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Studies on the Safety of Commercial
Arrowroot extracts
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]. H. Lee, ]. B. Youn, ]J. H. Park, M. O. Lee, J. M. Kang,
S. A. Park, C. W. Lim

Abstract

We studied the safety of commercial arrowroot extracts(arrowroot juice, arrowroot
extract and arrowroot tea). Among the total free sugars, sucrose was the highest

component. In arrowroot extracts, 14 free amino acid were determind and histidine,

threonine, glutamic acid were found major components. K, Ca and Mg were found



to be main minerals in arrowroot extracts. The average content of Pb and Cd were
0.30mg/ kg, 0.07my/kg3 respectively, while WHO's puide line of Cd content is below
0.1mg,/ kg,

In the case of bacterial tests, standard plate count was average 5.5 10°CFU/mé
in arrowroot juice. In arrowroot extract and arrowroot tea, bacteria was not detected.
Total coliform was positive in arrowroot juice, but negative in arrowroot extract and
arrowroot tea. Fecal coliform was positive in the arrowroot juice. E. coff 0157 was

negative in arrowroot juice, arrowroot extact and arrowroof tea

Key words . arrowroot, safety, standard plate count, total coliform, fecal coliform.
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FudeE § AEE oli4H FAAF EF, 9F] A F ATAEFY A5
e 712 fEe] ¥ YARME o] E= 2 9ol NAFERM UF AFHAAA
4% 2 54 4Fo= Agan flon, Fuat Fol FIFAERT 445
U, 2Elx AFY gH2 = 59 RAYAM o FAUEA A FH4M
AFso #ge=HAY, ot SelM e da Poigde AL E8) J{Y + glck

e} HF oz AFHe R HARE JFL 2 HEe 2 1Y Aol i@
AEAE AT 277 ol FF deiolih gl £ A AT AT 4L
E45 FRASE A AT % #4430 |92 TS EHAY 2 o4
2etH¢l A 55 A AP PeEA o Sl 449 A1F 2L 437
7Hesle R stna #.

I, Ax 2 49y

1 49 A=

E A9 AHE 4AFE 20 A9 HE 23 A= golsteE TN
Tt gk 37 ATE FIYE oL 4942 10Te]EY HErog 3
et ALgsisd, AFEAL A FEFIEAEAN B4y 2Rz HiEe
HE 7Y Ao, 44 AF 55 #4449 100% B/Y HA AEE
T4 AHgstac 2eln Yukdis] F4E YobR ] S8 AHEE e AW Aw
el Aol AN A
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Y22 A& o g vl A=47 ¢3¢ AFH A4 2ol 105C Dry ovensi A
o] 8 7x] J=AA FYPsigon], 22 G2 A2 Soxhlet &334
W3 Diethyl ether® F&38lo] A @agch 2239 F2 Kjeldah] WE & |28 &
Wad AFE4rI2 Yo, =882 AR 9 so8 A= Ha 9
B3A 2 ¥ 550~600T A H#AHo FFE TG

2) Falge 24

fraide 24€ A% AR Mee Fig 13 o] siged, 42 o 2098 o
Tabe] F74 100ms} Diethyl ether 60miE 71813 I £50 & & Wasls 2
Foad AW F Buthanol2 H¥stn FH+2E TUAT 2878 T34
10mé = Stych o]3-F APEHo 2 o] 045um Membrane flter® o1 sjle B
w2 2ctE el (HPLC) &2 #48ldc), o) A48 HPLC #4232 Table
13 @ev #2%e Chromatogram Fig 2, 3, 4, 52} o] Agch

Sample(209)
|
Filteration
added Water 100mé
washed with Ether &0mf

I |
Ether layer H:0 layer
washed with BuOH &0mé

BuQH layer H:O layer

Concentration

Yacuum evaporation
Filteration

0.45um membrane filter
Free sugar fraction

Fig. 1. Prepareration procedure for free sugar analysis by HPLG
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Table 1. Conditions of analysis of free sugar by HPLG

