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Analysis of Nutritional Components and Evaluation of
Functional Activities of Sasa borealis Leaf Tea

Chang-Ho Jeong, Sung-Gil Choi, and Ho Jin Heo*
Division of Applied Life Science, Institute of Agriculture and Life Sciences, Gyeongsang National University

Abstract In this study, the nutritional components and functional activities of Sasa borealis leaf tea were evaluated. The
proximate compositions were as follows; moisture 5.68%, crude protein 16.38%, crude fat 4.68%, nitrogen free extracts
32.37%, crude fiber 32.36%, and ash 8.53%, respectively. The mineral elements were as follows: K 2,133.83, Ca 1,144.09
and P 543.00 mg%, respectively. The amino acid contents of the Sasa borealis leaf tea were very rich in proline (1,275.26
mg/100 g) and deficient in cystine (71.49 mg/100 g). The major fatty acid components were linoleic acid (50.52%),
palmitic acid (18.52%), and oleic acid (14.16%). Finally, based on our sensory evaluations, the 80°C extracted Sasa
borealis leaf tea evidenced the best overall quality. The contents of total phenol and total flavonoids of the 80% methanol
and hot water extracts were 15.09, 7.69 mg/g and 12.03, 6.12mg/g, respectively. The DPPH and ABTS™ radical
scavenging activities of the 80% methanol extract from Sasa borealis leaf tea were 86.87% and 83.85% at a concentration
of 1.25mg/mL. The 80% methanol and hot water extracts evidenced reducing power and inhibitory effects against

acetylcholinesterase in a dose-dependent manner.

Key words: Sasa borealis leaf tea, nutritional components, functional activities, acetylcholinesterase.
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A A By 93 dskew Y AR} 80% WE2 3
¢ FEES o83le] 328} &4 2 acetylcholinesterase 413

2 9=} xﬂ&—t‘i e 2 2—1% Ht‘* 5L Al st o

AZ7NE olgale] 40°Ce] £EE 237 Azl FEL 10%
olsizt w7l sslew, 919} 2ro] Az 23 9L 120-150°C
o] 2R 30 Ak Fob 23 AAE Axsl SR
A ABE olgssith. A 54 3 dsdiks A% A FEE
< Ak 2¢00 40, 60, 80 B 100°Ce] =& 2T FFHF 100
mLollA 223 FE3 ¥ Ak 8 A AEe Y AER
ol&3ATE 80% HHe FEE ¥ EFFEES 2 UA
20 gl 80% WEHE B FFHTE 27 200mLA Fkste] 2A17F
o AR FES 3 F O FEESS sAAES T

37t Aol AHg-sFlT

FEIFL 105°C AX F IS %136}04 e, 2
WA o Auto-kjeldahl, AW Soxhlet AR 2 FEele] =
Ao, 2HAHFE 125% H,S0, ¥ NaOH R o=z, %3
2 550°C A3 or S43% 1 2 8 ymA ARES

7He FAREEHE YehiglThQo).

2|ME 2y

TR BAS zF A& 0.1 goll £3)]-8-(HCIO,:H,S0,:H,0,
=9:2:5) 25 mLE 715t EF(hot plate)ol] X FA oz HI w7}
A Bald F 100mLz 85}e] o7 (Whatman No. 23 ¥
Inductively coupled plasma(Aton scan 25, Thermo Jarrell-Ash
Co., Franklin, MA, USA)Z EA43}%th #4974 5 RF power
= 1,300 Wo|H, analysis pump flow rates= 1.5mL/min®2Z 3}
%3, gas flowse plasma: 15, auxiliary: 0.2, nebulizer: 0.8 L/
min® 2 sl EASITH21).
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NFEE 4T 3l 6N HCl €98 718l Ay UB-3le]
heating block(110£1°C)oll A 24A]17F F9F 7}-R8)A17] & glass
filter? J7}3t NS S|AAF5=7|(N-N series, EYLYA, Tokyo,
Japan)E ©]€-sld HCIE AASIAL SHFZ 33] Mg U]—— 7
Qt &=3l9] sodium citrate buffer(pH 22) 2mLZ &3]3 3
0.22 um membrane filter2 73 UG ofm| At AFEAY l
(Biochrom 20, Pharmacia Biotech, Stockholm, Sweden)E ©]-8-3}
o FA3IAT Al o] &3 column ultrapac 11 cation
exchange resin(11 pm+2 pm)E AME-3A3L, flow rate®} bufferes
Z}z} ninhydrin 25 mL/he®} pH 3.20-10.022 3}42™, column

L59} reaction 25+ ZH7 46°CSF 88°CE 31, EAA7HE
445 Eob BMFATHR).

