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ABSTRACT

Background: Hot steaming is known to be effective in improving the biological activities of plant extracts by breaking down useful
compounds to low molecular weight ones.

Methods and Results: This study aimed to develop an optimal extraction and steam processing method for enhancing the low
molecular ginsenoside contents of the adventitious roots culture of wild mountain ginseng. The total ginsenoside was optimally
extracted when 70% EtOH was used at 50 C, whereas low molecule ginsenoside such as Rg2, Rh1, Rh4 and Rk1 could be extracted
using 70% EtOH at 70 C. The adventitious roots culture of wild mountain ginseng is known to contain four major ginsenosides, i.e.,
Rb2, Rbl, Rgl and Rd, however new ginsenosides Rg6, Rh4, Rg3, Rkl and Rg5 were new abundantly obtaind after steam process-
ing method was applied. The contents of total ginsenosides were the highest when thermal steam processing was conducted at 120°C
for 120 min. Unlike ginsenosides such as Rgl, Re, Rb1, Re, Rb2, and Rh1, which decreased after steam processing, Rg3, Rk1, and
Rg5 increased after thermal processing. Steam processing significanltly reduced the content of Rbl1, increased that of Rg6 by about
ten times than that in the adventitious roots culture of wild mountain ginseng.

Conclusions: Our study showed that the optimal extraction and steam processing method increased the content of total ginsenosides
and allowed the extraction of minor ginsenosides from major ones.

Key Words: Low Molecule Conversion, Ginsenoside, Mountain Wild Ginseng Adventitious Roots Culture, Steam Processing
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, °1& FH31] S8l AEEEH 7]
713 U85 AERES7] (bioreactor)E ©]
F2o] g 54 7o) wdstal itk
HoE i A A widE A 240l
AoZ RBIFEI Tk (Shin et al, 2010; Kim et al,
2016).

chakel oFg ARl AFEY (saponin)Zl  FIA APl =
(ginsenoside)= triterpenoid AlE 3EZE, oleanane AE 3}
dammarane A€ saponin®Z TEE|™, ginsenoside®] TJHF-&
© dammarane A€ saponin®Z carbon 3, 12, 20 Wl

o]

hydroxyl group®] protopanaxadiol saponin (PDS) #AI<E,
carbon 6, 12, 20 Hell hydroxyl group®] J3= protpanaxatriol
saponin (PTS) A& TEEt} (Tansakul e al., 2006).

o] & JEA}; saponin 3 7l ode] T (B-D-glucopyranosyl,

.
AT

a-L-arabinopyranosyl, a-L-thamnopyranosyl)°] A3 saponing-
Seeb o (G Atol AR oS S HaL ok s 1L
2} saponin® A el F7F AA8] Yol 4 B oF
224 855 FHAIZIZ] S8l ARtz e] dgto] P2o
(Yi et al., 2012), Ak} H|ABES o]&3 7RSS B3]
2} saponing AEA} saponin®Z HIMA]I|= AF7F B
3 v}k (Kim et al., 2007).

HEHe AHEA saponin® ZE  Rg3, Rkl, Rg5,
compound K 5°| e, Rg3= FUA3} (Jovanovski et
al., 2014), 3@} (Park er al, 2013), Rkl, Rg5= X|u
AdWEd (Kim ef al, 2013), °}EFXE (Ahn et dl,.
2016), Zth3% (Siddiqi et al, 2014), compound K& 7+

HE E3} Aoz BIFAT} (Lee ef al., 2005).

=

o

AR 855 s} ke TR o= AREA QT
Kang 5 (2006) 214HS tho = gt S 349l A8l
acid, vanillic acid, p-coumaric acid 5 <]
s shHEe] s S7MIITAL HAs o™, Song &
2012y QI4e] Al FEj f8Ado]l AAkst =AU,
ester form© 2 conjugation®]©] %l phenolic compound”}
free compound® =] A1 853 kst Aol &
Zhstatial Barskgleh, Egh Q1ake] S0 = s EA}
ginsenoside$! Rgle] 729} s &=} ginsenosideS! Rg3,
Rh2, Rbi°] Z718H= HJE|Z ginsenoside”} HEHTHE B
7} It} (Lee ef al., 2008).
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Az, 5, S gEste] A8slal 7§ B T ginsenoside

H|wEho 24 HA o] & 2718 gysislon oeket
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Al
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AE=E ARSI

