyzer. The total amino acid content of the samples tested was between
3.38 g/100 g dry weight (DW) and 21.32 g/100 g DW in raw vegetables and between 29.36 g/100 g DW and 30.55 g/100 g
DW in raw pulses. With HTHP, we observed significant decreases in the lysine and arginine contents of vegetables and
the lysine, arginine, and cysteine contents of pulses. Moreover, the amino acid contents of blanched vegetables and
steamed pulses were more similar than the amino acid contents of the HTHP vegetables and HTHP pulses. Interestingly,
lysine, arginine, and cysteine were more sensitive to HTHP than the other amino acids. Partial Least Squares-
Discriminate Analyses were also performed to discriminate the clusters and patterns of amino acids.
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INTRODUCTION

Amino acids and their derivatives are significant bio-
chemical compounds that form the building blocks of
proteins, neurotransmitters, hormones, and nucleic acids
and play a major role in nutrition, medicine, and plant
protection. Among the amino acids, L-threonine (Thr),
L-valine (Val), L-methionine (Met), L-isoleucine (Ile),
L-leucine (Leu), L-phenylalanine (Phe), L-lysine (Lys),
and L-tryptophan are designated as essential amino acids.
The nutritive value of proteins is determined by the types
and amounts of amino acids they contain. Awareness of
amino acid content is important when assessing the pro-
tein quality of foods, determining protein structures, and
identifying essential and limiting amino acids (1,2).
Vegetables and pulses have been consumed as side
dishes in Korea and other East Asian countries since an-
cient times. Pulses are highly nutritional foods that have
a protein content of 20~35% on dry weight basis and
contain lipids, sugars, crude fiber, calcium, vitamin B,

and vitamin B; (3). Vegetables are also an important part
of a healthy diet; it is estimated that sufficient vegetable
consumption could save up to 2.7 million lives world-
wide (4).

Vegetables and pulses are typically marketed and con-
sumed in a variety of processed, rather than raw, forms.
They are easily available in fully- or semi-processed forms
such as easy-to-store instant foods; however, over-proc-
essing vegetables degrades their texture and destroys
the nutrients that vegetables contain. Hence, it is im-
portant to process vegetables in a less destructive and
more effective manner that maintains their nutrient con-
tent. During food processing, protein sources are affected
by a variety of factors, including heat, oxidizing agents,
organic solvents, alkalis, and acids (5,6). These factors
can lead to the desulfuration, deamination, and/or iso-
merization of proteins, which reduces amino acid levels
and affects the nutritive value of proteins (7). Thus, it is
essential to evaluate the effects of processing conditions
on the amino acid contents of vegetables and pulses.

Received 28 May 2014; Accepted 28 August 2014; Published online 30 September 2014
Correspondence to Jung-Bong Kim, Tel: +82-63-238-3701, E-mail: jungbkim@korea.kr

Copyright © 2014 by The Korean Society of Food Science and Nutrition. All rights Reserved.
@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Amino Acids Analysis in Korean Vegetables/Pulses 221

The field of amino acid analysis has grown rapidly
since Moore (8) successfully used partition chromatog-
raphy to separate amino acids. Recently, the development
of an automatic analyzer greatly improved the speed and
accuracy of amino acid analysis. The purpose of the pres-
ent study was to evaluate the amino acid contents of six
vegetable species (i.e., carrot, onion, garlic, crown daisy,
cabbage, and perennial artemisia) and four pulse species
(i.e., Daepung, Sunyu, Heukmi, and Cheongja 3) that
are commonly consumed as side dishes in Korea. The
vegetable species were processed by blanching or high
temperature/high pressure processing (HTHP), and the
pulses were processed by steaming or HTHP. The effects
of these processing methods on the amino acid contents
of vegetables and pulses were compared.

MATERIALS AND METHODS

Materials

Mature vegetable and pulses were purchased in three
Korean cities: carrot, crown daisy, cabbage, Daepung,
Sunyu, Heukmi, and Cheongja 3 were purchased in
Suwon; onion and garlic were purchased in Mokpo; and
perennial artemisia was purchased in Ganghwa, Korea.