X|ghat 2o
ZAY FE2 B8 AE 2g8 Y5 9X|(Whatman cat No.

2800260)9l 2L ethyl etherS 7}5}4] soxhlet FEHOZ oF 16

A FE53 O FEES AW T50A TR g S
ARt At 42 AR BAox &3 AlE <F 200
mgS F3t] Metcalf 5(23)2] WHdll F3to] F, A FEE]
0.5N NaOH/MeOHS- 717} 7kt & 85°CellA] 10%7F methyl
esters} A]17] TS n-heptan 4 mLE 3 7}8le] 4-587F WA|S}AL,
NaCl 23189 2mLe} ether 20 mLS 713t 3 ethersS 7Y
F23k] GC(Hewlett packard GC 5890, Palo Alto, CA, USA)
Z BN en, EFAE columne supelcowax 10(60 mx
0.32mm LD.)E ARE-3FS13L, injector temperature2} column oven
temperature= 2} 250°C9} 260°CE 315121, detector tempera-
ture®} carrier gas< 280°CLF N2 FS13L, split ratio 30:1°]1ATh.
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FELEE BEElY FE3 23 A A 4L Color
difference meter(CT-310, Konica, Minolta, Tokyo, Japan)E ©]&
st 43 er, M== L(lightenss), a(redness) ¥ b(yellow-
ness) o= UEMISITH
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F VEsfE 24 FEE 0.0mLd SFF 3mL, 0016 M
Xelg HZA o) = (K Fe(CN)) 1 mL, 0.01 M A48k (FeCly/
0.IN HCHEH 1mLE ¥y 33 & 1587 WAl ok
A(H,0:1% gum arabic:85% phosphoric acid=3:1:1, v/v/v) 5
mL 371 3 700 nmellA S SHs e, B2 gallic
acid) 02 AT ARFHO PFL BASATY). F Be
Hiol= 3jtE 42 = 1mLel| diethylene glycol 10 mL,
IN NaOH 1 mLE 93 JIBT §F 37°ColA 1A A5
20O SFEE 43192 H, naringin® 2 2 SE A=t
Aol Fato] ke SAFEFIATHRS).

DPPH Z2iC|g 27{&EH

o8] 5o FEE 1 mLd RN 15107 M 557 5
Al ¥ DPPH(1,1-diphenyl-2-picryl-hydrazyly &<} 4 mL%-S vortex
Z gdsA £33 v A20A 3087 HXE F 517 nmell
A F3%=(optical density, ODYS 274 A TH26).

ABTS* ZiC|g A7{&H

7mM ABTS® 5mL9} 140mM K,S,0, 88 uLZ 4lo] o5&
3o 14-16~7F HXAIZ] & o] & absolute ethanol®} 2F 1:88 H]
£2 410] 734 nmelA T’H—'—__IL-’] F4% el 0.7+0.0027F ==
= 7‘@3]' ABTS' solution2 AFE-3lATH A58 50ulL9}
ABTS" solution 1 mLE &¥ste] 307k X&g & 2,587 vt

S A3, T34nmolA ETFEE ZAsle ofge] ] <l =
Uz 2AZEE AXSATH2T).
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ABTS" radical scavenging acivity (%) =
g A7hre] EF
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o8] FE9 FEE 2.5mLel sodium phosphate buffer(2.5 mL,
200mM, pH 6.6)%} 1% potassium ferricyanide(2.5 mL)E E3HA|
71 & EFES 50°ColA] 20% &<t WHSAIZ] TR trichloroacetic
acid2.5mL, 10%, wv)E 7kt 650xgoll Al 10%27F 4=
sttt FAlEE e AR A G mL)ol] 2ol mL)2t 1% ferric
chloride 1mLE #7FAIZl ¥  UV-spectrophotometer(Shimadzu
UV-1601, Tokyo, Japany& ©]-8-3l>] 700 nmollA| $-°8%5 &4 3}
AFTH28).

