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Abstract

This study was conducted to determine the phytochemical constituents and organoleptic properties in mulberry (Morus
alba L.) leaf teas (MLTs) prepared by various processing methods, viz., roasting, steaming, and fermentation.
Phytochemical constituents, such as polyphenols, 1-deoxynojirimycin (DNJ), and y-aminobutyric acid (GABA), in
three different MLTs were quantified by high-performance liquid chromatography. In addition, their organoleptic
properties including color, flavor, taste, and overall acceptability were evaluated. Prior to the preparation of MLTs,
the three phytochemical constituents of mulberry leaves collected from seven different cultivars and two harvesting
seasons were quantified. Of the seven mulberry cultivars examined, Cheongil mulberry leaves harvested in June
and September were found to have moderate polyphenol, DNJ, and GABA contents, as compared with the other
cultivars. The the roasted mulberry leaf tea (RMLT) was found to have the highest content of total phenolics (2,714.7
mg/100 g), while the steamed mulberry leaf tea (SMLT) and fermented mulberry leaf tea (FMLLT) had the highest
contents of DNJ (125.6 mg/100 g) and GABA (245.8 mg/100 g), respectively. The scores of color, flavor, taste,
and overall acceptability of RMLT were significantly higher than those of SMLT and FMLT, which had a peculiar
color, flavor, and taste. Thus, each of roasted, steamed and fermented MLTs has characteristic phytochemical
constituents and organoleptic property, because of which they need to be further developed each suitable processing

method.
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Chlorogenic acid(CGA), rutin(RT), DNJ, phosphoric acid
= Sigma-Aldrich Chemical Co.(St. Louis, MO, USA) Z%-E,
isoquercitrin(IQT)-> Kanto Chem. Co., Ltd.(Tokyo, Japan) =
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Table 1. HPLC conditions for analysis of phenolic compounds in
mulberry leaf and tea

Item Operation condition
Waters €2690/5 HPLC system equipped with 2998

HPLC system photodiode array detector and autosampler
Column 5 um, 4.6x250 n:n,M (S:(_l{)/la(gklnpcr.(,) Effentown, PA, USA)
Flow rate 0.8 mL/min
Detector UV3s0, 350 mm
Tine (nin) ~ Aceonile %5 PO
0 10 90
20 20 80
Gradient 5 20 80
elution 40 30 70
45 30 70
50 90 10
55 90 10
60 10 90
1-Deoxynojirimycin(DNJ) &2 &3
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filter(PALL Life Science, Port Washington, NY, USA)Z <
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Table 2. HPLC conditions for analysis of DNJ in mulberry leaf
and tea

Item Operation condition
Waters €2690/5 HPLC system equipped with 2998

HPLC system photodiode array detector and autosampler
YMC-Pack Pro Clg
Column (5 1m, 4.6x250 mm, YMC Inc., Allentown, PA, USA)
Flow rate 1.0 mL/min
Detector UVast
Time (min) H,0 100% MeOH
0 45 55
16 45 55
Gradient
elution 19 10 90
22 10 90
25 45 55
30 45 55
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Table 3. Quantitative changes of polyphenols in mulberry leaves of seven different cultivars by harvest season

Phenolics (mg/100 g, dry weight)®

Cultivar” Harvest season

(month) CGA? RTY Q1Y QMG® AG? K3MGY  Total flavonoid

@ Tune 1,121.6 2325 1110 7212 i 196.0 12608

September 12615 1267 1310 5147 394 259.1 10708

o Tune 708.4 2555 1106 6145 Tr 1500 1,1306

September 919.7 1348 1710 5412 44 2157 1,107.1

Tune 7127 3354 144.1 817.6 Tr 1322 14204

56 September 1,0240 2843 2170 9733 25.0 268.8 1,768.4

June 6266 1460 87.0 5235 Tr 76.1 8325

o September 959.8 1436 1450 756.1 Tr 2632 1,307.8

- Tune 6776 2005 90.0 4716 Tr 450 813.1

September 1,0634 1540 1303 550.0 Tr 96.9 931.3

a Tune 1,169.3 314 97.8 7044 Tr 166.7 12003

September 1,0453 1154 1302 5372 146 2516 1,049.0

o June 1,085.6 3559 144.1 2959 Tr 95.3 891.2

September 9209 2113 204.0 3429 67.1 1717 997.1

©

w

)
)
'CGA, chlorogenic acid.
) .