Instrument Waters 2690 Separations Module
Detector Waters 410 Differential Refractometer
Column Waters Carbohydrate, 3.9mn X 30cm
Mobile phase Acetonitril © HO (83 : 17)
Flow rate L5mé/min.
Injection volume 20u
Column temp. wT
1200
- .
10z A
120 00
00,00
W et : o
B0
= LUl A
$0.00- |
Y am 500 sD0 | 1000 f200 1400 GO0  1EDG 2000
Mintes

Fig. 2. HPLC chromatogram of free sugar standard mixture

[A) Ribose
(D) Sucrose

(B} Fructoss (C) Glucose
(E} Maltose
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Fig. 3. HPLC chromatogram of free sugar in arrowrool extract group A
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Fig. 4. HPLC chromalogram of free sugar in amowroot extract group B
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Fig. 5. HPLC chromalogram of frae sugar in armownool exiFect group c

3) welolol=de =4

oo mib& AR 10gE 72 oZ§ ¥ o 2§ thA] 0.22um Membrane
flter(Millipore, D102 o &g} oW €2 od4F 4pid Fsla ofu]ixqt
A5 478 o] &5te] Table 28] =3oE BH4#Hdch ¢|d 92 Chromatogarm&
Fig. 6, 7, 8. 9 o vEhfigich

Table 2. Conditions of aming acid autoanalyzer

Instrument Pharmacia LKB - Alpha Plus

Builer solution pH 32~100, sodium citrate

Flow rate Buffer 35 ml/hr, ninhydrin 25 ml/hr.
Column temp. 50~ 80t

Chart speed 0.2 cm/min.

Injection volume 40uk
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Fig. 6. HFLC chromatogram of amino acid standard mixburs
5.97 | Aspartic acid 6.01 : Threonina 6.81 . Serine
7.28 | Glutamic acid 10,00 | Glyein 10,81 © Alanine
12.24 . Cystaing 1282  valine 14.05 | Mathionine
16.20 | lsolawaine T.47 ! Laucina 18.80 | Tyrosine
19.40 | Phenyialanine 21.83 | Lysine 23.37 | Histidine
2425 . NH.CI 28.52 | Arginine
BT
1]
T ig.21
12 .86
'Z?IEI
41 .e8 e on
e ————l]

Fig. 7. HPLC chromatogram of amino acid in arowroot extract group A
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Fig. 9. HPLC chromatorgram of amino acld in arrowroot extract group C
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HEF O 0IN ANE FiEe FledA Soln ofstslad 200mE ¥FF TF
S5 Z%E = ol Inductively Coupled Plasma, ICP) # =& o|£35}a Table 32
ZHoe=n &FslEe,

Table 3. Operating condition of ICP

Classification Condition

Wavelength spectra {nm) K 766490
Ca - 317.930
Mg : 279.080
Na . 589.590
Fe . 250940
Mn - 257610
Zn . 213850
Cu : 324.750
Pb : 220,350
Cd 226,500

Instrument Applied Reseach Laboratories 3580 (Swiss)

Gas pressure Line gauge 40psi
Coolant gauge 20psi
Sample gauge ZBpsi
Pump speed S00rpm
Mebilizer gas pressurs 26psi
Carrier gas flow rate 0858 /min
Pump rate 1.88/min
Intergration penod S.0sec




5) O|4SHE 24

(1) dobsg 4L
HEFA YA E e B2 YH 8 (Plate count method) ol w2} A H A 23
gem, o] 1.5m Q) Petri dishof] 88| 1més} zr B4 &Y 42 33 Plate
count agar(Merck, SU)E =} 15mé RF3a Fg 2 10d £ 35T Incubatore] A
4847t ¥ s Colony counter® o] &8 IS+ E AFsaAch

(2) didga 2 EdA dddT 24

3T A8 FAe 453 dAEH s 5o 2 atel A EE4 10al,
1md, 0.1 -G Fee FHANE, HAAH, SHAEE T4 22854 Folxy 3
o8& Belago

+¥AH dEFZT A EC mediume o] &3 HEA g b=, 44.5T4 A4
244 7 vk 5 FRAd o] 91 =E EMB B el A« whokdle] AW ohadgg
45439 (Metallic sheen) & | F=a] 58 2232 o A=F Ao 28
HU4E T4 oxEYH FolEAY I {Gram negative non-sporeforming bacillus) &
EelEHt

