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Abstract

Dendropanax morbifera Lev. (DP) leaves have the potential for use as a functional food ingredient. In
this study, D. morbifera Lev. leaves were subjected to enzymatic hydrolysis by proteinase, peptidase,
trypsin, bromelain, and papain to increase L-arginine and y-aminobutyric acid (GABA) levels. Hydrolysis
time, temperature, pH, vacuum conditions, enzyme type, enzyme concentration, and the order of enzyme
administration were optimized to increase L-arginine and GABA concentrations. L-arginine and GABA
recoveries were higher when enzymatic treatment was performed prior to the extraction process. No
significant changes in L-arginine and GABA production were observed with changes in pH, vacuum
conditions, or enzyme concentration. The optimized procedure for obtaining the highest L-arginine and
GABA concentrations was to inactivate the enzymes after 8 h of hydrolysis, extract the leaves, and to
perform a second hydrolysis step at 16 h with proteinase, trypsin, bromelain, and papain. By increasing
L-arginine and GABA levels simultaneously, high-quality hydrolyzed D. morbifera Lev. extract (Hy-DP)
was produced efficiently in large quantities at a low cost. With this enzymatic treatment and extraction
process, Hy-DP has the potential for use as a functional food ingredient. Further evaluation of Hy-DP
as a functional food additive may allow it to be used in foods.
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Table 1. Pre-extraction and post-hydrolysis of Dendropanax morbifera Lev. leaf with different reaction time and enzyme contents

Ist. hydrolysis

2nd. hydrolysis

Condition — - - - - - -
protease (g)  mixture’ (g) pepsin (g) time (h) bromelain (g) papain (g) ficin (g) time (h)
A 1 1 4 1 1 - 16
B 1 1 1 4 1 1 1 16
C 1 1 1 6 1 1 1 14
D 1 1 1 8 1 1 1 12
E 2 1 1 4 1 1 1 16
F 4 1 1 4 1 1 1 16

Dtrypsinfchymotrypsin mixture

Table 2. Pre-hydrolysis and post-extraction of Dendropanax morbifera Lev. leaf with different reaction time and enzyme contents

Condition Ist. hydrolysis 2nd. hydrolysis extraction
protease (g)  trypsin (g)  time (h) pH bromelain (g) papain (g) time (h) pH  vacuum (torr) time (h)

G ! I 4 I I 16 : : 0

1 ! 4 1 1 16 4

! ! 1 4 75 1 1 16 55 0

I 1 1 4 75 1 1 16 55 4

K ! ! 8 ! 1 16 4

L 1 ! 8 1 1 16 ; 300 4
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Table 3. Analytical condition of HPLC for analysis of L-arginine
and GABA.

Parameters Condition
Column Waters Pico-tag column (3.9 x 300 mm, 4 pm)
Detector UV 254 nm
Flow rate 1.0 mL/min
Column temperature 40°C
Injection volume 10 pL
Mobile phase A: 140 mM s](g):dilélén%agigtg n11trrl1 lg% acetonitrile
Time (min) A (%) B (%)
0 100 0
9.0 86 14
9.2 80 20
Gradient 17.5 54 46
177 0 100
21.0 100 0
24.0 100 0
250 100 0
A7t 2 D@
gALR o FES2| RElotO| 4t =d

FAWE Qo 7154 ohlwiie] 7MY B
G eRAEE B e A v East A2
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Table 4. The free amino acid contents of Dendropanax morbifera
Lev. leaf extracts

Amino acid (mg/g)
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2 Arginine 2903 2 AY F FEIH e APstA = 29 A fowt
3 Aspartic acid 15.146 F= 7&0] i dolA= A & F Uk oleist A7}
4 GABA 13.340
5 Glutamic acid 15.655 Table 5. Yield of extracts obtained by hydrolysis and extraction
6 Glycine 1223 of Dendropanax morbifera Lev. with different reaction time and
enzyme contents
7 Histdine 1940 Condition Soluble solids
8 Leucine 5.159 Yield (%)
9 Isoleucine 6.558 CIL 26.54
10 Lysine 2258 A 30.73
11 Methionine 2.820 B 28.77
12 Phenylalanine 1.439 C 24.50
13 Proline 8.925 D 24.86
14 Serine 6.025 E 2438
15 Threonine 2.853 F 23.86
16 Tryptophan 0.444 G 19.35
17 Tyrosine 7.501 H 29.62
18 Valine 17.229 I 20.04
19 Asparagine 8.682 J 21.50
20 Cystein 2537 K 2875
21 Glutamine ND. L 30.05
Total 156.317 Pilot scale 27.68
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Table 6. L-arginine and GABA contents in Dendropanax
morbifera Lev. leaf extracts at different conditions of hydrolysis

