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Analysis on the Components and Safety Evaluation of
Abeliophyllum distichum Nakai Leaves and Stems

Soonbok Kwon, Heejoo Kang*, Minjung Kim*, Jinhee Kim, Haeshik Shin**, and Kangsung Kim'

Department of Food and Nutrition, Yongin University
*Korean Food Research Institute
**Woorinamoo Agricultural Union Corporation

ABSTRACT

Objectives: This study was carried out in order to analyze the composition of the leaves and stems of
Abeliophyllum distichum Nakai, with the aim of obtaining basic data for utilizing the plant as a food ingredient,
as well as for processing.

Methods: Leaves and stems from Abeliophyllum distichum Nakai were harvested at Cheongcheon-myeon,
Geosan-gun, Chungcheongbuk-do, and were subsequently freeze-dried and ground to a fine powder for chemical
component analysis and safety evaluation.

Results: The moisture contents of Abeliophyllum distichum Nakai leaves and stems were respectively 65.07%
and 40.97%, and the crude ash contents were 1.32% and 0.91%. In addition, the crude protein contents were
11.97% and 3.77%, and the crude fat contents were 2.52% and 0.36%, respectively. The fructose and glucose
contents were 32.13 mg/g and 56.17 mg/g for leaves, and 11.38 mg/g and 10.59 mg/g for stems. The major fatty
acids of the leaves were palmitic acid (31.79%) and stearic acid (14.79%), and those for stems were linolenic
acid (32.78%) and palmitic acid (26.75%). The ascorbic acid contents of leaves and stems were 1.32 mg/g and
0.30 mg/g respectively. The calcium content was found to be the highest among the minerals tested, both in the
leaves and stems, with the levels being 166.17 mg/100 g for leaves and 592.34 mg/100 g for stems. The content
of organic acid was greater in leaves than in stems, with that of malic acid accounting for more than 75% of
total organic acids for both samples. The total phenolic compounds and flavonoid contents of Abeliophyllum
distichum Nakai were 50.64 mg/g and 13.53 mg/g in leaves and 96.47 mg/g and 18.53 mg/g in stems,
respectively. No changes were shown in the number of micronucleated polychromatic erythrocytes (MNPCE)
among 2,000 polychromatic erythrocytes compared to the negative control. Abeliophyllum distichum Nakai was
administered orally to rats in order to investigate acute toxicity. The LDs, values in rats were above 2,000 mg/kg.

Conclusion: These results indicate that the leaves and stems of Abeliophyllum distichum Nakai can be used as
natural ingredients in the development of nutritional and functional materials.
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Table 1. GC conditions for analysis of fatty acid

Conditions

DB-wax capillary column

Column (30 mx0.25 mm, thickness 0.25 um
J&W Scientific, Folsom, CA, USA)

Detector MS detector (Agilent 5975C)

Carrier gas He (1 mL/min)

Injection o

temperature 20°C

Oven temperature 60°C to 200°C (rate 10°C/min)
Injection Vol. 1 uL

7}8te] voltex mixer® 287+ FE3
T 5qL 045 um polyvinylidene fluoride filter
(Whatman, Maidstone, Kent, England)Z AZ ¥
HPLCO| FYste] 43519t EFE2 LS fructose,
glucose®} sucroseE AHE-3FSI T} JascoAH(Tokyo,
Japan)] HPLC systemZ ©|-83}2™ column
Prevail Carbohydrate ES (5 um, 4.6x250 mm,
Grace)2 AME-3SI93L Evaporative Light Scattering
Detector (ELSD)E ©|-8-3}%] drift tube temperature
60°C, spray chamber temperature 30°Coll4] =73}
% Th. Column temperature> 30°C©] 3L
volume2 10 uLo|R 2™ flow rates= 1.0 mL/min®]

Aot

water | mL&

3L, injection

3) AAF e

A8 02gS AYs] FHall olF FepxId ¥
0.5N MeOH-NaOH 4 mL< 23 WzHa-s A2
o] 3087+ ¥HSAIZl § trifluoride methanol (BF;)
5mL #7¥sted 28 & W7tS F3l hexane 3 mL
S Y3 1B T saturated salt solutions 715
hexane S5 Fetio| T old H7Fe] T
sodium sulfateS €3 hexane =° ZHFdl= T8
S A A TS odFtsle] GC (7890A, Agilent, Santa
Clara, CA USA) EXA 82 283199, GC &4
Z712 o3 ZTH(Table 1).
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o
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4) F8&AnlerRl ok 274