(3) B4 dFAFT 0157 HA
AEed méE FTHAL EC broth(Difeo, 715) 10mo] Weo] 35tel4 18~
24417t Wik E Sorbitol-MacConkey agar(Difco, 7158 Ab#dle] 22lsiglon
Sorbitol &-4%] Colorless HE-E #Hel API 20E kie® ol fal«] Azidal HAHE
sz, 0157 %% Y (Difco, v1F)E ol&d] PHEH AL A5

m. 4= 9 23
L YR gk

428 g Eg R 6520%, =AW 122%, 29 181%, =8E 247RE
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Vel JEFs] Yub4EE £49¢ AT Table 4 & HTh

AEFe Yk Ee B £2 9251%, =2 040%, =Y E 062% =2E
071%, ZFads) UugEe FBF 82 0L42%, =AT 042%, ESAR 036%,
Z 8 H 058% ol glov] Alddate] Yk & 8 93.36%, =3 040%, =09
033%, =HE 061%FE 2H

2o HWEart DA 03360 AF 251%AFEY 0142% 9 oHA
o 3 aFdo] rhd e g ne T 2 FAT FEd A7 4=
Helo] Hog ¥4 Agen gle AH3ate Ay onFe WHoE AP
olu} 7IEt DEE Aale] g oz gld 4AFEG i FEEF] A o
ehut ot

A e HEA 7 AHNF 040%E A5 042%, A T2} 04058 E AolE
Hel#] @,

zowge HAA7 4AF 062%2 JAFS9 036%, AR 0.33%A HH
tha Fgitl ol ANEFds] FAG LS HFHe ABHAS AR 4T,
5} FHPF]M L4E Hog AREh

25 2e HFH7t HAF 0.71%, A+ 0.58%, N BHA 061%L HAFEAH
AL AHBA via 2449 HAz Qs =HEFE PaF Zloe WG,

2. fElg @F

HAE, A3, NS FelF ¢FE =AE E@F Fructose, Glucose,
Sucrose, Maltose7t =P o0, #2199 F3F& Hd HAdAE 192% T
23 glglen FhaddMe 0.79% ATEAE 243% S SRR Table
5).

falgs] =AY gHes 2@ 4FFANAE Fructose 0.2914~0.48929/1009
(HF 0.36949/1009), Glucose 0.3190~0.48829/1000 (W 0.4087g/1000), Sucrose
0.5941~1.82319/1005 (HT 1.14179/1009) & etllow, 59 Fructose
0.1198~0.17416/1000 (¥ 0.14839/1009), Glucose 0.0796~0.1196a/1000 (HF

aal ¥ b



Table 4. General components of Armowroot exiracts.

Cunit © %)
Samples Moisture  Crude fat Err;':?n Crude ash
A 1 8212 046 0.70 .78
2 02.14 D48 0.72 (.78
3 8335 0.20 0.36 055
4 02.37 D41 0.52 (.65
b 5221 043 0.71 D68
[ 03.18 045 0.61 0.7
'] 9220 046 072 075
B 0282 0.29 0.58 .65
- 9225 0.33 0.74 072
10 0228 0.42 057 0.75
Average 92.51 0.40 0.62 0.71
B 11 9145 0.43 0.38 0.59
12 9161 0.44 034 0.57
13 91.20 0.39 0.35 0.58
Average 01.42 042 0.36 0.58
C 14 93.36 040 0.33 0.61

# A Arrowroot juice, B Ammowroot extract, C | Arrowroot tea

0.09749/1009), Sucrose 0.2750~0.3998g/1009 (M7 0.33069/1009), Maltose 0.1902

~(.23260/1009 (H T 020919/1002)& JrEbA ok A3 2HE Fructose 0.29419/1009,

Glucose 0.31658/1009, Sucrose 1.28539/1009, Maltose 0.53719/100%& “HERETH
A& FAM¥E SucrosesGlucosesFructose ©2 2 Sucrose T80 714 4 v

i



L] Maltoser HEH2 oot M e SucrosesMaltose>Fructoses
Glucose ©2F @3] ATHzen, AlBH2l4 = SucrosesMaltoses Glucose
»Fructose =22 §ake] Eobc},

Table 5. Frea sugar compositions of Armowrnoot extracts.

