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Development of Mixed Tea Prepared with Roasted Mulberry and Peppermint Leaves
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ABSTRACT

This study was designed to optimize the mixing ratio of roasted mulberry and peppermint leaves to enhance the physicoche-
mical properties of the blend using RSM (response surface methodology). The roasted mulberry leaf (X;) and the roasted
peppermint leaf (X;) were independent variables, and antioxidant activity (Y;) and a-glucosidase inhibitory effect (Y;) were
dependent variables. The antioxidant activity and a-glucosidase inhibitory effect was maximum when the mixing ratio of the
roasted mulberry leaf to the roasted peppermint leaf was 0.53 : 0.75. At this ratio, the total polyphenol content was 46.37
mg TAE/g, the total flavonoid content was 37.24 mg QE/g, DPPH radical scavenging activity was 71.44%, ABTS radical
scavenging activity was 37.66% and a-glucosidase inhibitory effect was 53.59%. In conclusion, this study successfully derived
the optimal ratio for a blend of roasted mulberry and peppermint leaves, at which the antioxidant activity and a-glucosidase

inhibitory effect were maximal.
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3} E-21 DNI(1-deoxynojirimycin) & F45-5HA g3t a
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st Zend Al ek A U=7F FolAa e eyl yHyE 9 747} 150 g’ﬂ:% 200C =2 F(HP-331,

T4 THKAFFTC 2019). Dongyangmagic, Seoul, Korea)°l ¥ 583 Z2H, 58It
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1st pan—frying of mulberry and peppermint leaves
at 200C for 5 min
! Stage 1
Rubbing to be rolled of mulberry and peppermint leaves
for 5 min after 1st pan-frying and cooling
|
2nd pan—frying of mulberry and peppermint leaves
at 95T for 3 min
| Stage 2
Rubbing to be rolled of mulberry and peppermint leaves
for 3 min after 2nd and 3rd pan—frying and cooling
l
3rd and 4th pan-frying of mulberry and peppermint leaves
at 60T for 3 min
| Stage 3
Rubbing to be rolled of mulberry and peppermint leaves
for 3 min after 4th and 5th pan-frying and cooling
|
5th, 6th and 7th pan-frying of mulberry and peppermint leaves
at 35T for 3 min
l Stage 4
Rubbing to be rolled of mulberry and peppermint leaves
for 3 min after 6th, 7th and 8th pan—frying and cooling
l
Drying of mulberry and peppermint leaves
for removing moisture —— Stage 5
at 30T for 1 h according to residual moisture condition

Fig. 1. Roasting procedure of mulberry and peppermint leaves.
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Total polyphenol &2 F- k-2 A8-3l= Singleton
VL & Rossi JA(1965)2] < ﬂﬁé sto] S8t A=
350 pLell 50% Folin-Denis A]2F 70 yL= 7}te] 3837+ A%
3F 2 2%(w/v) Na,CO; 59 350 ]JL*‘ A7kske] 1A]17E HES-

A1Z1 % ELISA microplate reader(Infinite M200 pro, Ménnedorf
Switzerland) & ©]-83l] 750 nmolA FHEE S35

Table 1. The experimental design to optimize of mixed
ratio of roasted mulberry leaf (X;) and roasted peppermint
leaf (X;) by response surface methodology

Actual values
No.

Xi () X; (g)
1 1.71 0.50
2 1.00 0.15
3 1.00 0.50
4 0.50 0.75
5 0.29 0.50
6 1.00 0.85
7 0.50 0.25
8 1.00 0.50
9 1.50 0.25
10 1.00 0.50
11 1.50 0.75
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3) Total Flavonoid &2t
Total flavonoid %2 Davis WB(1947)2] WHH S ®¥3s
o =4339tk A& 70 pLell diethylene glycol 700 pLE 3
7Fsta ©HAl 1 N NaOH €9 7 uLE 3718t 3 37CoA] 1
AlZF WHS-A17] 2 ELISA readerS O]Q-O]'Oﬂ 420 nmol| A
£ =739t} Total flavonoid $HaF

s
o A BEBNo2RY P

i

5
=]
2 quercetins ©|&

4) DPPH Radical 27=

DPPH(1,1-diphenyl-2-picrylhy drazyl; Sigma-Aldrich, St.
Louis, MO, USA) radical £7]%< Blois MS(1958)2] HI'H-2-
A slo] 2481tk AR 100 pLol| 1.5 x 10* M DPPH &
A 100 uLE 7hste] Aol HeA 308 FAT =
ELISA readerS ©]83t 517 nmol|A] T3 =S =431t}