A AxE v A3 2718 1ol 4%
metaphosphoric acid 10 mLE 7F8}aL 4°ColA] 24]
7+ 59 &3 U2 102 59 9,000 x gollA] ¥
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A13#2]7](Beckman, Pasadena, CA, USA)E ©]&3}

Al
of IYPS AAAT. A e =
o} 0.45 um syringe filter 2 oJ7}sle] Ao AME
st & Ao e sAAxE vy o =
7 ]Er‘?:foﬂ ¥ vitaming HPLCE F3le] 45

A=A Columne Capcell Pak C18 column
(4.6mm x 250 mm LD. 5um)S ARSI, °lF
& 7H Bl E ARESIGITE A EHlE 1.25 mM
PIC B; (1-heptanesulfonic acid sodium salt) & 3
¥t ZFH5] 1% acetic acidE F715len, B &
I methanolsd S7F52] H]&o] 60 : 4091 &
o] 1.25mM PIC B; 2} % acetic acidS 3718k
E} A &N 0F-43E 7] 100%S 2] T,

FEE A §98 %= 3% 3= F8 = H
°ﬂ EW Aede = B ol e 5
1.0 mL/min I3, A|EFY 7 20 uL, column?|
LEE 40°CE AFE3I o™ 280 nmellA] E24761
o ¥=EZ=Z ascobic acid,
nicotinamide, pyridoxine, thiamin hydrochloride,
riboflavine, folic acid (Sigma, St. Louis, USA)E
REEEE EoT:ih

H

nicotinic  acid,

5) 7714 F A

AU 9 7] S 8318-9(HNO; : H,0,
=5 : 1(v/v)) 30 mL& 713k o 7FE F(100)001A4]
3AZE Bot A7 1 mLE 52N F S/
FE 71sled 100 L2 A&ttt A=2% E2
2m} W& E37](ICP-AES
Plasma Atomic Emission Spectrometer)S ©]-8-5}¢]
Alge] 7714 e S4sIsl

: Inductively Coupled

71 FAE AU A 7] & 1gS 33
SHTE 254 343k & 10%7F sonicationd}ed]
0.2 um filter (Whatman, CA, USA)Z o] FA]H
HPLCE ARg-ste] 48, ol 413712 Rezex
ROA-organic acid (7.8x300 mm, Phenomenex,
Torrance, CA, USA) column, ©]%% 0.005N
H,SO,, flow rate 0.5 mL/min, UV detector 210 nm,
QBew 50°ColeH, BF F714FE citric, malic,
oxalic, succinic acid (Sigma, St. Louis, USA)E A}

&3ttt
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= H= 33HE g Folin-Denis W ol w2}
AT 54 AxE vAUR o R
1 goll 70% methanol 9 mLE 718 5, 25°CollA] 15
A7 B9 FET F 108 FQF 12,000 rppmellA] €
A1¥-2]7](Beckman, Pasadena, CA, USA)E ©]&3}
o 7RG AASIL A5AS crude ABE A}
£33t crude AlEE 1 mLS AlEdl FHskL
o371 Folin-Ciocalteau reagent 0.1 mLS 713t &
Egete] Aol W3 T, NayCO; 23189 0.2
mLE 7hste] Egsitt. 1 ol SR/ 2mLs 7F
st gAeta AR, dRZAA 1AZF WA &
At ste] dsdnkE st 725 nmolA uv
spectrophotometer® 45 43l AT
S 93 AFAL caffeic acid 1 mge 70%
methanol 1 mLell 8341 20, 30, 40, 50 ug/mLell

e

=

A EEY 0.5 mLe Al FHated 7] diethyl
glycol 5 mLE 7}8le] £¢ $ 1 N-NaOH 0.5 mL
S 7k ¥ 37°C FRolA AR BAARIY o &
o 420 nmollA4] uv spectrophotpmeter® SHEE =
Aate] Atk B ek A2 rutin 1 mg
< 70% methanol 1 mLel €347 100, 200, 300,
400 ug/mLol| H=E ZAg & A58} 22 W
WO AEate] 420 nmollM FEEE 5785t 2}
333t