Cumit © 8/1005)

Samples Fructose Glucose Sucrose Maltose Total
A 1 r4892 0.4882 L7401 ND 2.7125
2 (L3604 0.4230 QL7620 ND 15454

3 (L3040 0.3462 0.5941 ND 1.2443

4 (AG0E 05381 1.8231 ND 28118

5 0.3255 0.4645 12208 ND 2.0108

6 0.3082 0.3889 0.8808 ND 1.5780

T 0.3988 0.3442 13856 ND 21285

B 03434 04272 L0670 ND 1LB376

o 0.2914 03190 0.7958 ND 1.4062

10 04225 03473 1.147T4 ND 19177
Average 0.3694 4087 11417 = 19198
& 11 0.1193 00796 02750 0.1502 .6645
12 0.1511 0925 0.3%58 0.2326 8764

13 0.1741 0.1196 0.3168 02044 Q.E150
Average 0.1483 0.0974 0.3306 0.2091 0.7853
C 14 02841 0.3165 12853 .5371 24330

* A Arrowroot juice, B ! Arrowroot extract, C . Arrowroot tea
% ND : Not Detected
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draes gFolds) #2122 ¥FE Sverose”t 71} =AU Glucosest Fru-
ctoset MlE® THE LYET c)FHL ¥ Alohal® PR FA 7L g
#EE B 2Y9 AWadAe] R gEE AHEE 2R 2y @3V
HE& 0% Ribose= £ ZAldM A AlBeY PS4 dgtd. &4 5299
ABAAE $2 A4S AL AFASME 257 Maltose HF2] Sucrose tHE02
=4 dsed 4534 01 2F FREAE JE59F & olHE AL
PHFo2e AFSE3 Ao & ez 4A9AY AFr=E FFse
g4 & TR T 22 Maltoses HUEHA BFUE oz PTs o
Aed o7l g A2 o AFHE?} | Fejxjcl ¢ Aoz AAAC)

3. FEole| a4t ek

frelelviedte F 14Fe] FEHAded 43T 01072~018769/1009(FH T
0.14626/1009) % et e, H 242 01822-0.1838/1009 (= 0.18319/1008),
Al g3 0.26299/10098 vHERA 21k (Table 6.)

A2 & o 45 A4E9, AREA F9AM Aeletolfs) g8 &
A A fEolrxst §8E AF S/ Fugle] 8 Aol gl & 4
gslen, FE3ez g3 BE obv|=412 Histidine, Threonine, Glutamic acid
Folglch. Felelrlzide] TR oy FEdA g2 NEE ARAT <@
Ag Q4522 AL fg 4A7 dax HHA7 S Fe FH7 GFAAM A9
Felgp A g

4. F714 % 9=k

BATE dYez gl ¥ T4 89 BYAT= Table 77 Fcl 1059
Fr4EE 248ged K Ca, Mg 5o =& #32 vehigd.

aAe] ¢ vFFHT AEAY F(PLIE AdA] d] $xE o] glog?
AETe] BEWIE Schroeder Tl o#H mAd 0~1580/kg, o F 02~
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25mg/kg, &F 0~03Teg/ky, TF 0~130mg/ky, W29 )2 Ados H42E &
M- E 0~124mg/kg (BT 0.21mg/kgle] BREo] e HAes YESHoD, $
ol A =AM AZE 014~061mg/kg(H T 030m/kg) o2 Ao PHE Aoz =
A 2ok B9 AR HHTTE TR 2T Aued vz Yukde g L
FES Rol2 flon AA € $£2U Jez zAHAY,

Table 7. Mineral compositions of Arrowroo! extracts

Cunit © mg/kg)
Samples K Ca Mg Na Fe Mn Zn Cu Pb Cd
A 7602 7982 7194 3994 1084 166 129 051 061 010

