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Abstract

Ulmus pumila L. bark underwent distilled water extraction under three temperature condition (4°C, room temperature,
or 80°C) and two extraction times (1, or 5 min) in order to develop a functional beverage products. Changes in
yield, pH, color, total phenolic (TP) content, tannin content and antioxidant activity of the aqueous extracts were
evaluated for each extraction temperature and duration. Extraction conditions did not affect yield or pH value of
the extracts; however CIE b* values were high in extracts prepared under high extraction temperature (80°C) and
long extraction duration (5 min) conditions. Both extraction temperature and duration affected the TP and tannin
contents of the extracts; however, all extraction conditions resulted in >450 mg GAE/g TP content and >80
mg CE/g tannin content. All extracts exhibited ABTS and DPPH radical scavenging ability similar to that of
vitamin C. Nitric oxide inhibition activity was lower in the S min duration sample than in the 1 min sample.
The 4°C extraction temperature produced an extract with the highest reducing power and hydrogen peroxide values.
Extraction temperature also affected sensory evaluation results with the 80°C extraction temperature producing
significantly higher flavor, bitterness, and color score, than those obtained under 4C and room temperature extraction

conditions.
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H 352 naringenin-6-C- ZD-glucopyranoside, tetrahydroxy-
dihydroflavonol-6-C- ZD-glucopyranoside, trihydroxydihydro-
flavonol- 6-C-3D-glucopyranoside= =& 322] 315
Eghrhal B EAThE).

gg4kaFol g} B8] = ROS(reactive oxygen species) =
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21 JAkst 2AE FaAt sk A77E AF A 2okl
A e AgPEa o

T g I A4 Fe A B3k <
sto] Al4le] ok Bl el =RS Fe Ve 58l
gk #4lo] ol a Qith12). L T4l A& f Vs
d S35 172 phytochemical & gHf-3laL
TS e, ofeEe & UEaL g
olffZ A=A % g AAE o] 8F
zke] Ag7h SEsHAl w5 9lvh(13,14). 53,

A=

2
E Aol GUT, ok, AU, BUT 5L 0§

¢

@ N4 &

gt S8 Ay e HydsHan ot
(15-18), AEZA Q1 il Fula]E o] 83t 7|54 &
AAN7HA] Y= A Skt

M e FHIE 71T 5= AHSSE
A, = 9 A7kl 2 fule) e FEES AR

M=

2,2-Diphenyl-1-picrylhydrazyl(DPPH), 2,2 " -azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid)(ABTS), potassium persulfate,
potassium ferricyanide, trichloroacetic acid, Iron(Ill) chloride,
hydrogen peroxide, peroxidase, Folin-Ciocalteu’s phenol

32 A23d A7E (2016)

reagent, gallic acid, sodium carbonate, ascorbic acid(vitamin
C) 52 Sigma-Aldrich Co.(St. Louis, MO, USA)Z5-E 4%
st om, 1 9, dddo] ARG Aok AR O 2 Sigma
(Sigma-Aldrich Co.)2%-E F3te] AMg-at3ich

7o =84 FEE M=

3 At ARS-S F9 5] (bark of Ulmus pumila)= 72
el A g 7Y & &
(HMF-3260S, Hanil Electric, Seoul, Korea)& ©]-8-3}] 2
mesh ©|ot= £ F FeolA st 9] g5
Az WHe 1 g9 g A5 100 mLe] 4C, room
temperature(RT), 80C2] T/HTE H7late], A4 1+
2587 Wk glo] B, A& FESUTE 44| 5=
< filter paper(Whatman No. 3, Whatman, Maidstone, UK) =
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A FE25(1% %5, w/v)Z} Orion Star A211 pH meter
(Thermo Fisher Scientific Company, Waltham, MA, USA)E
o] &alo] =algjom, AMEE AAA (Ultrascan VIS,
Hunter lab, Reston, VA, USA)E- ©]-&3}] 33] wHE =43}
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DPPH(2,2-Diphenyl-1-picrylhydrazyl) 2}tz &5
Cho 5(9)] W& o] &3te] 43Tt 70% ethanol=
Abgste] &8lA171 AlE 0.1 mL$ 0.4 mM DPPH &)
0.1 mLE &3 5, 30% Bk hhelA] whg-sisinh
Microplate reader(Molecular Devices, Sunnyvale, CA, USA)
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ABTS(2,2 " -azino-bis(3-ethyl-  benzothiazoline-6-sulfonic
acid) 2}tz 274 %& Re 5(19)9] WH o2 S48t
7 mM ABTS £-23} 245 mM potassium persulfate S &35
o] W A JE| = 12~16A17F Bk Ad2ollA] ukgAA
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ABTS %ol 2 344120 F, 734 molH FH= ol
070£0.027} H =% Fro| @SS o] g3te] 2ARL