9) &3AIY

oAU A Foll ek kA 5
o] 71 ARE A7) S8t {FASEAE F ICR
-2 ZFA|ESE 0] 83 LAY
oF 8 FHO FH whgzd pAUE AFERS
2000 mg/kg, 1000 mg/kg, 500 mg/kge] &#Fo g 7
TFEABIAL, o] F 2471 FFAEE A F] 5t
Ao} M XSS 7T+ F 2000
7Nl o984 2 8 (pormochromatic erythrocyte;
PCE)E ##star, olF 43 oA AHE(PCE
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with one or more micronuclei; MNPCE)?] && %]
=5 S48ty d3ke] W42 PCE/(PCE+NCE)
H]-&-(meantSD, %)°] 0.1 ©]’d<] 7% Algo] eld
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meantSD, %)’} SAITGH SR FolslH, &5 o&
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10) 93]FA=54 AId

AV A5 5454 W RIAFF(LDs,
Lethal Dose 50)2 ZAFs17] 91814 Sprague-Dawley
(SD) Al's & - & HEE ol fst] AFEZES ©
3] AR stk iz 3709 AlR(500,
1,000 2 2,000 mg/kg)S- 2 Alg-2 P10, Al
AT ES 7 2ol &= 7} 5ulE]E ARE-ste, RHAR
AN & Ayt T T 1497 w15

BEE AFe #4428 3 v 359 meantSD
oz FABKA. A ot Alge] AS iz

2 oAl student’s
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SV 93 700 BRE i, 28R, 2
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Table 2. Proximate composition of  Abeliophyllum
distichum Nakai leaves and stems

Abeliophyllu Proximate composition (%)

m distichum Moisture Crude  Crude  Crude
Nakai ash protein fat

Leaves 65.07+0.02 1.32+0.04 11.97+0.102.52+0.02
Stems  40.9710.41 0.91£0.06 3.77£0.06 0.36+0.01

“*Values are expressed as MeantSD

Table 3. Contents of sugars in Abeliophyllum distichum
Nakai leaves and stems

Abeliophyllum Contents of sugars (mg/g)

distichum Nakai Fructose Glucose
Leaves 32.13+0.81" 56.1743.44
Stems 11.3840.19 10.59£0.03

“Values are expressed as MeantSD

Table 4. Contents of fatty acid in Abeliophyllum
distichum Nakai leaves and stems

Fatty acid (%)

Abeliophyllum distichum Nakai

Leaves stems

Myristic acid (C14:0) 1.75 ND
Palmitic acid (C16:0) 31.79 26.75
Stearic acid (C18:0) 14.79 8.27
Oleic acid (C18:1) 7.70 9.10
Linoleic acid (C18:2) 12.21 15.25
Linolenic acid (C18:3) 5.40 32.78
Arachidic acid (C20:0) 5.01 4.16
Behenic acid (C22:0) 12.24 3.70
Lignoceric acid (C24:0) 9.11 ND
SFA' 74.69 42.87

USFA* 25.31 57.13

"Not detected
"Saturated Fatty Acid
fUnsaturated Fatty Acid

T

2. QdoFME &ta
At E719] F TS Table 334 2t
Qo] o gFFe fructose 32.13%, glucose 56.17%C]
w, £719 T FHFL fructose 11.38%, glucose
10.59%%= e ATt

nAvE Q3 2719 Al ghs EAgE A

+= Table 49} 2t} Q1o] XA S myristic acid
1.75%, palmitic acid 31.79%, stearic acid 14.79%,

http://mwww.kseh.org/

Table 5. Contents of water-soluble vitamin in Abeliophyllum
distichum Nakai leaves and stems

Group Identy Leaves stems
Ascorbic acid 1.32£0.01"  0.30%0.00
o Nicotinic acid 0.19£0.00  0.08%0.00
\(ertlagl/ngl;l Nicotinamide 0.08+0.00  0.06%0.00
Thiamin 0.10£0.00  0.08£0.00
Folic acid  0.16£0.01  0.10+0.00
“Values are expressed as MeantSD
..... .
STD

o

A. distichum leaves

A. distichum stems

TR EEUNY SNV T N ,'iL;i.,\ -

A : Ascorbic acid (Vt C), B : Nicotinic acid, C : Nicotinamide,

D : Pyridoxine (Vt Bs), E : Thiamine (Vt B1), F : Folic acid, G : Riboflavine (Vt B;)

Fig. 1. The chromatography

oleic acid 7.70%, linoleic acid 12.21%, linolenic
acid 5.40%, arachidic acid 5.01%, behenic acid
12.24%, lignoceric acid 9.11%= palmitic acid®] &
Fol AY =AUt =719 AP S AR
palmitic acid 26.75%, stearic acid 14.79%, oleic
acid 9.10%, linoleic acid 15.25%, linolenic acid
32.78%, arachidic acid 4.16%, behenic acid 3.70%