9281 9719 B756 3132 1267 381 088 054 014 006
14458 9716 11820 2937 1164 202 170 101 043 010
8476 8539 9762 3554 1172 284 093 068 036 003
8184 8196 3353 1016 273 118 083 028 006
9655 9308 ??3:.5 3261 1108 301 203 077 022 04
8814 7759 9051 2899 1227 235 147 L14 035 0.05
10128 9463 8362 3182 11.13 228 165 096 019 0.04
0036 8017 9404 2969 1091 315 099 108 049 011
883.1 8494 8991 3145 1148 330 115 063 033 005
943.14 83081 88081 37426 11390 2705 1327 0815 0340 0.064
B 11 10969 4809 4480 1477 506 152 101 050 015 0.05

12 9925 5786 6481 2315 448 093 097 057 018 010

13 B67T6 6804 35926 1936 611 119 112 052 021 0.09
Average 98567 57097 56290 19083 5217 1213 1033 0530 0180 0.08
C 14 7044 7505 9S70.7 1889 623 1656 090 044 030 0.4

0 o - @ WM R W R
L

i
=

z
%

¥ A Arrowroot juice, B . Arrowroot extract, C . Arrowroot tea
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FI=F(Cd)2 ofd, 72, o] e B4EE F2 dojn, 8 Fl=F =
T, F8A AxTAe AsE Ay AdA 268 AN 52 HEezs
H Aol olfsv] detAE] 5 AINFS 10~50p0/wo 2 BV g,
UMof clfFeas F2 40M o)z 4ol 2F, TATSF& o5t
2 & 1968 B Tujoluld (EILER) 2] 7hol =] 7hab (sl ) -9 ol 4 S8
olgtolclefe| s fANEREAM @] g3 2}

Y =AM @HeE 003~011mg/kg(HTE 0.07Tmg/kg) o] REE Holm glon,
WHO A4 | ¢t@ Guide line level®] 4%, HdF9] Fl=F ©F 0Imglgrct
S FAE vepz gk

FHEL EFFF, VEETE, BT paAEd 299 £ A 5, 5498
d4o¥e T2 (Cu)e LAEAL Y, T4 4230 Yo7 digd =
FHoll 3~9.1mg/ky, o] 22~68mg/kgo] B4 VR glesy ZERE P Tyro-
sinase, Catalase®] AR o2M AEZFIE 48& MDY, Fe& 3, Ay, =
sobFo| 10~-30mg/ky, 4 EF A 20~400mp/kg (Underwood, 1962) 8] +22.2 §#4
Heol| giga RaEan gig

B ZAbo] 2|8 044~ 114mg/kg(BF 0.73mglkg)e] H#EE Mol glon g
Aol FHlle g2 MAA g= $E& £Ee AlgEn

A2 E FY%E T8 fdioe 4718 FHYE29 H C N O, P, S 94 (),
Na, K, Mg. Ca & @4 1139 F28 149 45 fa0 W52 Fe, Zn, Cu, Mn,
V., Cr, Ni, Co, As, Se, Mo, Sn, 5i, F, I 5 15% 9] v|gd47 ¢34 glc. 4848
T S8 g2 A8 27129 oTULAE 234M 4924w
REch Fa f42E 49 19 B2 Fo] 100mge]ste] HE @2, 100mgo] 89
HE QYo 2 v g4 0T AYL)e 3ok Fel v@glts) 0 g9
F{d fAshe fiolch AGVEAEEFHEFR(OITAERSEER L) A=
2714 AYL2M Ca, P, Fe, Na, K & 5847 713=e1® qlc}

€ ZAAM 8 e o, FIEE, FAUE ALY U Es] fdie 944
Yag 718 9dF2oln, e 234 540 vmE oA} FajeM &
Tdo] Be ez AURA o o AU wWge A= Jd2EVer
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5. =8 4

HERA Y AT AEFY 44 9 A= GYAM e FFAe)e] HFX L A
Wl HASEE AYE o] F29 AEE A=Az gk 3 ZAM B
Az AAF 1079 ME AAEA M 23X%10°~31%10° CFU/Mm HH{(HT 55x10°
CFU/nf)q] 247 FEHUR, 32497 AR He 2F HEHA U4
(Table 8).