A= 50 pL<} 150 uLe] 3A¥ ABTS £4S H7lslm
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Ath ABTS &0z 24 %L ofgle]
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Nitric oxide(NO) #t]Zd &A%
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b ZoF vkeA17l F 1 mLA #H 3k, 2% acetic acid 5
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acetic acid; B, 1% naphthylamine in 30% acetic acid) 0.4
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Hydrogen peroxide 275 Heo 5(21)¢] W< §&
sto] 2331t} A& 30 1L, 0.1 M sodium phosphate buffer
(pH 7.4) 100 1L, 2 mM hydrogen peroxide 15 uL & &%t
&, 35CeA 5% ¥-&-3kal, 1.25 mM ABTS 25 1L,
peroxidase(1 U/mL) 25 uLE 371ttt % hydrogen

< microplate reader 410 nml| 4] SF =&
2lg o] &3] ALttt

peroxide £~A 5
273 7, okl

H,0, 22 47 %=[(Ac-As)/Ac]*100

Ac : BA B 3%
As : AlBT TEE

Reducing power
Reducing power= Cho 5(9)¢] WS $-83sto] %3}

%t} A& 0.5 mL, 0.2 M sodium phosphate buffer 0.5 mL,
1% potassium femcyamde 0.5 mLE &33te] 50TCelA] 20
B HkSAI71 & 10% trichloroacetic acid 0.5 mLE Yo 5
I 12,000 rpmol| A 10% F<F QA EE] ST YAl =
1.0 mL 4542 0.1% Iron(IM) chloride 02 mLE 74 7}35}
of 2ol 1053+ WH-8-3}aL microplate reader 700 nmel| 4]
SHLTE S7 33T} Reducing power?] 922 vitamin
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@! n:lo(

Total phenolic content

kg 2o A FE2E 93] FEE9 total phenolic
$H2 Kahkonen 5(22)°] Hell whal S5k o,
Folin-Ciocalteus ©]-83t9th 2 A& 500 uL ©f 1.0 M
Folin-Ciocalteu’s reagent 250 pL, 12.5%(w/v) sodium carbonate
_9_014 1.25 mLE g?g}o}o% /d&/] o]-/koﬂ}q 40_,ﬁ7]- uT—;q
% microplate reader 750 nmol| 4] ?TJJ'E-‘;_‘ *fjé G
Total phenolic 2] %2 gallic acidE& A7 o] &
st o, A Fof g% total phenolic ?E, < mg GAFE/g
sample 2 YER AT}

Total tannin content

Total tannin content:= Gunaratne 5(23)2] WHS 385
o] 2431t} A& 400 pLe} sulfuric acid/methanol(3:7,
v/v) €94 1 mL, 1%(w/v) vanillin € 1 mLE &3 s}t
30°Ce| A 1587t ¥k 3,5, microplate reader 500 nmoi|A|
THR=E =7 O}Oﬂﬂr % tannin content™ catechinS A &
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2 AFelA i Be A ko R 43 gk
Bt EFAAE Jehilon, 4% Aol SAA 19
L, 0 ne—way analysis of variance(ANOVA) #2415 3] 3}
Atk AF 2 FolA B2 Tukey’s testE ©]-8-3t] H
kel e }” p<0.05 ool A6kt 23
SA 242 SAS 9.3(SAS Institute Inc., Cary, NC, USA)
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A FEEC] pHE 5.77~5.942 Hom, sy =84
FEE FE LE g 35 ARt W pHE| Afole A
Kol ¢ksyrt. @, f93 £84 FEEY Hre