£ YEMA S, myristic acid®} lignoceric acid &
AZE=HA Ut

v 9 8 E7)e] 8AguIE bkt AR
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Table 6. Mineral contents of Abeliophyllum distichum
Nakai leaves and stems

Abeliophyllum distichum Nakai

Items (mg/100 g)
Leaves Stems
Ca 166.17 592.34
Fe 3.61 11.29
Na 1.59 1.30
Mg 37.72 131.83

Table 7. Contents of organic acids in Abeliophyllum
distichum Nakai leaves and stems

Abeliophyllum Organic acid (mg/g)

distichum Nakai Citric acid Succinicacid Malic acid

Leaves 0.39£0.00° 1.19£0.00 6.54+0.00
stems ND'  028+0.01 0.80%0.00
*Values are expressed as MeantSD
Not detected
STD
i .....
~~~~~~
3
-
.

ST ——

A Oxalicacid, B-: Citricacid, C+C': Malic acid, D-: Succinic acid~

Fig. 2. Organic acid chromatography of Abeliophyllum
distichum Nakai leaves and stems.

ntE e oS3 Z2ti(Table 5, Fig. 1). PIAUY-
2o 4874 HIERR] &2 ascorbic acid 1.32 mg/g,
nicotinic acid 0.19 mg/g, nicotinamide 0.08 mg/g,
thiamin 0.10 mg/g, folic acid 0.16 mg/g ©IAT}. H|
AU Z710M 9] 84 BlERR] $ ascorbic
acid 0.30 mg/g nicotinic acid 0.08 mg/g, nicotinamide
0.06 mg/g, thiamin 0.08 mg/g, folic acid 0.10 mg/g
< et

alAuH ek 27190 FHrE 71 S Table
63} 2t} Qo] Eoiles F712 S Ca 166.17 mg
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Table 8. The Contents of total phenolic compounds and
total flavonoids in Abeliophyllum distichum
Nakai leaves and stems

Abeliophyllum distichum

Nakai Leaves Stem
Total phenolic 50.6420.16° 13.53£0.22
compounds (mg/g)
Total flavonoids (mg/g) 96.47+0.15  18.53£0.82

“Values are expressed as MeantSD

/100 g, Fe 3.61 mg/100g, Na 1.59 mg/100 g, Mg
37.72 mg/100ge] HEEAT. 7] FFd 771
A 3HFe Ca 592.34 mg/100g, Fe 11.29 mg/100g,
Na 1.30 mg/100 g, Mg 131.83 mg/100 g= +ERH
At

m AV 3 2719 f71ab RS AR A
o} ELEU}ELIE“—"— o3} ZthH(Table 7, Fig. 2). &
9] f714F gk citric acid 0.39 mg/g, succinic acid
1.19 mg/g, malic acid 6.54 mg/gS YERNITE Z7]
o gE 714 &2 succinic acid 0.28 mg/g,

malic acid 0.80 mg/g ©] 2™ citric acide A&
| FUT.

3. 7|sddE =¥

AV et Z70el e F dlss SR
o= kS Table 87 7t} doe 50 64 mg/g,
=719 13.53 mg/gel FHrEe] Ao & H= 3
gol &7]9] SrFETE oF 3u) o] &tk wlAdv
TR FgEwolE RS S A Yo
= 96.47 mg/g, =71NME 18.53 mg/gS YER
Atk

4. OFXA T}

LR 28N Y A, Suitims v)as)
o] 500, 1,000, 2,000 mg/kge] FoloA Solgt A
1:1]—.5./\]-_0_ JJ-ZLE]Z] Lﬁ}}o:q 7].];4] D]— Ok 20007H ]
T AgFelA] R 23 I EE EE A
FEAFoIF Gt Blaste] FAXCE &
ot A3E Hol|x] TtH(Table 9). mitomycin C
& A2 $AUREE &Y FEnlizeA L)
Zo)| vlal] FAA R frofsi A FUHE B
ATHP<0.05). AIZEHA 2] X|ES) PCE/(PCE+NCE)

lo,
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Table 9. Micronucleus test of Abeliophyllum distichum
Nakai in male ICR mice

Dose MNPCE/2000 PCE/

Groups