Hj X 2/ &2 Schenk and Hildebrandt medium (Duchefa
Biochemie, Harlem, Netherlands) 3.15g/ £, sucrose (Samyang
Co., Seongnam, Korea) 30g/ £, pH 575 A= 18 £ A}
EHRg7le wjkelS Axd & 1239t (127.0C, 45 min,
0.15 mPa) "3t W53t} ©]F pre-culture ¥ 2H} F-
A ot ME 30gS HES, 2% 250+05C, F=
40.0 +5.0%, F= 1,200+50 LuxellA 8-9 F7b wjdet &,
TFEste] ARSI

2. D1 & Aof

A& AFE3F HPLC/VWD (hight performance liquid
chromatography/variable ~ wavelength  detector)== Thermo
Fisher Scientific (Waltham, MA, USA)®] ultimate 3000
series, H42]A F%7]= EYELA (Tokyo, Japan)2] N-1200,
283} 32719} AE3 Ax7]= Jeiotech (Seoul, Korea)
©] VCP-109} OF-22GW, W& A2 &-& Mettler Toledo
(Columbus, OH, USA)2] ME204, FZAZ7AZ%27]= Operon
(Gimpo, Korea)®] FDTA-45,
Industries (Bohemia, NY, USA)2] BF-MXS, #47]+= Shinil
(Seoul, Korea)?] SMX-9400MD, &3 $%7] Hankuk
S&I (Hwaseong, Korea)®] HK-AC2002 ARE-3F33th.
FEAA)FS water, acetonitrile (AcN), ethanol (EtOH) 1.
T. Baker Chemical (Phillipsburg, NJ, USA)?] ¢H E= &
7 AFEE FYst] ARSIt

M| Aol = EFF ginsenoside Rgl, ginsenoside Re,

vortex mixer= Scientific

ginsenoside Rb2, ginsenoside Rb3, ginsenoside Rhl,
ginsenoside Rd, ginsenoside Rg6, ginsenoside Rh4,
ginsenoside Rg3, ginsenoside Rkl, ginsenoside RgS5,
ginsenoside Rh2, ginsenoside Rh3+ Sigma-Aldrich (St.
Louis, MO, USA)®] A&, ginsenoside Rbl HWI

(Ruelzheim, Germany)2] A&, ginsenoside Rec, compound
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K& Chem Faces (Hubei, China)®] A%, ginsenoside Rg2=
Ambo Institute (Daejeon, Korea)2] AlFS FH3t] A3}

3. AR B2 U2 THY ==
FAAXS AXE 1kg & 2715 ©]831d 100 meshzE
Eoslete] gu, A7, 2%, 34 mE FEE 2 F

ginsenoside 33
FZguo] WE ZACZ water, 20%, 40%, 60% 70%
80%, 100% EtOHS A& FA 3 10 #) (viw) EFI30,

FEA] M2 2710E 70% EOH AEE A F, 2,
4, 6, 8, 16, 32 A|7FO.E pro] &5 AASIH
2200 WE AL 30, 40, 50, 60, 70, 80C, =314

1, 2, 3, 4 3|2 o] AXSIAL) 7} 220
0.45 i filter (Sartorius Stedim Biotech Co., Gottingen,
Germany)= 13}, 5% 2 FAAz8l] AHgalIT).

[e]

=S
o

4. LR 28 w2

A 1kgS 60, 80, 100, 120CAIA 30, 60, 120 ¥ &
38 F=7INM M2 T $ 2 97 SAAE s A
Z7F g5 E71E )83l 100 meshZ F23lst &,
70% EtOH F&, 55 9 F47%3sl A52 AREsIith

FETFEd 7] FUT A A ek dib A%
F Alzd g FAE vk ALl tidste] ALssiTE
& (%)=B / Ax100

A: Ao AREE R 78wk Al
B: sZ271% § A8 77
6. = ginsenoside &3
D EHAME Az R 2
AR F 2g3 AL S48t 50mb F3) FEkiAe] F

s, sl gAY ERSE BAAK AL T
Minisart® 0.2 /m filter (Sartorius Stedim Biotech Co.,

Gottingen, Germany)Z 335} T},

Z ginsenoside= HPLC #4122 AAstth Column
Capcell pak C18 column (Shiseido Osaka Soda Co., Ltd.,
Osaka, Japen, 5um, 250 x 4.6 mm), ©]5/2 solvent A; water,
solvent B; acetonitrile (AcN)E AME3ISTH A2 FUHF
10 /4, % 1.0 m/min, &% 30C, UV detector® 203 nm =
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212 5 E7MAE solvent AS 80% FFOE