Reagents and standards

All solvents were HPLC grade and purchased from
Thermo Fisher Scientific, Inc. (Bremen, Germany). The
amino acids mixture standard solution (0.1 mg/L), cys-
teic acid (98%), and 6 N hydrochloric acid (HCl) were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Methionine sulfone (98%) was pur-
chased from Alfa Aesar (Ward Hill, MA, USA). Hydro-
gen peroxide [30%, guaranteed reagent (GR)] and formic
acid (98%, GR) were purchased from Junsei Chemical
Co., Ltd. (Kyoto, Japan).

Sample processing conditions

The dried raw vegetables and pulses were blanched for
2~15 min at 90°C (3,5) and steamed for 20 min at
125°C, respectively. HTHP was performed with an auto-
clave (A100, Sejung, Seoul, Korea) set to 125°C for two
hours under hydraulic conditions (20 MPa). All the sam-
ples were lyophilized (LP-20, IIshin Lab Co., Ltd., Seoul,
Korea), and the freeze-dried samples were milled with a
domestic grinder and stored in a freezer at —60°C until
use.

Pretreatment of samples

Oxidation: For each sample, 10 mL of performic acid (1
mL of 30% H,0O, and 9 mL of formic acid) was added 30
mg of crude protein. The mixtures were incubated for 17
h in a refrigerator set to <5°C. After 17 h, each mixture

was evaporated to dryness under N, to yield an oxidized
sample (3,6-8).

Hydrolysis: 30 mg of crude protein from each sample was
hydrolyzed by adding 40 mL of 6 N HCI. Each sample
was covered with a N, blanket to prevent explosion due
to oxygen liberation. Then, the samples were incubated
for 22 h in an oven set to 110°C. After 22 h, the cold-re-
leased hydrolyzed samples were centrifuged at 3,000
rpm for 5 min, and 2 mL of the supernatant was col-
lected and evaporated to dryness at 70°C. Then, 2 mL of
sodium citrate dehydrate in water (pH 2.2) was mixed
with the dried sample, and the hydrolyzed sample was
filtered with 0.22 pum syringe filter with a hydrophilic
PTFE membrane (Advantec, Hyundai Micro Co., Ltd.
Seoul, Korea). The eluent was collected and stored until
analysis (3,6-9).

Amino acid analysis

A Hitachi L-8900 Automatic Amino Acid Analyzer
(Hitachi High-Technologies Corporation, Tokyo, Japan)
with a 4.6 mm (ID)x60 mm ion exchange column
(Hitachi High-Technologies Corporation) was used to
determine the amino acid profiles of the vegetable and
pulse samples. The following analyzer settings were
used for the analysis: buffer flow rate of 0.4 mL/min, re-
agent flow rate of 0.35 mL/min, reactor heater temper-
ature of 135°C, column temperature of 75°C, auto-sam-
pler temperature of 5~8°C, run time of 35.3 min
(sulfur-containing amino acids) or 56.3 min (all other
amino acids), sample injection volume of 20 pL, and de-
tection wavelength of 570 nm (proline) or 440 nm (all
other amino acids). Protein hydrolysate buffer set (PH-
SET KANTO, Kanto Chemical Co., Inc., Tokyo, Japan)
and hydrochloric acid (Wako Pure Chemical Industries,
Ltd.) were used as mobilephase solvents (10,11). A
standard amino acid mixture of cysteic acid and methio-
nine sulfone (20 pL/mL) was diluted to 100 umol/L for
amino acid quantification and calibration. An external
standard was used to calculate the concentration of each
amino acid. Amino acid concentrations are reported in

/100 g.

Statistical analysis
SIMCA P+ (version 11, MKS Umetrics AB, Umea,
Sweden), a multivariate analysis software, was used to
perform Partial Least Squares-Discriminant Analysis
(PLS-DA) and acquire Variable Importance in the Pro-
jection (VIP) data.