(mg/kg) PCEs (%) (PCE+NCE)

Vehicle control 0 0.25+0.10 0.42+0.11
P 500 0.28+0.09  0.43+0.06
disﬁi;jﬁn yNZl’Z;i 1,000  025+0.11  0.52+0.06
2,000  029+0.16  0.55+0.04

MMC 20  949+140° 0.43+0.06

* Significantly different from the control at P < 0.05 (One-
way ANOVA, SPSS 12.0 k)

MNPCE; PCE with one or more micronuclei, PCE;
polychromatic erythrocyte, NCE; normochromatic erythrocyte,
MMC; mitomycin C

Ml Aol 447 BE B Fojzd o
SREE AT SRz Had fold 7
2 9

o gultheast vastel TG B4
oA e etk
.]

olAvbEe] 8] Fol B4 1 fekEel At

ki
A7 JEREA] 94T mitomycin CE A
o
=

nAUFSFASFEE9] WEX]ARK(LD;, Lethal Dose
50)2 2,000 mg/kg o’ AoR ALSEH T

AV 1] TR 65.07%=E 719§
(40.97%)20F Bk}, o= eRg21ER1 2E2(75.0%),
25)(66.1%), FNHF-(72.5%) 2 AALDUF(67.5%)
59 oo gFE e i T v 5
O] AT w MU Qo] SoiQl= 23|, e,
Ao FheF gk Z7)HT) Eokom, ol s
ZENE (1. T%E e AJEES] FEHT =94t
RGN w0 9le] 23|, 2o
W2 Z2AS A A 7H7F 2.5, 115, 1.8%,
1.4, 4.5, 3.5%, 0.4, 12.0, 7.5%% BRI EAT}H. 92|
Aol 2 AFE YRS o, vl Ao E
B Fehe o2 oRg-AlE vls| =& ubd, 23]
T 2L v AY giAR o R e

ATk Lee 52" A=W E710014 23 0.86%,
chald 2.80%, A 0.61%2] TS YeERA
3 Bysgled], vAuE E70004 9] dE &
T 23 0.91%, ZENE 3.77%, ZAW 0.36%

ol¢} Hl=g A3 JEeRAITH

nAUE Q3 E719 © #@RkE 243 A
fructose= Aol 32.13 mg/ge] F-HEo] =7 8
mg/g)R Tt 3] A= =32, glucose?] T2 A
# 27] 27+ 56.17 mg/g, 10.59 mg/gl & Z7]H T}
Qo] ghao] EUTH Lee 520 o3hd 2gH
o] F9 F sucrose (1.55%)°103L, AT Lol
= glucose (1.54%)9} fructose (0.99%)7F =8 Tl
Athe 432 RStk Hur 598 e o
=7 FF BX0A glucoses AEFHA| LUA

d

734

fllo

N

ps

o

fU oft

—

—~
—
—
(9%}

Table 10. Body weight changes of rats orally fed one time with Abeliophyllum distichum Nakai

Dose

Sex (mg/ke) 0 day 1 day 7 day 14 day

0 2419127579 268.07£5.63 318.25+7.93 361.06£10.25

Vile 500 242.1046.35 271.24£6.13 324.3944.13 371.92410.38
1,000 2425243 57 271244666  32937£1095  38324+18.19

2,000 242.39+5.68 273.0245.53 3261651210  373.19+2221

0 193394 .26 209.46£9.78 235011124 253.82+1737

500 196.65+4.51 212794321 231614826  249.88+11.47

Female 1,000 197.49+3.13 216.54+3.68 235044749 257.5245.85
2,000 198.57+4.52 216.6746.12 238.76+8.61 255.01+7.02

*) Values are expressed as meantSD.(n=5)
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9k fructose $HEo] 7P =31, sucrose ' maltose
59 £o 8 FHHEHATA BT olE Ao}
AT A o AE3e 2o, 39 TR
9 RS AE0 Foll met xpol7t Bol v A
o7 AlgE

v duEe] At EEke A EE, ldAe
palmitic acid (31.79%), stearic acid , behenic acid,
linoleic acid 22, Z7|°| A+ linolenic acid
(32.78%), palmitic acid , linoleic acid®] =S 2 -5
Ak R E A E719] AR 24 AP
linoleic acid, palmitic acid <=°]1 3L, =it SAY
o] ARt 248 B AP Z4Q) 3 A gle
2] linoleic acid”} 7} Sk, palmitic acid,
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