5) ABTS Radical 2Hs

ABTS(2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic
acid; Sigma-Aldrich, St. Louis, MO, USA) radical &7
Fellegrini N 5(1999)2] W& WEPsto] 4315

ABTS 7.4 mM3} potassium persulphate 2.6 mM2 22 H]
gi o7 St el WA skl ABTS Yol2< &
A1Z1 % 732 nmol| A S3= ko] 0.70+0.027} & == 1xPBS

2 3|143t9t). 34" ABTS §9 190 uLoll F&5 A& 10
uLE 78kl 1083 X3k & ELISA readerE ©]-8-31<]
732 nmell A FRE=E S

6) a-Glucosidase X3l =4

a-Glucosidase A3l 42 Li T 5(2005)2] W& ¥ s}
of ZAsIch

Z¥z}o] welloll A& 50 uLe} 100 mM phosphate buffer(pH
6.8) 90 uLE 22 ¥ 10 mM phosphate bufferel] 0.2 unit/mL
FL2 =9 a-glucosidase 20 pLE ¥ 37CoA 158 <t
preheating AlZTh 712 E AMS-¥ 2.5 mM 4-nitrophenyl-a
-D-glucopyranoside(PNPG)<+= 100 mM phosphate bufferol] <=
o] 40 pLE F7Fsked 37°CelA 2583 vkg-A17] & ELISA
readerE ©]-&3te] 405 nmolA FHEE S & TS
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413t 2 &4 A= Design Expert 10(Stat-Ease Inc., Minneapolis,
MN, USA) Z2 3-8 ARl om, g3 H A H(RSM:
Response Surface Methodology)e] FA13/d A& A A
et 11709 284S A3 ekt

SHHee 228 BdX)T HAUE (X))o e
2 a9, o] Ade AH 228 BUX)e Ha E F
) MY E 0.50~1.500.% Agst]on, 228 FHvE 9
(X2 Ha 2 H HYE 025~0.752 A5 Th

F& WM total polyphenol 3, total flavonoid T,
DPPH radical 227%, ABTS radical 27, a-glucosidase #]
gl o= AAsiich AddA o & A85-E Table 1
off AAIE uke} Z}

5. EA|XZ]
Ad A5 F47 24 8= Design Expert 10(Stat-Ease
Inc., Minneapolis, MN, USA)< ©]&35}9 1, o] BE A&

HoFAl o} BRI

S g9lo] 37 o]/dSl 749 one-way ANOVAZ
13932, Duncan’s multiple range testZ 7t Al& 7t
zpolol] thek AL HA S o] FF 5%ClA AAIBHE

1. 2EAE U0} HHIE o Sist &y

22 297 fHYE I 2=H60T, 800)E F&
. total polyphenol, total flavonoid &%=} DPPH radical,
ABTS radical 2755 #2]3}e] Table 29} Table 3l 7}7}
AABFAT.

22E WS 60T 80TA FE3 AIREY total
polyphenol 322 52.06~57.81 mg TAE/ge] WM& vFebyk
o1, total flavonoid Tg-2 245.36~414.39 mg QE/g2] W4
2 YERLT] Total polyphenol 333} total flavonoid &3 &
F 80TolA FE3 A|R(RoML80)7} B7d°] 7HE &7 v

12574=4
228 AHYUE 4S5 60T 80TColA F23+ A 859

= SPSS statistics 24(SPSS Institute, Chicago, IL, USA)E ©]
B3t} EEAAG YA L Tl BA BAE LB