RESULTS AND DISCUSSION

The effect of different processing methods on crude pro-
tein content was analyzed in this study (Table 1). The
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Table 1. Average crude protein content and 30 mg equivalent of crude protein in root vegetables, leaf vegetables, and pulses

prepared by different processing methods

Average crude 30 mg equivalent of

Sample Processing method protein content (%) crude protein (mg)

Root vegetables Carrot Raw 4.08 7.36
Blanching 443 6.78

HTHP 4.24 7.07

Onion Raw 8.96 3.35
Blanching 9.22 3.26

HTHP 10.30 291

Garlic Raw 21.49 1.40
Blanching 23.72 1.26

HTHP 21.47 1.40

Leaf vegetables Crown daisy Raw 2437 1.23
Blanching 27.40 1.09

HTHP 24.88 1.21

Cabbage Raw 12.26 2.45
Blanching 13.50 2.22

HTHP 11.90 2.52

Artemisia capillaris Raw 13.24 227
Blanching 13.22 2.27

HTHP 15.32 1.96

Pulses Daepung Raw 34.54 0.09
Steaming 36.52 0.08

HTHP 36.12 0.08

Sunyu Raw 35.11 0.09
Steamed 36.73 0.08

HTHP 36.98 0.08

Heukmi Raw 3478 0.09
Steaming 37.89 0.08

HTHP 37.01 0.08

Cheongja 3 Raw 35.94 0.08
Steaming 39.05 0.08

HTHP 38.32 0.08

results indicate that the crude protein content of the
vegetable species tested varies widely (4.08~27.40%
protein), while the protein content of pulses is very con-
sistent (34.54~39.05% protein). Among the vegetables
and processing methods tested, the blanched crown dai-
sy had the highest crude protein content (27.40%), and
the raw carrot had the lowest crude protein content
(4.08%). Among the pulses and processing methods
tested in this study, the steamed Cheongja 3 had the
highest crude protein content (39.05%) and the raw
daepung had the lowest crude protein content (34.54%).
Young and Pellett (12) reported a mean protein content
of 36.5% in beans, 1.2% in cabbage, 1.0% in carrot, and
1.2% in onion. Similarly, Woo et al. (13) reported that the
mean amino acid content of beans was 40% (measured
with ion-exchange chromatography). The crude protein
and amino acid contents of the pulses (i.e., beans) ana-
lyzed in the present study are similar those reported by
others; however, the total protein and amino acid con-
tents of the vegetables analyzed in this study are slightly
higher than previously reported. The crude protein con-
tent of blanched vegetables and steamed pulses was
slightly higher than the crude protein content of raw
vegetables and pulses, and there was a large difference
in the amino acid content among each 30 mg of crude
protein.

In the present evaluation, the total amino acid content
of each of the raw vegetables and pulses was 3.38 g/100
g of carrot, 6.61 g/100 g of onion, 16.33 g/100 g of gar-
lic, 21.32 g/100 g of crown daisy, 9.02 g/100 g of cab-
bage, 11.30 g/100 g of perennial artemisia, 29.36 g/100
g of Daepung, 29.84 g/100 g of Sunyu, 29.57 g/100 g of
Heukmi, and 30.55 g/100 g of Cheongja 3. The total
amino acid content of each blanched vegetable was 3.82
g/100 g of carrot, 6.41 g/100 g of onion, 18.53 g/100 g
of garlic, 23.69 g/100 g of crown daisy, 10.27 g/100 g of
cabbage, and 9.50 g/100 g of perennial artemisia. The
total amino acid content of each of the steamed pulses
was 31.04 g/100 g of Daepung, 31.22 g/100 g of Sunyu,
32.21 g/100 g of Heukmi, and 33.19 g/100 g of Cheongja
3. The total amino acid content of each of the HTHP
vegetables and pulses was 2.78 g/100 g of carrot, 6.41
g/100 g of onion, 18.53 g/100 g of garlic, 23.69 g/100 g
of crown daisy, 6.94 g/100 g of cabbage, 10.64 g/100 g
of perennial artemisia, 30.70 g/100 g of Daepung, 31.43
g/100 g of Sunyu, 31.50 g/100 g of Heukmi, and 32.57
g/100 g of Cheongja 3.