=

IIQT, isoquercitrin.

9Q3MG, quercetin-3-C4(6 ” - malonyl)-B-D-glucoside.

DAG, astragalin.

9K3MG, kaempferol-3-0:(6 " - C:malonyl)-B-D-glucoside.

I, trace (<1 mg/ 100 g).

Each value is presented as mean of duplicate determinations.

DGR, Gaeryang; GS, Geomseol, SG, Sugae; SI, Sinil; YC, Yongcheon; CI, Cheongil, HO, Hongol.
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Table 4. Quantitative changes of DNJ and GABA in mulberry
leaves of seven different cultivars by harvest season

Contents (mg/100 g, dry weight)”

Cultivar” Harvest season

DNJ GABA
June 179.3 184.9

GR

September 144.6 823

June 108.5 1713

GS
September 91.1 939
June 1872 1614

SG
September 141.5 131.7
g June 1705 153.6
September 154.3 1214
June 142.8 2074

YC
September 79.9 171.9
June 1552 183.6

CI
September 84.8 114.7
June 196.9 188.0

HO
September 102.1 132.8

GR, Gaeryang; GS, Geomseol; SG, Sugae; SI, Sinil; YC, Yongcheon; CI, Cheongil;
HO, Hongol.
YEach value is presented as mean of duplicate determinations.
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mg/100 g), AG(14.6 mg/100 g), K3MG(251.6 mg/100 g)=
74zt Jebsith -gake] 79 CGA(1,445.9 mg/100 g)<]
ko] thzTtol vlal] frofA ez E=3kom(p<0.05), 1 &
< oF 149 F7keRTh 1 9 571 FefEieo| =9
FFE Z}7) RT(144.1 mg/100 g), IQT(168.6 mg/100 g),

B Hol

7l W}—E— k1l
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813)2] A26d Al1E (2019)

Q3MG(561.1 mg/100 g), AG(21.3 mg/100 g), K3MG(254.5
mg/100 g)°. = EHZ?LOH Hl3l F7batAtt A ake] A5
%ﬁ@’%\_ T = “HEU} 7LA ]’929—11], -‘:E,-o] CGA(361.6
mg/100 g)°] FHFe EHZ?LOH Hl3) frelA o g wgron
(p<005), L ek oF 3u] AT 1 9] thE ZEiH e
ol=¢] rekw 717} RT(25.2 mg/100 g), IQT(37.2 mg/100
2), Q3MG(99.6 mg/100 g), AG2.9 mg/100 g) = K3MG(@1.1
mg/100 g) & & x| vl fojH oz A7 sttt
(p<0.05). 3+, L F =2} 73 CGA(14.5 mg/100 g) ko]
T AbE T oF 1008 Stekom, 1 9] et ol= AJE

= A9 WOVM EABHA & T (p<0.05). o]} o]
Fraakel A9 s3] el vha S7kek v, g
b9 g ape] 7 dlEsiREe] o] A4de] A4
omn, £35] wgate] 7ta Fol 7P AA ‘)rE]r”":]' Lim
S(14)2] Aol <shd 2SS 350T EL £E2 Fo}
faxeletd AEddEol AA #adS Hudg upt
AR Lee$} Choi(11)E 180220 Col|A] &S wj&= <3
7] S7KFE Bk vt vk o= 71EAE Al 27]ele
Azt dEol S7RItE 7t emrt w2, vt
AAZto] oA 45 AN w5352 B2 ol