o
AR, 5 FolA 20 E7FA] solvent AY] FEE 77%, 20
oA 25 E7A] solvent AS] FEE 70%, 25 oA 30

e =

=2 60%, 30 EolA 60 E7HA
0%Z FAISIATE THAl 60 FollA] 65

15%% 3=

=

E7FA] solvent A2
solvent A9l =&
E7H4] solvent AS] E=E
2-g-ste] a8t

gradient systemS-

2) Ginsenoside FF ¥4

AREAe] At SRS FJIaEAS A (y=ax+
b) 2ol tiist & gk Alaklel sl et AR
2 xF FEE yFol fIAHE AE3le] HaAsHoR
Akt

Ak AlAk2] (mg/g) = C x (a x b)/S x 1/1,000

C: A8 Z /¥ ginsenoside F= (ug/md)

a: Alggde] AF ml)  S: AE AHF ()

b: 3)Aul 1/1,000: %] A+ A5
7. SAHX]

RE AL 3 3 wow R3sle] FHgyt BEAXE U
Ef At AEe #A#H" FAAME = SPSS  program

(Statistical Package for Social Science, Version 24; IBM,
Chicago, IL, USA)E ©]£3}%] Duncan's Multiple Range
Test (DMRT) AS3IAL, A4 FoldS 5% oA &
RECIE

2 al
=

= oE

i

1. FE2XHYE £2 % E ginsenoside S

1) F&8+7 =28 "=

AR 23 wjok2o)] water ¥ EtOH w=d &ujS 283}
I FE S AR A 7 &) B FE S 144+

0.05-2.79+0.13%°] WS YA S Fsiie
EtOHZ %39S w 2.79+0.13%% 7P =& $£82
ERdtt (Table 1).

% ginsenoside 2 water FE=N4 23.01 + 1.09 mg/g
AZENeH, EOH +=7t S71d4E 23.19+0.69, 24.37
£0.71, 25.59+0.89, 33.18+1.72, 3836+1.72, 50.53+
2.81 mg/go 2 gto] ZUI8It BE FE8ud oA
Rh4, Rg3, Rkl, compound K= ZHAZFHA LUAT 60%
EtOH F=5¥ EtOH §%7} 37185 Rbl, Rb2, Rd7t
S713t] & ginsenoside &&¢] F718IATE (Table 1).
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Table 1. Yields and ginsenoside contents in the adventitious roots culture of wild mountain ginseng by different extraction solvents.

Contents freatment —\yoter  20%EOH  40% EOH  60% EtOH  70% EtOH  80% EtOH  100% EtOH
Rg1 3.77+0.31°  3.66+0.45° 4.28+0.05" 3.12+0.07¢ 3.34%0.24“ 4.22+0.08" 6.53+0.69°
Re 3.20+0.22° 2.96+0.10° 3.55%0.34° 2.31+0.219 2.40+0.28° 3.40+0.26" 5.25+0.28
Rb1 5.88+0.57¢ 5.70+0.12° 6.28+0.18 7.13+£0.10° 7.31+0.14¢ 10.07=0.39" 13.06+1.09°
Rc 0.76+0.15¢  0.99+0.11° 1.02+0.15° 0.98+0.08° 1.34+0.22° 1.33+0.17° 1.51%0.18"
Rb2 6.19+0.64¢ 6.95+0.27°¢ 7.27+0.00° 6.24=0.287 9.03+0.38" 8.89+0.26" 9.50+0.28"
Rb3 =N 0.05+0.00° 0.05+0.00° 0.10+0.01Y 0.56+0.07° 1.20%0.12* 0.44%0.17°
Rg2 0.09+0.02> 0.36%0.13* 0.19+0.24" - - - -
Rh1 - - - - - - -
Concentration Rd 1.93+0.749 1.34=0.12% 0.94+0.23° 4.89+0.25° 5.48+0.39° 6.78+1.13" 10.42+0.60°
(mg/g) Rg6 - - - - 0.99+0.19" 0.71+0.22> 1.40+0.15
Rh4 - - - - - - -
Rg3 - - - - - - -
RKk1 - - - - - - -
Rg5 - - - - 0.01+0.01° - -
Compound K - - - - - - -
Rh2 0.39+0.16° 0.51%0.18% 0.78+0.33° 0.50+0.08¢ 0.36+0.14° 0.97+0.02" 1.38+0.09°
Rh3 0.76=0.16"  0.63+0.30" - 0.30+0.16¢  0.53%£0.09° 0.76+0.14> 1.00=0.04"
Total 23.01+1.09¢ 23.19+0.69¢ 24.37+0.71¢ 25.59+0.89¢ 33.18+0.58° 38.36=1.72® 50.53+2.81°
Yield (%) 2.1+0.02° 2.00+0.00° 2.36+0.04> 2.47+0.02" 2.79+0.13* 2.07+0.04° 1.44+0.05¢