Condition L—gggne fg(;jmc}g%gﬁ)s (Grﬁjg ff(;l(()imchg%%s
CIL 2903 0 13.340 0

A 2.766 095 18338 137
B 2.544 0.88 18310 1.37
C 2335 0.80 19.095 143
D 2.361 0.81 19.401 1.45
E 2.383 0.82 17.009 1.28
F 2321 0.80 19.975 1.50
G 6.653 2.29 18411 1.38
H 7.685 2.65 18.017 1.35
I 6.513 224 20.580 1.54
] 7.507 2.59 25.176 1.89
K 18.730 6.45 30.450 228
L 15.097 5.20 17717 1.33

Pilot scale 9.434 325 20.056 1.50

"CTL(control) : Non-hydrolyzed Dendropanax morbifera Lev. extract
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Dendropanax morbifera Lev. leaf (1 kg)

<« water (9 L)

<« protease from Bacillus subtillis (1 g), trypsin (1 g)
—— pre-soaking and 1st. hydrolysis (45 C, 8 h)

< water (1 L)

< bromelain (1 g), papain (1 g)
——2nd. hydrolysis (55 C, 16 h)

——enzyme inactivation with extraction (water 10 L, 100 C, 4 h)

concentration by vacuum evaporation (30 °Brix)

Fig. 1. Extraction process of Dendropanax morbifera Lev. leaf
using enzymatic hydrolysis.
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Fig. 2. Amino acids chromatogram profiles of (A) standards of amino acid, (B) water extract of Dendropanax morbifera Lev. leaf, and

(C) condition K extract of Dendropanax morbifera Lev. leaf.
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Fig. 3. GABA chromatogram profiles of (A) standard of GABA, (B) water extract of Dendropanax morbifera Lev. leaf, and (C) condition

K extract of Dendropanax morbifera Lev. leaf.

Table 7. Degree of enzymatic hydrolysis of Dendropanax morbifera
Lev. leaf extracts

Protein (mg/g)

Name of the extract e enzyme  After enzyme hy?r%%}rg?s O(ﬁ%)
hydrolysis hydrolysis
Sample 1 12.567 2313 81.59%4
Condition K Sample 2 12.400 2,091 83.134
Sample 3 12.900 1.703 86.801
mean+SD 1262240208 2.036+02527  83.872+2.184
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Table 8. The free amino acid contents of Dendropanax morbifera Lev. leaf extracts
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Amino acid (mgfg) CITL extracts” Optimal condition K extracts Pilot scale extracts
1 Alanine 33.61£0.11 404117319 29.42+1.13
2 Arginine 2.61£1.02 17774136 8.74:096™
3 Aspartic acid 14.02£1.59 19724175 14.232.79"5
4 GABA 15.5343.10 27814373 20.28+0.43"
5 Glutamic acid 13.35+3.26 3012046 6.74+145"
6 Glycine 1362020 2.96£0.76"S 2.1610.06™°
7 Histidine 225044 3.84£1.01N 0.76:0.14"
8 Leucine 499024 24.16+1.00™ 10.73+0.10™
9 Isoleucine 6.36+0.29 12.77:041" 6.114026™
10 Lysine 2.00£0.37 13.70+7.24™ 9.6410.71"
1 Methionine 1.83£1.40 5.50£1.77" 2.66:1.43%8
12 Phenylalanine 1462003 1241:0.12" 500£0.25"
13 Proline 13.27:6.14 21.124024° 15728267
14 Serine 6.18£0.22 790£1.91N 5.6820.79"S
15 Threonine 334+0.69 470£1.04N 3.16+1.50%
16 Tryptophan 0.5020.08 0.87+1.24N8 ND.
17 Tyrosine 9.78+322 23.34+0.04° 15.8240.34VS
18 Valine 1350527 18.04£1.71N 13.3244.12%
19 Asparagine 8.0220.94 74422558 6.4410.55"S
20 Cystein 2284036 530308 0.50£0.12"
21 Glutamine ND? ND. ND.
Total 157.24 2271 177.11

Data are presented as mean+SD of triplicate measurements. “*p>0.05 (N.S=not significant), "p<0.05, “p<0.01,

)CTL(comrol) Non-hydrolyzed Dendropanax morbifera Lev. extract
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