With respect to individual amino acids, the aspartic
acid (Asp) and glutamic acid (Glu) contents of the vege-
tables were 1.3 g/100 g (12.1%) and 2.0 g/100 g (21.3%),
respectively, and the Asp and Glu contents of the pulses
were 3.7 g/100 g (11.8%) and 5.8 g/100 g (18.5%),



223

Amino Acids Analysis in Korean Vegetables/Pulses

15TE 976 65S ¥y vlel  vOZL  &9v 889 ST I8V Ly € 0TS /&l OVl SZS 468 96V dHIH

6lee 8V €S 1TY  vLLL v9LL 8€Y €98 LGZ S8V 86€  €¥E LY 0ZT  lrlL 199 €8 g4y Buweag

5°0¢ Ly Z€G  0ZY  S6LL bLLL SV 098 [ST Y8V 86€  [0€ S8V €T OVl L9 I8 é8¥ mey ¢ efbuoay)

05'LE 066 296 05y SO6L €LZL SOV &v9 84T 9LV 8Ty 95E 9GS WL ¥l 865 €58 L6V dHIH

kA SIS ¥ES 8y 0L'8L 08LL vy ¢€8 057 &Y Oy 8YE  S8v  vZZ  vEL  v99  [l'8 Ly Buweag

1567 LIS 1€ 0S¥ Lol /8Ll Ovy 978 ez  8S¥  OLY  yrE  S8¥ 08T /&L 0L9 98 YLV mey Iwsnay

erLe €S 196 IG¥  0Zel S0TL /8%  8¥9  8LT I8v  [Z¥ €€ TTS 8L WL 87§ 0S8 26V dHLH

e 06 OLv  Z€%  9LLL vrLL SSY  /F8 097 v8Y 907  €9€  66¥ LT OVl vL9  8€8 €67 Buwesis

86z €25 LTS vEV  998L LWLl vy WLl 8ST LUV 9LV LU L6V 1T OFL  SL9 96L 697 mey nAung

0/0¢ 9€'s &S 8vy 056l S6LL Y9V /8S LT w6V 8ZY  68€ GG vEL 0¥l S§G 198 00§ dH1H

vo'Le 6l'S  ¥ZS  6ZTv €S8l ISLL vy vSL  6ST I8V wlY  ISE vev  LL'Z  9€L L[99 0S8 28y  DBuwesis

9€°6z vI'G  8L'S 87y lvslL €9l sv¥  95L /ST I8V €Ly ISE v €T WL €L9 678 €8¥ mey Bundeeq sesn|d
v90L ¥8Y  1€9 €S 4GSL  Z8EL 0649 vy syl 9 S¥S  Z€€ €8S 080 LL'L 897  [G6 GG dHIH

05'6 8V €8S €S  €€¥L  6ZLL  SZ9  19S  0ZZ  9€9 WS [Z€  €EG 090 €60 LG8 /€6  [0G  Buyouelg  eisiwsie

0c'LL l9v 086G  60G 8yplL  96ZL 985 085 9T vL'9 1gS €€ /TS /90 890 08 488  €8¥ mey [eluus.ad