-; not detected. *Mean values = SD from triplicate separated experiments are shown (n = 3). Means within a row followed by the same letter
are not significantly different based on the DMRT test (p < 0.05).

Table 2. Yields and ginsenoside contents in in the adventitious roots culture of wild mountain ginseng by different extraction times.

Treatment

2 hour 4 hour 6 hour 8 hour 16 hour 32 hour
Contents
Rg1 5.00+0.06"  4.38+0.64° 5.92+0.25° 4.56+0.23¢ 5.55+0.53®  4.63%0.13¢
Re 2.77+0.62° 2.40+0.24®  255+0.05®  1.94+035¢ 2.38+0.20"  2.10+0.41%
Rb1 7.23+0.41" 6.18+0.30° 7.47+0.58" 7.55+0.63° 8.82+0.61° 8.66=0.75%
Rc 1.80+0.58®  1.91+0.67° 1.41%0.07° 2.01+0.45% 1.91+0.39 1.66%0.25"
Rb2 10.49+0.37°  15.09+0.89° 7.5620.30°  15.35%£0.23°  14.69£1.04*  15.22+1.25°
Rb3 0.53%0.06" 0.32+0.05¢ 0.48+0.08" 0.72+0.06% 0.52%0.06" 0.42+0.07"
Rg2 =P 0.17£0.08° - - - -
Rh1 - - - - - -
Concentration Rd 4.86+0.91  4.23+0.77° 5.04+0.12 4.01+0.98° 4.80+0.78%  4.51+0.20°
(mg/g) Rgb 1.15+0.07¢  0.81+0.03°  0.99+0.02%  2.61+0.75°  1.52+0.08"  1.26+0.01°
Rh4 0.32+0.07% 0.17+0.05° - - - -
Rg3 - - - - - -
Rk1 - - - - - -
Rg5 - - 0.04+0.02° - 0.04+0.00° 0.02+0.00°
Compound K - - - - - -
Rh2 - 0.28+0.10° 0.41+0.05¢ 1.36+0.772 0.81+0.08° 0.96+0.04°
Rh3 - 0.50£0.03"  0.52+0.08  0.47+0.08"  0.86%0.02 0.41+0.09°
Total 34.14%1.13"  36.42+541°  32.38+1.31"  40.56=1.67° 40.49+1.57*  39.83+1.05
Yield (%) 2.27+0.07¢ 2.55+0.01¢ 2.67+0.03"  2.76+0.03" 2.80+0.13>  3.01x0.03°

—; not detected. *Mean values = SD from triplicate separated experiments are shown (n = 3). Means within a row followed by the same letter
are not significantly different based on the DMRT test (p < 0.05).
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Table 3. Yields and ginsenoside contents in the adventitious roots culture of wild mountain ginseng by different extraction temperatures.