Table 2. Total polyphenol content and total flavonoid content of roasted mulberry and peppermint leaves by temperature
(60T and 80T)

Samples” Total polyphenol content (mg TAE?/g) Total flavonoid content (mg QE”/g)
RoML60 52.06+1.179 245.36+3.53¢
RoPL60 63.02+1.15° 600.72+6.08"
RoML80 57.81+0.74° 414.39+3.25°
RoPL80 64.10£1.58° 774.00+2.38"

D RoML60: Roasted mulberry leaf was brewed at 60°C, RoPL60: Roasted peppermint leaf was brewed at 60°C, RoML80: Roasted
mulberry leaf was brewed at 80C, RoPL80: Roasted peppermint leaf was brewed at 807C.

? TAE: Tannic acid equivalent.

® QE: Quercetin acid equivalent.

9 Mean£S.D. (n=3).

% Means with different letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 3. DPPH radical scavenging activity and ABTS radical scavenging activity of roasted mulberry and peppermint
leaves by temperature (60°C and 80C)

Samples” DPPH radical scavenging activity (%) ABTS radical scavenging activity (%)
RoML60 73.33+0.56”") 22.63+0.48°
RoPL60 72.87+0.25° 87.36+2.06"
RoMLS80 73.97+0.24° 34.7440.96°
RoPL80 75.1940.50° 93.50+0.14°

Y RoML60: Roasted mulberry leaf was brewed at 60°C, RoPL60: Roasted peppermint leaf was brewed at 60°C, RoML80: Roasted
mulberry leaf was brewed at 80C, RoPL80: Roasted peppermint leaf was brewed at 80C.

2 MeanS.D. (n=3).

® Means with different letters in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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total polyphenol -3 W<9|= 63.02~64.10 mg TAE/go. 2 1}
Elst o™, total flavonoid -2 600.72~774.00 mg QE/g9]
‘ﬂ«ﬂi UEFITE Total polyphenol &%} total flavonoid &+

EE 80TolA =3+ Al 5(RoPL80)7} &Ado] 71 =4
‘/}E}‘J";}

228 oyl HuvE o BF 80TA FE3 A5
A total polyphenol &%} total flavonoid &aFe| =4 e}
wom, 228 FHUE o] 228 BAHTH total poly-
phenol €3} total flavonoid E&e] =34t} ©]= Yoo SM
(2019)2] AFNA H|HWUEZ}FS] total polyphenol ko] #
YapET} § =3 A7 Hwang AR(2019)2] 7ol =3
WEZL] total flavonoid o] BAXETH o] E94d A3
|8tz Aot
22E WS 60T 80T ©] DPPH
radical 2A 52 247} 73.33~73.97%2] W Z YElykon,
ABTS radical 22752 22.63~34.74%<] W92 Uebsich
DPPH radical 22752} ABTS radical £27% 5.5 80Tl A]
=3 A= (RoML8O)AIA &Ae] 7P =4 etk

228 HIVE dg 60T} 80TANN F23 A 2E]
DPPH radical 27]%< 72.87~75.19%2] W2 UEho
™, ABTS radical 7% 87.36~93.50%2] |2 e}
w2t} DPPH radical &7 %3} ABTS radical &7 % E5F
80Tl A F23+ A] E(RoPL80)IA Z4o] 71 =A et
st

228 Wolyl HTIE 9 BT R0TolA FZ3S o
DPPH radical 227453} ABTS radical 227 %5°] =4 U
om, 228 HIRE lo] 22 EHT DPPH radical
22752 ABTS radical 2274 %°] #S8kt} ©]= Hwang AR
(2019)2] Aol A H T EA}FS] DPPH radical &~7%5°] %
QAT B =9 A3} Yoo SM(2019)2] Aol A HlHwl
Ezte] ABTS radical &27]50] BAAHET o =d A
A2 sh= AIfoltt,