769 96 Ol'S  80S 00ZZ L9OL Ov8 99l  I€Z 999 €06 ZZ€ v 9T LLL ST Sv8 86V dHIH

[zol lev  ¥9€  wLv  1GSZ 180l 8vSs 885 vz 0SS W€V T €€ S8l WL vyl 29 €4 Buiyueg

206 S6v  SS€ €0 Ll9Z /0L 8LS 065 0LT SIS €Z¥ €T 95€ 8L 6FL  SL'L w9 Z8¢ mey abeqqe)

910z Y WS 99 S9¥L 8YLL LZL 0¥ ¥TT 989 LTS 6FT  T§9 S0 €L 89€  L¥OL  LLS dHLH

69°€T Yy 97S 946G weZL OLOL  EV9 609 6T L9  60S  OLT  LLS €L L€l L6L  l66 (TS Buyoueig EEIEETEN
€l 8y /LG 088G 80FL OZLL vZ9 909 ¥OE  vZ9 €0S  ¥8L  99G /(€1 ZZL 808 056 605 mey  Asiep umo) jea]
6L°6 86c 061 Cl'v 8997 E¥VL &S €8 99l ¥6S  OSE  GLE  L6€  SLE S0  vEZ  L09  IEE dHLH

€58l 89t 061 8vE Ov9lL ¥8VL LZE  €6€C S9L  S6¥  6L'E  WLE L€ L6l 980 GEv €65 987 Buyoueig

£e'9L 69T 9€L €87 G698l €Z9L 9£7  0S87 €9l  8CY  €5T  S8T  69€ 8L 490 LY 0% 072 mey o1e

65y [0 9L 66€  SOLY 906  ¥8S  Y8E 9L ¥SY €8T 9T ¥y 68L 180  9L'E  9€9  l6€ dHIH

179 706 69l GZE 6587 €68  40C 886l 8L eyE 78T 88l 06€ WL 060 G99 89S  GoE  Buyueg

19°9 ST ISl €0 L60E €98 84T  v86L 061 YIS ¥8T €81  S6E  WEL  4L0 €9  8¥S  8LT mey uoQ

8T 657 S8E 00 9LTT  eLTL vEWL LD 2L 59 6LY 19T L6V vOL 480 /80  l&L TS dHIH

z8°€ g6V L8€ vZy L8l SEWL LGl 9€Y S8l S¥S 8Ty L€ 6Ly Ol w60 SlL  v89 vy Buyueg se|qe1a6an
8ee 8Ly SIS v&e  Ov0oZ Y9VL €92l 0¥ Sl 92§ S0F 9T w0V WEL /90 &V9  ¥E9  ZEV mey 101080 100y

(mabool/p) Jes  oid A9 ng  dsy ey By S BA 4yl JAL 8ud  sA) B SA1 nel e pouw
Jusjuod pioe @C_mmwuo‘_n_ w_Qrcmm

oulwe [e}0|

(%) proe oulwy

spoyaw Buissadodd juatayip Ag paJedald sas|nd ‘sajgelaban jes| ‘sajgejsbon J00J JO SJUSIUOD pIdE Oulwe 8y}

40 uosiiedwod v g a|qel



224 Kim et al.

Pro

Arg

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
min

B
1,000 ~
800
600
>
IS
400 5 é
& S
200 A
} ‘M\_/\,/\)
O 7] T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10
min

Fig. 1. Chromatogram of individual amino acids: (A) stable amino acids in perennial artemisia extract, (B) sulfur containing amino
acids (CysOH: cysteic acid, MeSoN: methionine sulfone) in crown daisy extract.
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Fig. 2. The SIMCA PLS-DA score scatter plots of the amino acid concentrations of 6 vegetable species (root vegetables and leaf
vegetables) and 4 pulse species: (A) total mapping of the vegetables and pulses; PC1=0.45, PC2=0.18, (B) VIP values of the vegetables
and pulses, (C) specific mapping of the pulses; PC1=0.67, PC2=0.09, (D) VIP values of the pulses.

respectively. Lisiewska et al. (14) reported that Asp and
Glu were the most prevalent amino acids in kale and leaf
vegetable species. Similarly, we found that the Asp and
Glu concentrations of vegetables and pulses were higher
than the concentrations of any other amino acid. The

cysteine (Cys) and Met contents were 0.1 g/100 g (1.0%)
and 0.2 g/100 g (1.5%), respectively, in vegetables and
0.4 g/100 g (1.4%) and 0.6 g/100 g (1.9%), respectively,
in pulses (Table 2, Fig. 1).