ZAxate H1(2324)S 9ue Fo) 3l Bexie]
ﬂ]%ﬂ‘@—%‘q ?:]{ ] 57]—?‘5]—]1]»—‘: }‘]'/é_]% ] OJE\‘: D]—__
A A TE R o) TRAS S ) 5 SlssE
o] S7kthE Kim 5(25)9] 727kt dAsiqitt ol

g o= Lee 5(26) HoAe Y F & WizHo]
g 5o HE3etEo] 44 FZHQ7] wolgtn 519
14. 7%1;2]_9] _\ﬂ]lé—.g]_alﬂA 71—/\L~ o o 13.1 k}-

A AlZEx2] 0 w3l o3t HE3ghEe] ol

2 AR, o] 3 A= ~Ex e A ];\11]:‘ ﬂo}
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3= polyphenol oxidase 4 S712 71Q1d Aoz iz]——%
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Table 5. Contents of polyphenols in mulberry leaf teas treated with three different processing methods

Mulbet ) . Phenolics (mg/100 g, dry weight)

leaf Ty Significantly” ; S p ; -

cal tea CGA? RTY Q1Y QMG AGY K3MG” Total flavonoid

Control 1,045.3+41.99 11544102 130.2+12.0° 53724209 14.650.7° 251.6+15.9 1,049.0+17.2°
Roasted tea 1,445.9438.1° 144.1£12.0° 168.6+13.3" 561.1425.0° 21.340.5° 2545+16.8" 1,268.8+18.2
Steamed tea 361.6+25.4° 252409 37241.0° 99.6+2.80° 29+0.0° 41.1£1.0 208.0£11.0°
Fermented tea 14.5+0.6° ND 12.6+0.3¢ 2.840.0° ND ND 16.5+0.3°

1),

" Siginificantly different (p<0.05) among samples in a row.
'CGA, chlorogenic acid.
) X
)

© N

Y1QT, isoquercitrin.

'Q3MG, quercetin-3-(6 ” - malonyl)-B-D-glucoside.
9AG, astragalin.

PK3MG, kaempferol-3-0:(6 " - C:malonyl)- B-D-glucoside.
SEach value is presented as meantSD (n=3).

o

%alues in the same column with different superscripts are significantly different (p<0.05).

OND, not detected.
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Table 6. Contents of DNJ and GABA in mulberry leaf teas
treated with three different processing methods

Contents (mg/100 g, dry weight)

Mulberry leaf tea
DNJ GABA
Control 7575209 118.0£2.9°
Roasted tea 50.4£3.3° 06.52.3°
Steamed tea 125.6+7.5° 59.9+1.4°
Fermented tea 39.52.2¢ 245.845.3°

YEach value is presented as meantSD (n=3).

24Yalues in the same column with different superscripts are significantly different
(p<0.05).

1Yo me} F v Eslgtae] dako] Hashe Ba28)
o} AR

S, 7RG, R 2 REAE)S gelske] Az
gk wiolale] DNJ 2 GABA &3S FAR3H A3}= Table
67} 2tk WA DNJ gk ko] 75 dj27uot /o4
o2 E=Shom(p<0.05), 1 gFe oF 1.78] S7Iek b,
2 gl kg abo] 7 ti TR oF 158 2 1.94)

i

R
P 2439tk GABA g wEate] 44 vz Et
o] A 0 7 =9Low(p<0.05), L FHeFe 2ul Z7}ek uhH,
2ot 2 Aape] AL tha A7 7HAskTh o] ¢ 2ol
o Ael Al #dake] DNI 3 e ol g 150T
ol 7FEA el Al DNJ $&Fo] Attt o7l Ao}
A o129 A *2] Al DNI 3 7k i A Elet
2 v g RE AR JeRITE 28 EE] w
£ GABA 3 S7h= B4 3714 AstAY REAY
H F7FIHE Lee(0)] Aot ARSI o] ¢} o] 75
z2ke] A4 wlEs3tEe 5718 v, GABA 2 DNI+=
sk 39S YeRiith Axke] 4% DNJ g &
FH, H=313HE 2 GABA 32 7Aelqih @
¥ GABA= ZA| 713 vhd, s=3l3tE 2 DNJ