228 Boa HHVE <] BT 80T FEI& o
60CoA F=& AXT o w& ikt Aol vehdth
ol gt At RaE HEE A HW dE sEY F
=2 golaA & & Jdota 3 A7 (Yun UJ T 2012)9}
Jung YH 5(2019)2] Aol 2o & 227} Eold4
= total polyphenol $t&Fo] Z715lar, DPPH radical 24 %
o] =A veld A LRsk= Z ot Phenolic acids<}
stilbenes 52} 22 = FEL 35ty HoEHARZ 2

g3t AFe] 571eE AFAIA F71= 2ok(Shahidi F
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22E BAX)T ANRIE Xy FHHUSE S
RSMell ojaf AAE 117]2] £t Al 5E59] total polyphenol

ek total flavonoid 2, DPPH radical 4~7%, ABTS
radical 275 45t Z}zte] S 32 Table 4°l], =3
kel i3t 3] 42 Table 59 A|A|sFSTh

Table 4l A|A|E v} o] 2AEH ‘—*-‘1%13} HHRE <]
312k A|2E9] total polyphenol HEF-2 21.40~46.58 mg
TAE/g9] H92 Yepyth 1 71 %9:‘ 1.00 gz #HHW
E 9 085 g= %3 61 A 59 total polyphenol &o]
46.58 mg TAE/go.2 &do] 71 A Yehsith

Table 59l A|A|E v}e} Zo] total polyphenol &2 2FI
(two factor interaction) model®] A7 =t} Aol Tt &
A2 RS 0989602 YEMEO™, pghe <0.0001 2 -
oAl Yebdtl T3 Fig. 2-(a)°l] AAIE perturbation plotol]
mad 248 fIUE (B)o] RAE E(A)KT} total
polyphenol 3l o & &2 + o= Ysuith

Table 4] A upe} o] 228 EU3} HHTE
£33} AR5 total flavonoid T2 23.29~4554 mg
QE/ge] W9 & Jepdt}. 1 7ped] el 1.50 g7} HHVE
A 0.75 g& £33 11'H A 59 total flavonoid E3Fo] 45.54
mg QE/gl 2 &/do] 7FF =A JET

Table 59 A|AJE v} o] total flavonoid T2 linear
model°] G H et Aot et 8712 e] RS 0.712%
UERLom, pahe 0.0068%2 -o]8tA UERgTh w3 Fig.
2-(b)ell A|A1E perturbation plotol] W2 ZAE Byl 7
28 HHYE o BF A7} v &o] S71E4E total flavo-
noid o] EolAl= Ao Yehsith

Table 4l A|AJE vpe} o] 228 B3} HHVE
33} A|5E2] DPPH radical 47%5-& 59.50~74.18%2]
M= vetstth 1 7k e 1.00 g2 HERE 9 0.85
gg &3 6 A|52] DPPH radical 227]°5°] 74.18%% &
dol 71 A YERsTh

Table 5 #|A]¥ wupe} o] DPPH radical 4752
quadratic model©] AT} Azl that 3]H 2] RPghS
0.9594% UERtom pgke 0.0003 0.2 428k LrElsTh
E3F Fig. 2-(c)oll #A|A]E perturbation plotel] W= 2 AE
HHRIE glo] 28 ¥IHT} DPPH radical 2275l T
2 9FE T o= YERTh Lee IS 5(2007)2] Aol A
AW Q) 3ke] DPPH radical £27%5°] 29.97%2 ViRt
A Z AFE vl Boke o 228 29y AHnE
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Table 4] A|AJE nie} o] 2oy oy} HIRE 9}
3} A|8E9] ABTS radical 27%S 18.91~40.60%<]
W= Yepydth o 7k 8l 1.00 g2} 39 0.85
g2 =33t 61 A 8] ABTS radical 27]%5°] 40.60%% &
’dol 7H¢ =A YErsiTh

Table 5o A|A|E vle} Zo] ABTS radical 22752 linear

uleE ol

U— X

A9

. 7

el

HoFAl o} BRI

model°] A= ATt Aol gk 3591249 RP3HE 097472
YUeRg o, pgke <0.0001 2 25kl YERsItl B3 Fig,
2-(d)ell AA1E perturbation plotel]] WEH 28 Wiyl 2
28 HAHRE o mF 37} W&ol 7SS ABTS
radical &A%°] ToRE Aoz Yelyth £3] ABTS
radical 52753} total polyphenol $H&F TSl A %2 100 g
I HAHYE o 085 g& T 6 AR Dol M =
Al YElstE=t], ©]& total polyphenol $F2} ABTS radical 4
A Ateldle 2 WS Yehdtta B3gk Ham HM