c freatment 55 40 50C 60T 70°C 80T
ontents
Rg1 2.65+0.07" 216011 2.23+0.09™  1.81x0.44°  3.10x0.19°  2.51x0.11°
Re 3.15+0.14 2.14%0.05%  2.38+0.22  2.00+0.12¢ 2.50+0.14° 3.18+0.00%
Rb1 6.19+0.17¢ 7.28+0.05¢ 9.14+0.08" 5.45+0.24° 6.47+0.25¢  11.09+0.61°
Rc 1.42+0.27°  2.24+0.29" 2.11=0.06° 1.34+0.13*  1.13+0.10° 3.56+0.85%
Rb2 11.33+0.47°  16.87+1.25°  16.39+0.56> 18.84=1.03"  15.64+0.35" 2.23+0.22¢
Rb3 0.19+0.27°  0.20+0.21°  0.35+0.13*  0.56%0.20 - 2.29+0.122
Rg2 0.08+0.11° - - - 0.36+0.05° -
Rh1 -y - - - 0.23+£0.02>  0.55%0.14
Concentration Rd 3.32+0.13¢ 4.23%0.02¢ 5.88+0.23" 4.28+0.21¢ 3.55+0.244 8.41+0.142
(mg/g) Rgb 0.08+0.08°  1.23+0.09"  1.39+0.12°  1.21+0.07 - -
Rh4 0.17+0.13¢ - - - 1.33+0.07° 2.45+0.37%
Rg3 0.34+0.21° - - - - 0.87+0.04°
Rk1 - - - - 0.03+0.04° -
Rg5 - - - - 0.01+0.02° 0.01+0.01?
Compound K - - - - - -
Rh2 2.41+0.122 0.76+0.25  0.72+0.37%  0.50+0.19¢ 1.47+0.42° 1.18+0.27"
Rh3 0.86=0.13*  0.53+0.08" 0.96+0.32% 0.57+0.06" 0.52+0.22° 0.41+0.30¢
Total 32.24+0.38"  37.66+0.86 41.35+0.48" 36.61x2.20° 36.37+1.51® 38.78+0.75®
Yield (%) 1.96+0.01° 2.28+0.04*  2.54+0.04" 2.36%0.15"  2.91+0.06 2.85+0.08%

Y—; not detected. *Mean values = SD from triplicate separated experiments are shown (n = 3). Means within a row followed by the same letter
are not significantly different based on the DMRT test (p < 0.05).
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Table 4. Yields and ginsenoside contents in the adventitious roots culture of wild mountain ginseng by the number of extraction cycles.

Treatment

Contents 1 cycle 2 cycle 3 cycle 4 cycle
Rg1 2.40+0.04% 2.33+0.13 1.85+0.05¢ 1.00=0.09¢
Re 2.72+0.49° 2.51%0.46% 1.99+0.08" 2.21+0.08%
Rb1 5.24+0.72° 5.64+0.34° 4.15+0.41¢ 7.31+0.50°
Rc 0.91+0.08° 0.53+0.08" 0.50+0.04° 0.36+0.03¢
Rb2 9.66+0.97¢ 12.45+0.81° 17.78+0.21° 3.66+0.41¢
Rb3 =" 0.19+0.00° 0.16+0.01° 2.02+0.022
Rg2 0.22+0.03" - - 0.58+0.05°
Rh1 - - - 0.07+0.00?
Concentration Rd 2.79+0.58¢ 3.50+0.27° 3.33+0.36" 7.16+0.28°
(mg/g) Rgb 0.16+0.01° 0.54+0.06° 0.40+0.03" 0.52+0.10°
Rh4 0.31+0.06* 0.23+0.01° - -
Rg3 0.55+0.06° 0.56+0.06° - -
Rk1 - - - 0.73+0.09°
Rg5 - - - 1.22+0.08?
Compound K - - - -
Rh2 2.15+0.09° 2.03+0.062 1.5420.07b" 1.11+0.07¢
Rh3 0.91+0.12° 0.91+0.04° 0.89+0.04° -
Total 28.03+1.26" 31.40+0.56* 32.57+1.05 27.95+0.54°
Yield (%) 2.34+0.09° 0.91=0.01° 0.37%0.02¢ 0.11=0.01¢

Y—; not detected. *Mean values + SD from triplicate separated experiments are shown (n = 3). Means within a row followed by the same letter

are not significantly different based on the DMRT test (p < 0.05).
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Table 5. Yields and ginsenoside contents in the adventitious roots culture of wild mountain ginseng by different steam processing
condition (temperature and time).