Acetylcholinesterase X3

Acetylcholhlesterasexﬁﬁ 34 =He acetylcholine iodideE 7]
AZ M-Sl EllmanBoE 4319 4% PCI2 A28
A I mLol 3= 9% buffer(I M NaCl, 50mM MgCl,, 1%
Triton X-100 &3] 10mM Tris-HCIZ pH 7.2 £4) SmLE
Z7¥8l Gllass-Col homogenizerZ w+23}et & 235l Al L)
FelS 10,000 rppmolA] 303 ERF AAEE Ao, 1 3
S AAAPRE f5te] AR EIT BE FEEHS 4£C0M &
gatlom, 53 gl TS S4s617] f1sk] BCA
kit(bicin-choninic acid; Sigma Co., St. Louis, MO, USA)E ©]&
B3I, bovine serum albumin® 2 A3 Aol F3le] 3
FE stk Al g d g 238 mg/mL) 10 pLell 3=
ZE 10uLE go 37°ColA 1587 whgA Ao, vhe E5tE
o 50mM sodium phosphate buffer(pH 8.0) €3A171 Ellman’s
reaction mixture[0.5mM acetylthiocholine, 1 mM 5,5'dithio-bis(2-nitro
benzoic acid)] 70 pLE H7FeF F 405 nmellA] 10 St 28 7F
Ao R FALE FA3ATH9).

SHXZ|

EAIAE)E Window & SAS 8.0 versionS ©|-&38Fe] EAMEA]
(analysis of varianceyS 2AI5I51 2™, Duncan®] th=a<] 4799
(Duncan’s multiple range test) &2 2|48 7439 TH30).
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ZH ko] WS A% A3K(Table 1) 7H84 F
25 3237+4.28%, A5 32.36+2.49%, 3|5 8.53+0.18%, X
W 16.38+0.72%, T8 5.68+040% = ZAH 4.68+0.84% &
2 Yesth Ko@he 23U o FgiEo e diiEe
BAS Ax} $E 28.79+0.13%, 2T 6.33+0.40%, 3|E 3.76+
0.14% 2 ZA 343+0.08%Atky Budle] B Ay Ao}
zlol2 HYEY ol XY UE AR sk Y F B
FAolA FEZ| o3t Az AztEy ke £AE A
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Table 2. Mineral contents of tea manufactured with Sasa borealis
leaf

Minerlas (mg/100 g)
Na 143.76+17.85"
Mg 285.45+27.27
K 2,133.83+219.94
Ca 1,144.09+108.47
Fe 17.44+1.74
Zn -

P 543.00+16.49
Mn 7.33+1.48
Total 4,274.90+486.43

DThe values are mean+SD of three experimental data.

Table 3. Amino acid contents of tea manufactured with Sasa
borealis leaf

Amino acids (mg/100 g)
Aspartic acid 855.51+£55.05"
Threonine 502.56+36.72
Serine 474.07+42.21
Glutamic acid 1,157.24+87.58
Proline 1,275.26+84.22
Glycine 502.59+41.97
Alanine 576.66+30.11
Cystine 71.49+5.29
Valine 427.78+24.30
Methionine 151.15+8.29
Isoleucine 489.28+42.48
Leucine 642.48+49.14
Tyrosine 289.40+32.76
Phenylalanine 537.59+35.76
Histidine 244.37+19.34
Lysine 540.84+42.90
Arginine 593.69+38.50
Total E.A.A 3,536.05+294.82
Total A.A 9,331.96+842.17

"The values are mean+SD of three experimental data.

