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Abstract

To increase the utilization of Centella asiatica (CA), enzymes such as cellulase and pectinase were added and the physicochemical
properties of the treated CA were analyzed. In addition, apple-CA jam was prepared using the enzyme-treated CA, which had the
best antioxidant properties, and the physicochemical and sensory qualities of the jam were measured. There was a high content of
ascorbic acid, polyphenols, flavonoids, reducing sugar, amino acid, minerals and DPPH radical scavenging activity in the
enzyme-treated group. The antioxidant component and activity in the jam prepared by adding enzyme-treated CA increased with an
increase in the amount of enzyme-treated CA. In the soluble solids, the higher the amount of enzyme-treated CA, the higher the
value, but there was no significant difference in pH. The sensory evaluation of the jam, in particular the taste, showed that the highest
preference was observed when the enzyme-treated CA was added in the range of 5.0~6.7%, and the control group showed the lowest
preference. There was no significant difference in flavor and spreadability among the treatment groups, however, the control group
showed the highest color preference. In the overall acceptability, when 5.0% of enzyme-treated CA was added, the highest acceptability
was shown.
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Table 1. HPLC gradient conditions for the measurement
of amino acid in enzyme-treated Centella asiatica extract

Time Flow rate ~ Mobile phase A Mobile phase B
0.0 1.5 95 5
3.0 1.5 95 5
24.0 1.5 45 55
25.0 1.5 20 80
31.0 1.5 20 80
34.5 1.5 95 5

35.0 1.5 95 5

Table 2. Operation condcitions of ICP-OES for the
measurement of amino acid in enzyme-treated Centella
asiatica extract

Parameter Value
RF power (W) 1,500
Plasma gas flow (L/min) 15
Auxiliary gas flow (L/min) 0.2
Nebulizer gas flow (L/min) 0.80
Pump flow rate (mL/min) 1.5

g Axstdet. oA £ £7]+= AEUAER 55
o] QA &1 At AFHIYER FEE0] 7] w2
(MFDS 1998) | A|£A]ofl= HES] Ant o]-§5to] 4A 7
SHATE ERE M A RA| HEYWE o]85HA] R o]f= &
HZFE9] 7|3 % G52 a3 sto] Atake} A Al xSkt A
9 Ar2= e 71 (Beksul, Seoul, Korea), BEl(Cp
kelco, Atlanta, GA, USA)¥} citric acid 2! 3} & Z-¢(Microferm
Ltd., Malvern, UK)= +¢J5to] ARgStict. A4l 28 &E
2915 &85t o]f= A"go = I3t AdEE 43}
Sk7]91sl ARE-SH AL A HE 2AH9] carboxyl”] ARl
50| 7tuE FAsto] gelo] FFEE w0 T A
Yol Apsir] Ystol A7tstatct

& 2 9] dudd 23S EYE FA79 Al AF
ot & B E A AL, HEUS At 7H-E HA7 =
gt & BHEY 80%0] FA 20%E 7Skl & st
1L cellulase®} pectinases 212} 1%9] 527 =& FH7lo)
o] 50CNlA 80 pme] 7] A 24|17t Bt WRFSHHA G4
A& St

Atet a4 HES o83t A(A Y - HER) Axe
Table 39] 2AJo] wa} uldst A2 & UYEFHo7 AoH
A Zrgstal o, Al H7lslofF & Se|aig o 2/3
Y3, AL o= 7hdsta thA] 7] AlESIE W

=g 130 HE Zags A% AS Jrlste] &
< EollA 7FEsHAA citric acidE 713 ¥ 3083 55A]
oh 2 E M2 At fEH &7100 "ok, 20T A 24
A7 ARG T AR ST

o rlo

i

7. At HEHO| £58 NE

_|>L
_\?_1‘
L
fols
B
2
=
M
i
e}
S
|
il

FS gEfsto] Az A9 o]
st B4 108 SFSE 7ot 12 &<t A3t
Sk 3 4,000 rpmof| A 208 <t FAEE](VS-50, Vision Co.,
Dagjeon, Korea)3t & A-235}3tt.



Vol. 34, No. 6(2021) aade] WEe olsjstd 24 wst 4 o]2 o83t el Az 615
Table 3. Formula for apple-Centella asiatica (CA) jam containing calcium and fructo-oligosaccharide
Ingredients (%)
Sample - - - - -
Apple Enzyme-treated CA Oligo-saccharide Acid Pectin Calcium
ACJ 1 84.0 42 7.1 34 0.7 0.7
ACJ 2 84.0 5.0 7.1 34 0.7 0.7
ACJ 3 84.0 5.9 7.1 34 0.7 0.7
ACJ 4 84.0 6.7 7.1 34 0.7 0.7
ACJ 5 84.0 7.6 7.1 34 0.7 0.7
ACJ 6 84.0 8.4 7.1 34 0.7 0.7
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Table 4. Antioxidants content, reducing sugar content and antioxidant activity of enzyme-treated Centella asiatica (CA)