Adibi (2) reported that the plasma levels of branched-



Amino Acids Analysis in Korean Vegetables/Pulses 225

chain amino acids (BCAA, i.e., Leu, Ile, and Val) were
more influenced by a day of starvation than other amino
acids. In the present study, the Leu, Ile, and Val concen-
trations of HTHP vegetables and pulses were slightly
higher than the BCAA concentrations of raw vegetables
and pulses. In contrast, the Lys and arginine (Arg) con-
centrations of HTHP vegetables and pulses were mark-
edly lower than the Lys and Arg concentrations of raw
vegetables and pulses. This finding is consistent with a
similar report (15) indicating that Lys is more sensitive
to heat than other amino acids and that extrusion cook-
ing, which is similar to HTHP is associated with Lys,
Cys, and Arg losses.

A multivariate statistical analysis was used for more
effective classification and for determination of the effect
of processing method on the composition of each vege-
table and pulse. Fig. 2 shows the PLS-DA scatter plots
and graphical representations of the VIP values prepared
by the SIMCA software. We explored PLS techniques for
selecting variables (i.e., VIPs), that contributed to the
separation observed on the PLS-DA scatter plots (16).
Fig. 2A shows a PLS-DA plot for all of the vegetables
and pulses tested in this study; distinct clusters of leaf
vegetables, root vegetables, and pulses are apparent. The
sum of principal component 1 (PC1) and principal com-
ponent 2 (PC2) is 0.64, which indicates that PC1 and
PC2 account for 64% of the total variance. As shown in
Fig. 2B, Lys had the highest VIP value (1.17), followed
by Val (1.07), Phe (1.06), Met (1.05), Gly (1.05), His
(1.03), and Thr (1.04).

Fig. 2C shows a detailed PLS-DA plot for the pulses
tested in this study. It should be noted that the raw and
blanched processing methods form a single cluster,
which implies that there is no significant difference in
the amino acid compositions of raw and blanched pulses.
The HTHP pulses form a separate cluster, which is in-
dicative of a definite difference in the amino acid compo-
sition of pulses that have been prepared by HTHP. The
sum of PC1 and PC2 is 0.75, indicating that PC1 and
PC2 account for 75% of the total variance. As shown in
Fig. 2D, Lys had the highest VIP value (1.24), followed
by Cys (1.22), Phe (1.19), histidine (His) (1.17), glycine
(Gly) (1.14), Arg (1.12), alanine (Ala) (1.11), Glu (1.09),
Asp (1.08), Leu (1.03), Thr (1.03), proline (Pro) (0.93),
serine (Ser) (0.93), and Ile (0.85). In HTHP pulses, the
Lys, Cys, and Arg contents were decreased, but the Phe,
His, Gly, Ala, Glu, Asp, Leu, Thr, Pro, Ser, and Ile con-
tents were increased. Consequently, the most important
variables for forming the HTHP cluster depicted in Fig.
2C are the individual amino acid increases and decreases
that take place during HTHP.

In conclusion, the amino acid contents of commonly
consumed Korean root vegetables, leaf vegetables, and
pulses prepared by blanching, steaming, or HTHP were

determined by automatic amino acid analysis. Seventeen
amino acids were examined. The total amino acid con-
tent ranged from 3.38 g/100 g to 21.32 g/100 g in raw
vegetables and from 29.36 g/100 g to 30.55 g/100 g in
raw pulses. HTHP was associated with significant de-
creases in the Lys and Arg contents of vegetables and
the Lys, Cys, and Arg contents of pulses. Interestingly,
the amino acid patterns of blanched vegetables and
steamed pulses are similar to that of raw vegetables and
raw pulses, respectively. PLS-DA was also performed to
discriminate the clusters and patterns of amino acids in
raw and processed vegetables and pulses.
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