FI|ME gE

Z3d] Al SHFE] e FIIES #4139 HA(Table 2)
% 780l £, $8HFAeH, 1 F Kol 2,133.83+219.94 my
100go 2 7¢ wol 3i=e] UYL, Ca 1,144.09+108.47 mg/
100g, P 543.00£1649 mg/100 g, Mg 28545+2727mg/100g =
Na 143.76£17.85 mg/100 g=C & UERIT) Ju S(14) 9tie] 5
S FEE] PR FFE 38T 2 FEAe F
718 TS K, Mg, Ca 2 Na 02 =3, Ko gko]
2352-517.1 mg%& T2 F7)AEe)] nlsle] =& kS wth

=

& Ashg Bk 3 uTste] & A%e] Aseh fAk Avke ugick
Table 1. Proximate compositions of tea manufactured with Sasa borealis leaf (Unit: %)
Moisture Crude protein Crude fat Nit;)(:ﬁgr;tl;ree Crude fiber Ash
Tea 5.68+0.40" 16.38+£0.72 4.68+0.84 32.37+4.28 32.36+2.49 8.53+0.18

UThe values are mean+SD of three experimental data.
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Table 4. Fatty acid composition of tea manufactured with Sasa
borealis leaf

Fatty acids Peak area (%)
Lauric acid 0.93+0.02"
Myristic acid 0.47+0.04
Palmitic acid 18.52+2.16
Stearic acid 2.63+0.11
Oleic acid 14.16+2.08
Linoleic acid 50.52+4.67
Linolenic acid 4.74+0.94
Arachidonic acid 2.26+0.23
Behenic acid 2.72+0.31

UThe values are mean+SD of three experimental data.
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ZB QAke] ofmihs AT A Table 33 2ol F

175°] 8, sZ=HAeH, Folrx=it T2 9,331.96 mg/100
goI3, Frobu it ke 3536.05 mg/100 g2 2 Y ERTE
22, $8E 1789 F o=t F Y AR F8 ope
2ko 2= proline(1,275.26+84.22 mg/100 ), glutamic acid (1,157.24
+87.58 mg/100 g), aspartic acid(855.51+55.05 mg/100 g) 2 leucine
(642.48+49.14 mg/100 g)°]1UT}. Kim 532y W55, £l 2 &4
o o EFFEEY opv|=ihe #4138 AF glutamic acid, ala-
nine, aspartic acid & serine®] 2 o= Ato 7 UEtoH
ol WE oy I-FEEC] ofv=At 29 Fge] xle]
£ Bty Bk ol #58 AEd AFAM &3
Ehte A7EHEA 79, 25 9 ESH 22 o] 7] A
ol o3k xpolel Aoz Azbdrt,
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A3k A= Table 49 2t} &, Z3W AxFE] Fo AAES
2+ linoleic acid, palmitic acid 2 oleic acido™, 1 <%=

E3AWALS 2= lauric acid, myristic acid, stearide acid 5°] &
=] AR, EXSAYLFO 2= linolenic acid7} &% THE
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arachidonic acide W%~ A% EAsitiy Hasle] B Ao 4
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Table 5. Hunter’s value of Sasa borealis leaf tea according to extraction temperature

Temperature of extraction

) L value a value b value AE value
40 99.29+0.02"2 -3.50+0.03" 9.06+0.05° 15.52
60 98.87+0.01° -4.70+0.02° 12.76+0.05° 18.63
80 98.73+0.08° -4.81+0.01¢ 13.17+0.02¢ 18.29
100 97.68+0.01¢ -5.20+0.03¢ 15.91+0.02¢ 20.59

"The values are mean=SD of three experimental data.

JEach value with different superscripts within the same row are significantly difference at p<0.05 by Duncan’s multiple test.