(Unit: %)
Treatment (steam processing)
Control 60T 80T
30 min 60 min 120 min 30 min 60 min 120 min
Rg1 16.46+0.12*  14.97+0.60° 14.52+0.65>  13.38+0.51°  14.22+0.30>  11.87=0.28¢  11.30%0.53¢
Re 9.06+0.35% 7.62+0.26° 7.82+0.15®  6.34%0.54  6.00+0.52¢ 6.32+0.74%  5.82+0.15°
Rb1 23.46=1.15"  18.48+0.28° 21.02+0.21°  18.73+0.58°  16.27+0.14%  21.30+0.18> 17.99+0.43<
Rc 3.03+0.05° 2.85+0.03*  1.32+0.08' 0.97+0.908 1.09+0.038 1.03+0.018 2.11+0.03¢
Rb2 29.18+2.13°  42.21%£2.55%  29.32+1.65° 37.99%6.13°  43.41x2.12°  42.79+3.11%  45.32+4.23°
Rb3 =" - 8.04+0.112 3.58+0.05¢ - - 0.94+0.03¢
Rg2 - - - - - 1.03+0.08¢ -
Rh1 - - - - - - -
Rd 4.29+1.128 4.41+0.078 8.33=0.05¢ 6.36=0.03" 6.29+0.02° 6.14=0.06' 7.74+0.03¢
Rg6 0.53+0.01% 1.55+0.03¢  1.89+0.07  1.28+0.07' 1.87+0.06  1.40+0.06°  1.33%0.05"
Rh4 1.03%0.03¢ - - - - - -
Rg3 1.83+0.09¢ - - - - - -
Rk1 - - - - - - -
Rg5 - - - - - - -
Com. K - - - — — - -
Rh2 7.16+0.31¢ 7.91+0.13" 7.74+0.12" 8.31+0.11° 7.42+0.15° 5.26+0.12¢ 4.08+0.07¢
Rh3 3.03+0.11° - - 3.07+0.06" 3.43+0.03? 2.86+0.07° 2.53%0.08¢
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Yield 2.36+0.10° 3.62+0.09¢ 3.46+0.06¢ 3.62+0.05¢ 4.27+0.03  4.20+0.05% = 4.42+0.16°
Table 5. Continued
(Unit: %)
Treatment (steam processing)
100T 120C
30 min 60 min 120 min 30 min 60 min 120 min
Rg1 8.24+0.41" 7.3020.148 8.14=0.14 10.51+0.13¢ 11.55%0.52¢ 9.90+0.25°
Re 8.43+0.41% 7.10+0.17< 7.96+0.35® 8.25+0.19% 6.76+0.29% 5.61+0.34°
Rb1 15.11+0.27¢ 18.96x0.29° 19.04+0.28° 28.29+0.38° 22.89+0.38" 10.65+0.34"
Rc 1.69+0.04° 2.49+0.03¢ 2.82+0.01% 3.86+0.04° 3.07+0.06" 2.57+0.05°
Rb2 42.04+2.11° 45.53+2.18° 37.84+3.54" 24.32+2.014 18.07+1.19° 22.99+1.98¢
Rb3 6.31+0.12° - 3.88+0.04¢ - 1.91+0.03¢
Rg2 - 1.77+0.09° 1.92+0.03" 2.56=0.10° 1.97+0.08" 2.06=0.09"
Rh1 - 0.26+0.06¢ - - 0.84+0.05" 1.03+0.03?
Rd 7.82+0.09° 8.49+0.08¢ 9.11+0.03¢ 11.3920.19° 12.09+0.09° 11.56+0.38"
Rg6 1.71+0.05¢ 2.10+0.03% 2.56+0.03" 1.96+0.05“ 2.26=0.11¢ 5.02+0.18
Rh4 - - - 2.15+0.05¢ 8.73+0.13? 2.70+0.12°
Rg3 - - - 2.03+0.10° 4.37+0.12° 6.64+0.12°
Rk1 - - - 0.83+0.09" 4.82+0.08
Rg5 - - - 0.66+0.09¢ 2.00+0.08" 6.06+0.29°
Com. K - - - - -
Rh2 5.31+0.05° 3.37+0.02f 3.46+0.07f 1.73+0.09' 1.97+0.08" 2.98+0.058
Rh3 3.34+0.05° 2.63+0.06¢ 3.25+0.06% 2.29+0.05¢ 2.59+0.03¢ 3.50+0.07°
Total ratio 100.00 100.00 100.00 100.00 100.00 100.00
Yield 4.42+0.117 4.23+0.06% 4.36=0.02° 4.25+0.05% 4.18+0.08" 4.44+0.10°

Y—; not detected. *Mean values = SD from triplicate separated experiments are shown (n = 3). Means within a row followed by the same letter
are not significantly different based on the DMRT test (p < 0.05).
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