Ascorbic acid Polyphenol Flavonoid Reducing sugar DPPH radical
(mg%) (mg%) (mg%) (mg%) scavenging activity (%)
Control 1.2341.93°Y 29.47+0.84¢ 6.12+1.14° 0.20:£0.02¢ 40.13+2.88°
Pectinase 9.44:+1.04° 96.31+1.34° 20.54+1.48° 1.78+0.01° 53.28+2.11%
Cellulase 12.82+1.89° 76.70+1.01° 35.1741.43° 1.99+0.02° 57.0142.36°
ieelclzl;‘;:; 27.2642.90° 109.19::1.43° 32.5044.80° 5.55:0.09° 5021132

Y Values with different superscripts within a column (*%) were significantly different (p<0.05).
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7+ 23t HE FEEONAE aspartic acid®] gHFo] 7P @
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Table 5. Amino acid contents of enzyme-treated Centella asiatica (unit: mg%)
Control Cellulase Pectinase Cellulasetpectinase
Aspartic acid 80.05+1.17 322.53+13.66 343.36+59.42 386.67+48.73
Glutamic acid 59.34+1.42 247.08+7.29 265.69+50.14 311.17+40.77
Serine 13.75+0.14 110.82+1.93 100.87+14.45 124.79+12.80
Histidine 5.44+0.13 38.65+0.86 34.24+3.22 45.07+3.38
Glycine 11.88+0.08 101.85+3.08 76.72+10.82 108.07+10.14
Threonine 14.66+0.27 144.86+7.17 115.29+10.34 148.98+8.56
Arginine 10.36+0.33 84.29+2.90 64.87+11.74 95.2249.98
Alanine 20.07+0.21 123.80+3.79 93.05+12.92 132.39+13.70
GABA 21.09+0.35 43.90+0.17 40.76+4.74 44.43+3.02
Tyrosine 2.33+0.29 75.20+7.43 37.62+4.98 68.31+4.22
Valine 15.86+0.51 114.55+5.36 105.34+13.38 135.83+13.30
Phenylalanine 13.89+0.06 100.35+2.93 81.79+11.59 113.99+£11.35
Isoleucine 8.75+0.46 84.48+2.73 73.37+8.29 97.93+£8.94
Leucine 10.40+0.33 130.3343.42 93.00+13.57 140.35+13.49
Lysine 13.95+0.11 97.28+0.99 70.98+6.02 101.1143.75
Proline 29.29+0.44 109.914+4.00 115.7443.26 138.54+7.92

Total 331.09+0.70

1,929.88+45.05

1,712.69+238.88 2,192.844214.04




Vol. 34, No. 6(2021) a4 PEO| olglehy 4 #gt 9 o]E o83t M) Az 617
YFET =2 3RS H Y £ ofu| 1 AkY] ST 2,192.84 ascorbic acid, polyphenol 3}3}HE., flavonoid SF3HE9] st}

mgns 1Y B UGS
Su8) Aade|R st =
7] wjo] ofu]iAte] §

2 ol A0 FlFgrt. ol 7
101 As}eo] #& S&ol ¥t
3 F7He Aog BuEglth

#Fe 274

85—4 = 711‘ o] @gﬂ

Aoj vlote] 7Pt W2 ko2 HA F714 9] eF 50% W<
£ SRl th2 9 2& Na, Ca, K, Mg, Fe, Mn £°0]%}
on Cu9t Znd AEHA Yt F FVW FFor Bl

cellulase®} pectinases -84 2|oF-& W7} 73.72 mghZ -
ox o7 WO FFFS KT ThS O F = pectinase, cellulase

DPPH ‘;’—l ABTS E]‘E]%_}
2.
Ascorbic acid, polyphenol 3}3l&, flavonoid 3}3H-=9] $HaF

A2A5S =A% A= Table 73

o At - BRI BaAER WES Bl Bes
S0 WS WOl Ao et o}S JE50] Bol £
e L 5 AUk

DPPH ¥ ABTS &tz 2759 AL —ac}x}ﬂ. HEE0]

Fegol B WEFTo] B Mol H L BHL Kol
© Aow veht Bst AR5 SHiY Aol 4R
WAL B2 AT 5 Uit

shel, mAAE WES G Deistel A2 AYE
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8)ol| A= DPPH &}t]Zt 4753} ascorbic acid SHF7HY] r

9] &ollon 71} F7149] ggo] A2 AP+ a4 Zko] 077672 713 =& A o2 EF O™ polyphenol 3}
2 & oHA] 2 gzt o2 YERY g4A 2o o) F£713 FEOAE 073882 =2 ATUHAAE Hol= AL =R YEt
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Table 6. Mineral contents of enzyme-treated Centella asiatica (unit: mg%)
K Mg Ca Fe Na Cu Mn Zn P Total
Control ~ 1.8440.01% 1.60+0.01¢ 3.07+0.01¢ 0.04+0.00° 12.45+0.07  ND? - - 32.60+0.46° 51.59+0.49¢
Cellulase  2.05+0.05° 1.67+0.04° 4.06+0.10° 0.03+0.00° 22.64+0.22° - - - 33.01+0.70° 63.46+0.91°
Pectinase 11.74+0.13° 3.2840.05° 6.90+£0.09° 0.03+0.00* 15.19+0.17° - 0.02+0.00 - 33.27+0.05° 70.43+0.22°
+
CPZICIEE:; 7.55+0.14° 2.89+0.03° 6.5140.05° 0.04+0.00° 21.48+0.52° - 0.01+0.00° - 35.25+0.88" 73.72+1.29"

" Values with different superscripts within a column (**) were significantly different (p<0.05).