Table 4. Antioxidant activities of mixture of roasted mulberry leaf (X;) and roasted peppermint leaf (X;) by response

surface methodology

Total polyphenol

Total flavonoid

DPPH radical ABTS radical

No. X X content (mg TAE”/g)  content (mg QEY/g) scavenging activity (%) scavenging activity (%)
1 171" 0.50 34.92 37.58 62.00 30.99
2 1.00 0.15 21.40 23.29 61.66 18.91
3 1.00 0.50 34.94 39.50 63.78 30.03
4 0.50 0.75 46.48 41.58 7237 38.27
5 0.29 0.50 37.38 24.46 67.29 31.63
6 1.00 0.85 46.58 38.29 74.18 40.60
7 0.50 0.25 23.71 25.00 64.50 21.15
8 1.00 0.50 3537 39.01 63.07 30.69
9 1.50 0.25 26.91 37.39 59.50 25.36
10 1.00 0.50 34.43 40.12 64.25 29.48
11 1.50 0.75 42.79 45.54 73.49 38.01

D 11 mixture samples were brewed in 200 mL of 80°C water for 3 min, respectively.

2 TAE: Tannic acid equivalent.
9 QE: Quercetin acid equivalent.

Table 5. Analysis of predicted model equation for antioxidant activities of mixed tea of roasted mulberry and peppermint

leaves
Response Model Mean R? Y Fwvalue p-value Lack of fit Polynomial equation”
Total polyphenol
ota C(‘jztzi ene oFP  34.99£1.03 09896 22097 <0.0001  0.1425 +34.99-0.50A+9.28B — 1.72AB
Total flavonoid content Linear 35.61+4.58  0.7123 9.91 0.0068 0.0110 +35.61+4.36A+5.74B
DPPH radical . +64.42 —1.42A+4.95B+1.53AB
| radieal Quadratic  66.01+133 09594 3541 00003  0.1286 A
scavenging activity +2.18B
ABT ical
S radical Linear 30474122 09747 15381 <0.0001  0.1738 +30.47+0.38A+7.56B
scavenging activity
D 0<R*<1, close to indicates regression line fix the model.
? Coded equation (the levels of the factor are coded as +1 ~ —1), A: mulberry leaf, B: peppermint leaf.

3 2FI: Two factor interaction.
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Fig. 2. Perturbation plot of mixture of roasted mulberry leaf (A) and roasted peppermint leaf (B) on total polyphenol (a),
total flavonoid (b), DPPH radical scavenging activity (c), ABTS radical scavenging activity (d) and a-glucosidase inhibitory

effect (e).

5(2015)°] Ao} dX|sh= Aol mebs B AFelr e 228 X)) AVUE 2(Xy)
Aol &44art AW w315 53 kst Ay = SYPHSFE Sto] RSMel oJ3l] AAE 1170] 3¢t Al
o] F0o Aoz zgshy, AU 2" FAAAE FE9 a-glucosidase A3l B =% 5te] S 3ES Table
SOD, CAT, GPX &9 3itstast rtstalsd] oJs) Al 6oll, S gkoll tldt 3|72 Table 79 A|A|SHATE Table 6
2 4= 9lt(Jang B 5 2010). & Ao ZAE] Bely] of AAE ule} Zo] g-glucosidase A3 AL 2596~
HAHWNE o 3=z} A|8E9] DPPH radical 27]%50] 55.88%°] W= JEbGTh 1 ke ®el 050 g7} H
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Table 6. a-Glucosidase inhibitory activity of mixed tea ot
roasted mulberry leaf (X;) and roasted peppermint leaf (X;)
by response surface methodology

a-Glucosidase

No. X X2 inhibitory effect (%)
1 1.71Y 0.50 34.46
2 1.00 0.15 31.08
3 1.00 0.50 45.13
4 0.50 0.75 55.88
5 0.29 0.50 47.94
6 1.00 0.85 38.05
7 0.50 0.25 36.14
8 1.00 0.50 44.08
9 1.50 0.25 32.27
10 1.00 0.50 43.59
11 1.50 0.75 25.96

Y 11 mixture samples were brewed in 200 mL of 80°C water for
3 min, respectively.