o| e HFE =EEAAY FAAM AFIE o185 F& M= BAR
AekA gl 3, ANAH, 7177 o8 b2 v aLtFos A& H4HA
M2 A o) el g2 gide A& gugch @l JESudo|g ARH e
A As] Al FHEE 4 HAE Ade AE AxFTAHYE B4 dEA AT
71 A8 AEHA Yes 4 F dAch

WA HFFHAH ctHY FLLEF FEHAFL AT+8 100CFU/Mmic]stE
FA#E 13, e EdAE AId5E 10CFU/mie| S22 3% ¥ AN ¥ g
¥ gpg £Aldoeg 8= 3o BAE 55000 o] o]z A& & 5 Wtk
74 AE+e 2EAFLE7 30~-37C5] FLATTE Teed YvE o
Fag Egs]a Wl EE o] HFe TEsoz FAFF7 Boie AL O
g o AEE #AY AT dA FledE woldidan & =+ 2k

W ATFE FAdo] AAEke AL AFo FEFEA oE A4 48 £
THeds BESE Ao A4 BFA # & AT TEL FAD AR v
Mgz olfs gick dA AFEAAME Y HHHE BE AT dA3IT
#5o] dHHe] T AlEe] 2402 FAHY fle= F HUY oHER O
f#A49- vig sz 5P o9 FAHEE e $Fe S

ol A|gelM HAFE AT, vjRrHAR 107 BFAAA F4E Jehidz,
297 RN E 25 24 Yl

EeA A Te I3 2edyE A48 44 d3za s A e gl g
PEHdM FaAsle 3ot ASHE Ao ol Hags YA T2
2y EYS Y £ 92 B4 o 45 BF FlF4E §F wol= el
HHAA HAT4 ASENE ¥FE H+EAFE 21 qdn § 4+
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ol ¥ EAAME 4AFAM 300 2vA dFET F4E Jvehdlen oA
1AL 25 4| ck

HT 80dd < F1H oF, 2, AEHFACNA iR IS HESE dod|9
A7 H2 gl 994937 01574 g A EAE 437 #4234 A9
AA4F 144 2F 49k

Table B. Resulls of Bactericlogical fest of Arrowroot extracts

e (o) ot B0

A 1 5.1 10" P N M
2 15X 10° P P N
3 1.0 10° P N N
4 1.5 10° P N N
5 8.4x10" P P N
& 23x10° P N M
7 1.8% 10° P N N
& 4.1x10° P N N
9 31x10° P P N
10 1.2x10" P N N

Average 5.5 10°

B 11 0 N N N
12 0 N N N
13 0 N N N

c 14 0 N N N

# A Arrowroot juice, B Arrowroot extract. C : Arrowroot tea
# SPC . Standard Plate Count # CFU . Colony Forming Unit
% P ! Positive * N . Negative
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LANFe U4 e 93 8 9251%, =A% 040%, 2993E 062% 258
0715 3, AE&d42 BT +8 0142%, =T 042%, =94 F 036%, =HE
0.58%, A A & 0336%, =AY 040%, =T E 033%, =2 & 061%T
b o

2 frel e e AvAcR Sucroses] Hate] F1A waten faldo] 249
M= A #AF 4= Sucrose, Glucose, Fructoses] £4 2 Sgtent, @493
Al A A M= Sucrose, Maltose, Fructose, Glucose &A1 2 B9l

3. freloloj=ie] RHAT 14F 9] cjo| o] PEEHZEd 35222 Histidine,
Threonine, Glutamic acid 58] k] Faich

4 F7Fe gL Ao g K Ca, Mg %o Bited Poe 9T 0.30méky
22 AHEH +80%en, Cde FF 0.07T09/ke 22 WHOS Guide line level3!
0.1mg/kg o] 8l

5 MTHE 243N Adse Y3904 BT 55X10CFU/Me7t A =en,
HF 45 ARfzd e Bddolgct HATZ e IS4 101 AME
M FdE vElD {390 Addade §403ey, ¥EAdRAT
TE& 4AFAAM 370 FYolgien H2:E4 ABYAMe 4990k
HHARAT 01572 AMEAM &4,
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