Table 6. Sensory evaluation of Sasa borealis leaf tea according to extraction temperature

Temperature of extraction Color Flavor Sweet Bitter Delicate Overall

“O) taste taste taste acceptability
40 3.50+0.5512 4.03+0.32%® 2.83+0.38° 2.83+0.25¢ 2.67+0.13¢ 3.17+0.41°¢
60 4.12+0.41%® 4.24+0.29® 33+£0.21%® 3.33+£0.46° 3.50+0.15° 3.33+0.18°
80 4.17+£0.35° 4.33+0.28° 3.64+£0.37° 3.83+£0.38° 3.65+0.13" 3.79+£0.22°
100 3.67+0.36° 4.00+0.10® 2.67+0.47¢ 3.17+£0.28° 3.13£0.17° 2.67+0.35¢

DThe values are mean+SD of ten experimental data.

PEach value with different superscripts within the same row are significantly difference at p<0.05 by Duncan’s multiple test.
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Fig. 1. Total phenol and flavonoid compounds of tea
manufactured using with Sasa borealis leaf. Different superscripts
indicate significant difference between groups at p<0.005.
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Reduction of DPPH radicals (%)
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Fig. 2. DPPH radical scavenging activities of 80% methanol and
hot water extracts from tea manufactured using with Sasa
borealis leaf. @, 80% methanol ext.; O, water ext.; V¥, o-
Tocopherol; A\, ascorbic acid. Different superscripts indicate
significant difference among groups at p<0.005.

8k A3} catechin, chlorogenic acid, caffeic acid, 3-hydroxy ben-
zoic acid ¥ ferulic acid 5 ¥ 5%°] EU=HALH, ol& T 3-
hydroxy benzoic acid®} catechin® FZHHo| #AIGlo] 7H =
= S Aok BEith
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Z3 Y] 80% MEre 2 AFFEES ©]83l9 DPPH
gz A S 43 A= Fig 13 o] FEE YUt

M, F%= 125 mgmLe] == FA7IetE W 80% HekE B &
FEFEEAA 42 9034%} 86.73%2] AAEAS B THFig
2). ABTS" 2t 2A8A4S =43 A3} positive controlZ A}
43k « -tocopherol & ascorbic acid®th= e gt &84
HYARE DPPH ]z &AEEH fAH T=oE&4<l
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Fig. 3. ABTS" radical scavenging activities of 80% methanol and
hot water extracts from tea manufactured using with Sasa
borealis leaf. @, 80% methanol ext.; O, water ext.; V¥, a-

Tocopherol; A\, ascorbic acid. Different superscripts indicate
significant difference among groups at p<0.005.
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Fig. 4. Reducing power of 80% methanol and hot water extracts

from tea manufactured using with Sasa borealis leaf. @, 80%
methanol ext.; O, water ext.; ¥, a-Tocopherol; A\, ascorbic acid.
Different superscripts indicate significant difference among groups
at p<0.005.

A B2 FUES 2YoH, 53] T 10mgmLe| FEoA=
o] ztztk 3429} 7.84% 28] o)< Y xolE BT
(Fig. 4). ol F dE FgFPo) 45525 A} 80% WEe F
SEA =A U] miEel Aoz AzE, I/ SR
d 98 7K a7A3e AR A3E 2k Kim 59y Al
o) & 70% oErE: FEEZHE dojd z+ S RS o
|3l Hagelss 4% A3 kg, &, JdopHolE 2
tloldEdoHZ ¢og dutror FAo] EoldFE AR
o] F7HEt RuEgith Lee S(13) Tl 79 vy
719 o 45 2 0% ok FEES o]§3le] TEAC ¥4
o2 s} gHE ZHT A I E 0% olEE FEE T
T e gilslass Jeliglen, o1 FoAE g, 23,

&, WEE 2 9= £O0F TE(Trolox equivalent)Zto]l =7
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Fig. 5. Inhibitory effect against AChE of 80% methanol and hot
water extracts from tea manufactured using with Sasa borealis
leaf. Positive control: 0.1 mM 1,5-bis(4-allyldimethylammonium-
phenyl)-pentane-3-one dibromide. Inhibition rate (%)=[1-(test OD-
test blank OD)/(control OD-control blank OD)]x 100.

oL, RS R F716) s gt =8 low
3Tk S Pak §(17)2 ZHW Yo2HE 4FFH| 3

S 223 =8 T F luteolin 6-C-B-D-gluco-pyranoside”}
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