11.34%= Eﬂ‘ﬂﬂal a-glucosidase #]3l E-go| HHUERE
oo =2 AR Yeyth 28 8 Jﬂ-ﬂ HE 9
Z33}o] a—gluc051dase A&l 243(55.88%) = S - A
Zxtel W2K27.37%)<t BIHTEALY] a-glucosidase A3l
24(11.34%) S 2H2F 243 Hwang AR(2019)2] AFE H)
wal Bk wf, 228 Bly HHRIE 9o &3 A5
] a-glucosidase A3 &4 °] Hwang AR(2019)°l] |3l =4
vehd 212 228 Bold HHRE 9 Sl ofg AR
BHE Azt

A=
A e el s a-gluc051dase A& Aol HuzE I
& 2om RO AHAE 29 A4 £PIEE T 9

GEE: JebAlol fokinavast

3 F<EWFE total polyphenol T, total flavonoid &,
DPPH radical 475, ABTS radical 7% 2 a-glucosidase
;qéH %@’% ﬁxé] 0}‘M
228 B3 AHYE o] A4 g FHd e
0.50 g~1.50 g¥ 0.25 g~0.75 g & AH st} &
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< 37.24 mg QE/g, DPPH radical &7 71.44%, ABTS
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Table 7. Analysis of predicted model equation for a-glucosidase inhibitory activity of mixed tea of roasted mulberry and

peppermint leaves

Response Model Mean RY

F-value

p-value  Lack of fit Polynomial equation”

a-Glucosidase

5142,
inhibitory activity(%) 39.51£2.73

Quadratic 0.9405

23.73

+42.75—-6.61A+2.91B

0.0008 —6.51AB—4.46B>

0.0545

D 0<R*<1, close to indicates regression line fix the model.

? Coded equation (the levels of the factor are coded as +1 ~ —1), A: mulberry leaf, B: peppermint leaf.
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Design-Expert?Software
Factor Coding: Actual
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Actual Factors
A: mulberry leaf = 0.53
B: peppermint leaf = 0.75
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A: mulberry leaf

Fig. 3. Perturbation plot and 3D response surface model graphs for the effect of mixed tea of roasted mulberry leaf (A)
and roasted peppermint leaf (B) on antioxidant and a-glucosidase inhibitory activity.

TAE/gC 2 71 &7 UER%S ™, total flavonoid &3 W
A 1.50 g HHUE 2 0.75 g& T3 11 A 57] 45.54
mg QF/gl.2 71 =7 Yelwt). DPPH radical &7 53}
ABTS radical 2271%-2 %2 1.00 g7} FHUE 2 0.85 ¢
233 6 A =7 242t 74.18%, 40.60%% 71 =4 e
Wt} a-Glucosidase A3 2442 %2l 0.50 g2 HAHTE
0.75 g& &334 A 87} 55.88%% 7 =A JERdT

ksl D43 a-glucosidase A3l E/do] Hl= UAH
228 B9 HHRIE <o) HA 23 vl 2oy B
(A)°] 0.53 g, 228 FHUE YB)o] 0.75 g& Wt o]
1w total polyphenol -2 46.37 mg TAE/g, total flavonoid
3tk 3724 mg QF/g, DPPH radical 22752 71.44%, ABTS
radical 22752 37.66%, a-glucosidase A3l 42 53.59%
2 o SHIAT

olie] Ay} 2E #l 053 g¥t 2AH HYTE 9
0.75 g E3ake grtsletd Bk olyel, @A E =
0] He= 71548 5524 S8V S Be R A7Enh
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