Table2¢] YERARIT, 81715 YERl &= L ghe] 49.81~55.36
o' Yo, 4T, 18 FEE°] 4981% 7HE Y& L
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Table 1. Yield and pH values of different water extracts from
bark of U pumila

Time (min) Yield (%) pH
e 1 15.10:036"" 5.85+0.09"
5 15.76+1.90" 5.9140.19"
1 15.79+0.27" 5.89+0.22"
Room temperature a* o
5 15.64+1.69 5.94+023
. 1 1627161 5.88+0.17"
80 C a* a¥
5 15.50+1.60 5.7740.22

DWithin the same treatment time and temperature, the values within same column
sharing a common letter and asterisk are not significantly different, respectively,
p<0.05.
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oA 7F Bre 2939 b FhS B om, 80T, 5% FEE9)
A 13592 7 =2 b @S BT oy A=
2 AEFE AZE wf /18RS PN Ert TrRtE A
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AAAQ fuly] 84 F5E<| DPPH 2U)Z 2452
100 pgmLe] F=2 A 2|ste] Fg 19 Yt 2t &%

o ME fuln 84 FEES *Ebii‘ﬂ 80C &4 —Zr%
E9] DPPH )z 47 %0] 7} 3} 4°C, RT 3
E% & DPPH oz &74%S etk 1 9 5%
o] A|7te] wE DPPH 2jt|z 7%*«] ztol= AA ERY
| ¥t g, Blat T e 2 /\}ﬁ?ﬂ ascorbic acid(100
ug/mL, 94.8%)2] DPPH &7 2A 5 Fo3] 84

A

FEEHTH88.9~92.2%) = UrEP*E} olelgt A4z}
= f99) 84 FEES 949 51%S ul DPPH 2tz
Ao Z7lelE AL oulEls A2 2 Heo 5(28)°]
B3k FG9) 355004 80T ¥4 5550 RT 5%

Xt} =& DPPH #u|Z &7 55 HRlths Aot I3
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Fig. 1. DPPH radical scavenging activity of different water extracts
from bark of U. pumila.

Within the same treatment time and temperature, the bars along the x-axis marked
with a common letter and asterisk are not significantly different, respectively (p<0.05).
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= YeERASIT OHU 84 FE59 ABTS gz &4
5 100 ygmL o] B2 Afelstel ehisiet, 2 ey
2 A|7h guly] =g =2Eo] ABTS Uz AA%
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A 2ASE v w2702 A28 vitamin C} B
5 100 pg/mL F =04 vitamin C= °F 94%°] ABTS
B]-E]%L -/—‘\—-7—1%% E(;a.g.]%, ot‘ﬂlq /\_Q_Aé ==1 0

TEET
89.9~91.5% % vitamin CE.T} W& ABTS 2ttt 245 S
Haoh
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Fig. 2. ABTS radical scavenging activity of different water extracts
from bark of U pumila.

Within the same treatment time and temperature, the bars along the x-axis marked
with a common letter and asterisk are not significantly different, respectively (p<0.05).

Table 2. Hunter’s color value of different water extracts from
bark of U pumila

Time (min) L a b
4 1 498120057 016001  293:0.02°
5 53.89+0.09°  -1.15:003"  9.87:0.10°
1 5339+0.07""  036:001"  6410.02""
Room temperature o e b
5 55.19+0.04°  -1.06+0.04” 11724004
1 5536£0.61°  0.15:004"  13.50£0.53"

80C

5 54051003 0.04£001°  13.59+0.06"

DWithin the same treatment time and temperature, the values within same column
sharing a common letter and asterisk are not significantly different, respectively,
p<0.05.
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Fig. 3. NO radical scavenging activity of different water extracts
from bark of U pumila.