2 ND: Not detected.

Table 7. Antioxidant activities and of antioxidants content in apple-Centella asiatica jam with different contents of Centella asiatica

Ascorbic acid Polyphenol Flavonoid DPPH radical ABTS radical
(mg%) (mg%) (mg%) scavenging activity (%) scavenging activity (%)
ACJ 1Y 2.97+0.79 61.00£1.57° 38.18+18.11° 80.30+0.50" 46.44+2.02%
ACT 2 2.58+1.12° 60.78+0.65° 35.76+5.17° 82.130.30° 50.06+3.39"
ACI 3 3.84+1.97% 63.85+1.57° 36.9743.44° 82.85+0.04° 47 44+1.92%
ACJ 4 7.13+1.57* 62.02+1.41° 56.97+18.86"™ 84.77+0.33° 45.13+1.53°
ACJ 5 6.38+2.34 73.87+1.84° 43.64+4.72% 84.16+0.13° 52.69+2.96"
ACJ 6 8.03+0.43" 82.57+2.33° 63.94+12.34° 86.36£0.40° 52.16+0.57°

Y ACJ 1: Apple jam added with 4.2% enzyme-treated Centella asiatica, ACJ 2: Apple jam added with 5.0% enzyme-treated Centella asiatica,
ACIJ 3: Apple jam added with 5.9% enzyme-treated Centella asiatica, ACJ 4: Apple jam added with 6.7% enzyme-treated Centella asiatica,
ACJ 5: Apple jam added with 7.6% enzyme-treated Centella asiatica, ACJ 6: Apple jam added with 8.4% enzyme-treated Centella asiatica.

? Values with different superscripts within a column (*%) were significantly different (p<0.05).
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Table 8. Correlation coefficients among antioxidant compounds and antioxidant activity in apple-Centella asiatica jam with

different contents of Centella asiatica

DPPH radical ABTS radical

Polyphenol Flavonoid Ascorbic acid scavenging Scavenging
Polyphenol 1.0000
Flavonoid 0.5067 1.0000
Ascorbic acid 0.5994 0.6747 1.0000
DPPH radical scavenging 0.7388 0.5740 0.7767 1.0000
ABTS radical scavenging 0.6469 0.1902 0.3466 0.3147 1.0000
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Table 9. °Brix and pH in apple-Centella asiatica jam
with different contents of Centella asiatica

°Brix pH

ACJ 1Y 65.07+0.47% 6.57+0.23
ACJ 2 62.07+0.35° 6.83+0.06"
ACJ 3 66.23+0.95° 6.81+0.04%
ACJ 4 64.301.01¢ 6.66+0.02%®°
ACJ 5 69.40:£0.30° 6.57+0.03°
ACJ 6 70.57+0.45" 6.510.02°

D ACJ 1: Apple jam added with 4.2% enzyme-treated Centella
asiatica, ACJ 2: Apple jam added with 5.0% enzyme-treated
Centella asiatica, ACJ 3: Apple jam added with 5.9%
enzyme-treated Centella asiatica, ACJ 4: Apple jam added with
6.7% enzyme-treated Centella asiatica, ACJ 5: Apple jam added
with 7.6% enzyme-treated Centella asiatica, ACJ 6: Apple jam
added with 8.4% enzyme-treated Centella asiatica.

Values with different superscripts within a column (*°) were
significantly different (p<0.05).
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Table 10. Sensory properties of apple-Centella asiatica jam with different contents of Centella asiatica

Taste Flavor Color Spreadability Overall acceptance
Control"” 3.75+1.52 3.60+1.64 4.65+1.79 3.95+1.50 3.90+1.45°
ACJ 2 5.20+1.77° 4.50+1.67 4.00+1.03* 4.75+0.97 5.05+1.28°
ACJ 4 5.05+1.67° 4.45+136 3.90+1.45® 4.40+1.39 4.45+1.79"
ACJ 6 4.50+1.36% 4.10+1.62 3.40+1.27° 4.60+1.27 4.50+1.40™

" Control: Apple jam added with 5.0% crushed Centella asiatica, ACJ 2: Apple jam added with 5.0% enzyme-treated Centella asiatica, AC)
4: Apple jam added with 6.7% enzyme-treated Centella asiatica, ACJ 6: Apple jam added with 8.4% enzyme-treated Centella asiatica.
? Values with different superscripts within a column (*°) were significantly different (p<0.05).
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