2 o 1

-l

Table 7. Organoleptic test of mulberry leaf teas treated with three
different processing methods

Organoleptic test”

Mulberry laf tea Color Flavor Taste acc(e);glzﬂ }i ty
Control 371087 35:11%  34:14™) 33109
Steamed tea 29108 29£0.6° 3212 29£12
Roasted tea 4.3+0.7° 4.4%0.8 4.0+1.1 4.1£1.2
Fermented tea ~ 42:07°  3.9:0.7% 36£13 34114°
F-value 10.860"" 8.924™ 1.094 2.555"

DScore scale: 1, very bad; 2, bad; 3, moderate; 4, good; 5, very good.

YEach value is presented as meantSD (n=3).

Values in the same column with different superscripts are significantly different (p<0.05).
¥NS, not significant.

e

Ip<0.05, “p<0.001.

7134 Ho| mg EAXIe| J|ZL

7FEE S gelete] A2 37HA] WA EaA), At
2 g ahe] A g o gy ANkE V|ae g S5
A7} Table 72 2t} 279 29 AEHe] A 3 vt
a3 MYy Vs tie B A5e 27 3.7, 35,
34,3332 Yyttt Akl 45 A29%), .97,
u327) @ Ak 713 509%) BT gzl BlE) B
A4E Belon, ol &) Mzo] 222 F5 v
ol 2EAo] 18 Bk ol ¥el Sfo vy 2
EWA w7l A2 Alsdh HEAY] A% M4.27),
H397), Bt3.67%) B AW 7|5 =(344) BT thRT
Hg] =& J4E Bolom, ol Raay S AXHA B
o] el utat go] FRB A W ot Bl 5
o] vlAY 2 F A7} skl a, HEAe] A mEgh Ak
2L {3 glo] 7|5 &7t wolxl Ao R gt Fa
Zke] 739 A437), F447) R ANA VS E@13) 2
T 404 oo g T Ao Hlg| fe|H o R M w2
ArE vehd ¥, ha.0t) o] A1 408 oo r w2
AgE YR o & 219} {91491 2tol & YERA|
Skt o]} o] At vz vlEl A, 9f, st e
AN 7|aw BT ePdE AL FaAk 59 aadt
oty & agl3 &) MZo] S wa glo] At
o] 715 %7) 713 Ao 2 A8 ¥} Ohmori 5(30)2] &
Tl WEH, F53F Al Al 271 Atde 9 the
A AXWA 3t 2240 FEAQ1 gty 2 Al x4
EAske FEg 9 vEEy fUlAHEC] fEEd
chlorophyll S pheophytin©. 2 HZA|# AMZA-S ko7
WA $Ho =M chlorophyll e A7 ]E Ao2 &
HA Aok Egh Fa Algto] oSS 7taA 2l o)
Z#]o] 1} | o] chlorophyll & fHastal, Mo] Hat
7z o 2 Wake As ER1E & AU Faake] F4gt
e dn|, md ) 2 FEoy T2 5o HEE e
T of| Al A2 =] = Maillard WH-AY/ B2 pyrazineF 343+
=] &3 Zem Y3, o3 235 T HH
7hEH S dejste] Al 37HA] A2 (Feak, A

N

R
of mfe] 799k o] £,
ae, 53 g, g g

=4 =2
Fudd A EEE 47 flavonoid, DNJ 2 GABA
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4714 B %%—(Tﬁl, A, &4 ¢ 31&)£ 9o 45
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