Within the same treatment time and temperature, the bars along the x-axis marked
with a common letter and asterisk are not significantly different, respectively (p<0.05).
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Fig. 4. H,O; radical scavenging activity of different water extracts
from bark of U. pumila.

Within the same treatment time and temperature, the bars along the x-axis marked
with a common letter and asterisk are not significantly different, respectively (p<0.05).

win =84 F&5E9 reducing power

Reducing power: ferric-ferricyanide(Fe™) 7} ferrous(Fe™)
2 ¥ e Y e St ELeE, Alsdd EAst
<+ reductone®] F2 S ATH24). 9] 84 FEE
reducing power= 200 pg/mLe| F=E A g|dle] Fig. 5
eI 47T, 1% FEE°] 7HE 2 106.66%2] £+
H& B, 80T 5% FFES 0.16%= 4T 9] 48§
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Fig. 5. Reducing power of different water extracts from bark of
U, pumila.

Within the same treatment time and temperature, the bars along the x-axis marked
with a common letter and asterisk are not significantly different, respectively (p<0.05).
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H0, 1% 2A%3} go] 257} wold % )
BasgE, oe e A A Fas By 4

w2 ztold Ao} o JHth
Tulim| ~8M F&E9| total phenolic ¥ tannin content
A&l g% 9l phytochemical 4 #&-2 2 34t
st @A Ho|7] wiife] dvb oz ksl dde] A&
Ao R FAETH24). WEbA, & AP Fg] ¢
44 FEEY st dEe B4 95k total
phenolic?} total tannin ¥ 43t 93] +84
Zd] g% AUE total phenolic THFS 17 FEE2]
4T 84 FEE0°] 462.78 mg GAE/g sample, RT
84 F&Eo°] 506.11 mg GAE/g sample, 80 CF8-d =+
Z5°] 51244 mg GAF/g sample 2 =57} oA = total
phenolic &3Fo] 718} thTable 3). AT, 5& FEE2]
74§~ 541.33~544.83 mg GAE/g sampleZ <%0l W2 total
phenolic®] FHeFatel= A Kol &sith &4, & ©d
SH-2- total phenolic gz} Wit el AekS B, #9
9 F84 18 FEELS 4T FEE0] 9657 mg CEfg
sample, RT FZ%°] 96.38 mg CE/g sample, 80C F+&%°]
8343 mg CE/g sample = 257} Fold42 % el 3lafo]
451 tH(Table 3). B23h, 5% 58 9A] 257} Fold
FE % whd g2 91.62 mg CE/g sample© 4] 83.62 mg
CE/g sample = 7}223}9]t}. Total phenolic gH&Fy} % ghd
e FAakst AT g EAste] B, DPPH 2 NO
gz 75 A fi 2848 FEEY FE 2wt
S7tEEE st @Adol FTkeA7] ol total
phenolic g7} =& AWIS 7HAH, HO, SHE &AF
2 reducing power= FE2=7| EolHFE ksl EAo]
astd 7] wWiel & vd g5 =2 A s 7HE
Ao o JHt) AW, & Ao A= 4T, RT, 80T

¢y o

Table 3. Total phenolic and tannin content of different water
extracts from bark of U, pumila

Total phenolic content Total tannin content

Time (min) (mg GAE/g sample) (mg CEfg sample)
i 1 462.78:0.70"" 96.570.43"
54133£1.24" 91.620.22""
N 1 506.11£1.10" 96.38:121"
oom temperature . .
i 5 541.330.56" 89.1440.29"
. 1 512.44:0,54" 83.4320.14"
80T . N
5 544.83£2.11 83.62:0.22

"Within the same treatment time and temperature, the values within same column
sharing a common letter and asterisk are not significantly different, respectively,
p<0.05.
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Fig. 6. Sensory evaluation of different water extracts from bark of
U. pumila.
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